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Multiplication and spore production of three microspo-
ridia viz., Nosema bombycis, Nosema sp. 1 and Nosema
sp. 2 in fifth instar larval tissues of silkworm, Bombyx
mori L. in two seasons with distinct temperature
regimes were studied. Nosema sp. 2 produced signifi-
cantly (P <0.01) higher number of spores in various tis-
sues. Among the tissues, spore production was highest
in silk gland, followed by fat body and gut. Spore pro-
duction was significantly (P <0.01) higher in season-IT
(Average temperature 29.4 +1.1°C). Maximum spore
production was observed 25 days post inoculation (p. i.)
in season-I (Average temperature 18.9 + 1.1°C), whereas
in season-Il, it was 14 days p. i. In season-I, spore
production was low up to 21 days p. i., then increased
sharply: In season-II, there was a steady increase in
spore production. The results indicate that the
microsporidian multiplication is tissue specific and
extremely Sensitive to temperature at which the host is
reared. It also reveals that, silk gland, fat body and gut
are the most appropriate tissues for microscopic iden-
tification of microsporidia in the larval stage.
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Introduction

Microsporidia are eukaryotic, intracellular, obligatory par-
asites of all animal phyla and are common in arthropods
(Sprague, 1977; Larsson, 1988). They are characterized
by infectious spores with unique organelles for their inva-
sion into the host (Undeen, 1997). Multiplication and
spore yield of microsporidia in various host systems are
widely studied (Lai and Canning, 1980, 1983) and these
are influenced by temperature (Fowler and Reeves, 1975;
Becnel and Undeen, 1992), spore dose (Teetor and
Kramer, 1976; Henry ef al., 1979; Lai and Canning, 1983),
age of the host (Lai and Canning, 1983; Whitlock and
Brown, 1991) and type of tissue (Sasidharan et al., 1994).

Pebrine caused by Nosema bombycis is a unique
microsporidium and it exhibits both horizontal and ver-
tical transmission. Different strains and species of
microsporidia have been isolated from silkworms, thus
disease has become increasingly complex (Fujiwara,
1985). The earliest method developed by Pasteur (1870)
for production of pathogen free eggs through examination
of mother moths has been successfully used in checking
the vertical transmission. However, sample testing is nec-
essary during the larval stage to identify early infection
and to check horizontal transmission. As the multiplica-
tion of microsporidia is tissue specific (Sasidharan et al.,
1994), testing of individual tissues gives more accuracy
than the whole larva. However, no report is available on
the influence of temperature on tissue specific multipli-
cation of microsporidia in the larvae of silkworm, Bombyx
mori L. We investigated multiplication and spore produc-
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tion of three microsporidia, Nosema bombycis, Nosema
sp. 1 and Nosema sp. 2 in various tissues of larvae of
Bombyx mori L. in relation to development of the host in
two distinct temperature regimes.

Materials and Methods

Insect and food plant _
A popular multivoltine silkworm, Bombyx mori L. race
Nistari {marked) fed on mulberry (Morus alba cultivar S;)
leaves was selected for the experiment.

Microsporidia

Three microsporidia viz., Nosema bombycis, Nosema sp. 1
and Nosema sp.?2 isolated respectively from mulberry
silkworm, Bombyx mori L., tropical tasar silkworm,
Antheraea mylitta D. and a mulberry pest, Diacrisia obli-
qua W. were taken for the study. From infected adults,
spores were isolated and purified using standard technique
(Rekha et af., 1998; Sato and Watanabe, 1980).

Microsporidian inoculation and tissue preparation
Healthy and uniform sized larvae (0.08 g) of Nistari
(marked) immediately after second moult were separated
into 25 batches with 20 larvae in each and were starved
for 3 —4 hrs. Spore suspension (1 x 10%ml; 200 ul) in
endotoxin free (ETF) water was smeared on a mulberry
leaf disc (5.3 cm dia.) and exposed one such leaf disc to
each batch of larvae. After complete consumption of
microsporidian contaminated leaves, the larvae were
pooled equally in four wooden trays (80 cm x 40 cm) with
125 larvae each and were reared on healthy mulberry
leaves till spinning following standard technique (Krish-
naswamy, 1972). All the three microsporidia were inoc-
ulated and maintained in identical condition.

From first day of fifth instar to spinning, 10 larvae were
collected at random from each replication on alternate
days. Mid gut, silk gland, fat body, malpighian tubules
and male and female gonads were dissected out in insect
saline (0.65% NaCl). Except male and female gonads, all
other tissues were collected from the larvae irrespective of
sex. Each weighed tissue was homogenized (Potter and
Elvejam teflon coated tissue homogeniser) in 0.6% aque-
ous K,>COj; solution for 2 =3 m for complete release of
spores from the tissues. The homogenate was filtered
through 3-layer cheesecloth. The tissue debris collected in
the cloth was resuspended in K,COj solution, agitated
over a cyclomixer and again filtered to collect spores
entangled in the debris. The filtrate was centrifuged at
3000 rpm for 3 m for complete sedimentation of spores.
The sediment was dispersed using a cyclomixer in 1 ml of

ETF water. The spore concentration was then determined
using a Neubauer hemocytometer (Cantwell, 1970). The
same procedure was used to determine spore concentra-
tion in different tissues. The spore concentration was
expressed in g”' wet tissue. The experiment was con-
ducted in two seasons [season-1 (SI) and season-II (SII)]
with distinct average temperatures (SI: 18.9 = 1.1°C; SII:
29.4 £+ 1.1°C) and relative humidities (SI: 76.5 £ 6.5% and
SII: 85.1 +3.2%). In first season, SI, the spore concen-
tration of the tested microsporidia was determined from
day 1 to day 11 of 5th instar larvae (larval duration 32
days), whereas the same in the second season, SII was
determined from day 1 to day 7 of Sth instar larvae (larval
duration 21 days). The data were subjected to ANOVA
and means were compared for significant difference.

Results

In general, in SII, all tested microsporidia showed signif-
icantly (P < 0.01) higher multiplication and spore produc-
tion in various tissues than SI. Among various tissues,
significantly (P <0.01) higher spore production was in
silk gland in both the seasons, while minimum in mal-
pighian tubules. Nosema sp. 2 produced significantly (P <
0.01) higher number of spores in both the seasons (Table
1, 2 and 3). The spore production of tested microsporidia
was low up to day 7 of 5th instar larvae (21 days p. i.) and
then increased sharply reaching their peak values on day
11 of 5th instar larvae (25 days p. 1.) in season I. However,
spore production of tested microsporidia showed a steady
increase from day 1 to day 7 of 5th instar larvae reaching
their maximum values on day 7 of 5th instar larvae (14
days p. i.) in season II (Fig. 1). With regard to multipli-
cation and spore yield in various tissues, significant (P <
0.01) interactions were also observed among season,
microsporidium and day.

All the tested microsporidia produced more spores in
silk gland and lesser in malpighian tubules in day 7 of 5th
instar larvae in SII. In this season, Nosema sp. 2 produced
1.8 and 1.3 folds more spores than Nosema bombycis and
Nosema sp. 1 in silk gland and 3.2 and 1.8 folds more
spores in malpighian tubules respectively. In SI, these
microsporidia produced maximum spores in silk gland
(Nosema sp. 2: 1.8 x 108 g™'; Nosema sp. 1: 1.5 x 10° g”!
and Nosema bombycis: 4.6 x 107 g} and minimum in
malpighian tubules (Nosema sp. 2: 4.0 x 10’ g, Nosema
sp. 1: 22 x 107 g and Nosema bombycis: 7.3 x 10° g™)
in 11th day of 5th instar larvae.

Fifth instar larval duration was 11 days in SI, 4 days more
than SII and spore yield up to 7th day in both the seasons
was statistically analyzed. In SII, the spore yield of
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Table 1. Spore production of three microsporidia in various tissues of larvae of Bombyx mori L. in relation to development of the
host durmg season | (Temp. 18 9+ 1.1°C and R.H. 76.5 £ 6.5%). Data represent mean + S:E. (n=20).

Number of spores on different days of development (x 10° g7'..wet tissue)

" Tissue Microsporidia® -
1 3 5 7 9 1

N.b 129402  258+03  261£02  412+0.6  545+0.6 3545+ 1.7

Gut N.sp. 1 222404  6.13£09  653+£07 1472+1.1  1823+22  42.80+29
N.sp.2 213404  3.17+06  105+1.6 1839+22 33.15+18 6143133

N.b 0.78+0.1  088+02  091+02  128+02 235325  4578+238

Silk Gland N.sp. 1 049+0.1  191+04  625+0.7 13.04+13  80.00+75 146.8+12.5
N.sp.2 093+£02  279+04  675+1.1 1897+13 13555466 181.03+75

Malbiahian N.b 1.06+03  1.88+03  235+02  330+03 520402 7.25+0.3
T ‘;p:g a N.sp. 1 348406  536+0.6  9.87+0.7 1690+35  17.92+29  2240+2.1
ubules N.sp.2 1.33+0.1 147+03  3.64+06  834+1.1 28.13+1.0  4028+55
N.b 0.87+02  128+0.1  293+00  344+02 1306+ 1.5  4025+24

Fat Body N.sp. 1 111402  227+04  379+0.7 61404 5278+64  87.45+7.0
N.sp.2 240404  577+07  739+04  900+1.1  60.00£53 1261152

N.b 179403  1.86+03  195+03 263403 37303 8.05+0.5

Male Gonad . sp. 1 250400  3.13+£05  391£07 1161+18 162512  30.00£29
N.sp.2 345£03 41703 519409 11.93+19 2495+28  41.73+3.8

Female N.b 189403  240+02  260+05  3.18+02  6.11+06 938+ 1.1
Gomed N sp. 1 292404 39107  446+07 1563+15 19.08+1.9  3929+3.8
N. sp. 2 35203  455+08 592406 1944+12 410421 8170+ 10.1

a: N.b = Nosema bombycis; N. sp = Nosema species

Table 2. Spore production of three microsporidia in various tissues of larvae of Bombyx mori L. in relation to development of the
host during season I (Temp. 29.4 + 1.1°C and R.H. 85.1 £ 3.2 %). Data represent mean + S.E. (n = 20).

Number of spores on different days of development (x 10° g™, wet tissue)

Tissue Microsporidia®
: 1 3 5 7
N.b 327102 646104 41.85+2.1 61.95+4.1
Gut Nosp. 1 477+04 8.95+09 63.02+3.8 106.05 £ 3.1
N.sp.2 9911038 1530 £1.7 81.25+1.8 136.62 £ 2.6
N.b 323+04 5.62+0.2 121.21 £ 13.0 20345+ 7.5
Sitk Gland N.sp. 1 5.08%0.3 6.63+0.4 197.13+ 9.1 296.67 + 12.8
N sp.2 7.20+09 14.06 + 1.1 333331125 375.00+11.7
N.b 391104 7.19+£0.5 13.44+ 1.7 16.23 +0.9
Malpighian Tubules N.sp. 1 7.38+£0.4 10.75+0.3 14.17 £ 0.9 29.17£2.0
N.sp.2 9.09x0.8 13.20 £ 0.8 2625+ 1.7 5221£33
N.b 5.56£0.5 7.57+0.8 7429423 187.50 £ 7.7
Fat Body Nosp. 1 6.25+0.8 9.07£0.2 137.00 £ 18.5 210.00£5.5
N.osp. 2 9.28+ 1.0 17.83+1.8 153.45+5.5 2788054
N.b 3.82+0.3 6.60 £ 0.6 20.84 £ 0.9 29.33+27
Male Gonad N sp. 1 5.63£0.6 8.22+04 33.04£3.0 45.00£3.9
N.sp.2 6.6210.3 14.77 £ 0.6 3750+ 1.6 68.24 £ 0.9
N.b 536%04 82107 29.04 £2.5 491729
Female Gonad N.sp. 1 58104 8.66 £ 0.5 346118 56.52+1.4
N.sp.2 7.72+0.6 13.13+1.4 43.13+£2.0 95.00+2.5

a: N.b = Nosema bombycis; N. sp

= Nosema species
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Table 3. ANOVA for the multiplication and spore production of three microsporidia in various tissues of 5th instar larvae of silk-

worm, Bombyx mori L. in relation to development of the host

P<0.05

Source DF SS " MS . F

Season (S) 1 377117.7 377117.7 7156.2"" 1.2
Microsporidian (M) 2 42917.1 21458.6 407.2" » 1.5
Day (D) 3 4170812 139027.1 2638.2" 1.7
Tissue (T) 5 2454917 49098.3 931.7"* 2.1
SxM 2 26705.3 13352.6 253.4™ 2.1
SxD 3 329876.1 109958.7 2086.6" 2.4
SxT 5 246461.1 492922 935.4™ 2.9
MxD 6 30694.5 5115.8 97.1" 2.9
MxT 10 22115.0 2211.5 42,0 3.6
DxT 15 272624 .4 18175.0 344.9™ 42
SxMxD 6 20066.7 33445 63.5" 42
SxMxT 10 20765.9 2076.6 39.4™ 5.1
MxDxT 30 26156.7 871.9 16.5™ 7.2
SxMxDxT 30 286107.3 9536.9 181.0™ 10.2
Error 447 23556.1 52.7

Total _ 575 2387736.6
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Fig. 1. Spore production of three microsporidia in silk galnd of
Bombyx mori L. at various d.p.i. in two seasons (SI = Jan - Feb.;
SII = June). Vertical bars represent S.E. of Mean (n = 20).

Nosema sp. 2 in silk gland and malpighian tubules of 7th
day of 5th instar larvae was 19.8 and 6.3 times higher than
that of SI respectively. Similarly, Nosema sp. 1 showed

22.8 and 1.7 and Nosema bombycis 159.0 and 4.9 times
higher spore yield in silk gland and malpighian tubules
respectively in SII. Nosema sp. 2 showed a minimum of
5.7 (malpighian tubules) and a maximum of 52.1 (silk
gland) fold increase in spore production from 1st day of
Sth instar to 7th day of 5th instar larvae in SII, whereas the
yield increase was 6.3 and 20.4 fold respectively in SL
Nosema sp.1 showed a minimum of 4.0 (malpighian
tubules) and a maximum of 58.4 (silk gland) fold spore
yield increase in SII, while in SI the same was 4.6 and
26.7 fold respectively. Nosema bombycis showed a min-
imum of 4.2 (malpighian tubules) and maximum of 62.9
(silk gland) fold increase in spore yield in SII and the
same in SI was 1.5 (male gonad) and 4.0 (fat body) fold
respectively (Fig. 2a, 2b and 2c).

It was assumed that all larvae consumed equal quantities
of pathogen smeared leaf and hence received a spore load
of 1 x 10%. If consider the spore number increase (in fold)
from the day of inoculation to the last day larvae (11th day
of 5th instar in SI and 7th day of 5th instar in SI), it was
highest in silk gland both in SI (Nosema bombycis: 458;
Nosema sp. 1: 1468 and Nosema sp. 2: 1810) and SII
(Nosema bombycis: 2035; Nosema sp. 1: 2967 and Nosema
sp. 2: 3750) and least in malpighian tubules (Nosema bom-
bycis: SI-72 and SII-162; Nosema sp. 1: SI-224 and SlI-
292; Nosema sp. 2: S1-403 and SII-522) (Fig. 3a, 3b and 3c¢).

Discussion

The most ideal temperature for the development of late
age silkworm larvae is 24 — 26°C (Dandin et al., 2000).
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The present study reveals that infectivity and development
of microsporidia in insect are dependent on the temper-
ature at which host is being reared. Although, microspo-
ridian spores can tolerate a wide range of temperatures
(Weiser, 1963; Maddox, 1973), the infection process is
influenced greatly by temperature. In our study, fifth
instar larval duration was 11 days in SI and 7 days in SII.
This variation was due to difference in temperature during
these seasons. The multiplication and spore yield of
microsporidia in various tissues of the larvae were sig-
nificantly higher in SII. Although, spore yield was very
low up to 21 days p. i. in SI, a sharp increase was noticed
in most of the tissues on 25th day during larval - pupal
transformation. The physiological changes in the host
possibly regulate the developmental cycle of the parasites
and switch over from a predominantly vegetative phase to
sporogony, resulting in an increase in spore yield. Similar
sudden increase in spore yield was also observed during
transformation from pupa to imago in Pieris brassicae
(Lai and Canning, 1983).

The spore yield of microsporidia in various tissues on
day 7 of 5th instar larvae was significantly higher in SII.
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(B) Nosema sp. 1 (C) Nosema sp. 2 from the day of inoculation
to the last day of vth instar larvae in various tissues of Bombyx
mori L. in two seasons. Vertical bars represent SE of mean
(n=20). G = Gut; SG = Silk Galnd; MT = Malpighian Tubule;
FB = Fat Body; MG = Male Gonad; FG = Female Gonad.

In SI, even with additional developmental time and
resources the microsporidia did not produce more spores.
This indicates that while the host and parasite share a sub-
optimal temperature for optimum development, the parasite
appears to be more sensitive to low temperature than the
host. Temperature is one of the determining factors for
insect susceptibility and multiplication of pathogens. The
optimum temperature for infection of most of the
microsporidia lies between 20 —30°C and no develop-
ment occurs below 10°C (Maddox, 1973). Infections of
grub with Nosema melolonthae of Adelina melolonthae
similarly increased mortality at 20 — 25°C temperature
range, compared with chronic long - lasting infections at
lower temperatures (Hurpin, 1967). Likewise, tempera-
ture optima for Nosema necatrix in Trichoplusia ni and
Heliothis zea were observed as 21 —26°C (Fowler and
Reeves, 1975). It was also reported inhibition of vegeta-
tive development of Vavraia culicis in mosquito, Culex
pipiens fatigans at a temperature of 34°C (Reynold, 1970).
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In Vairimorpha necatrix, high and low temperature
extremes delayed the microsporidian development result-
ing in the production of fewer spores (Fowler and Reeves,
1975). Becnel and Undeen (1992) predicted 30.8°C as
optimum temperature for maximum spore production of
Edhazardia_aedis in Aedes aegypti by elevating outside
the ecologically relevant temperature range of the host.

Among the microsporidia, the highest spore yield in
most of the tissues in both the seasons was in Nosema sp.
2, followed by Nosema sp. 1 and Nosema bombycis. This
difference in spore yield could be attributed to their vir-
ulence (Madana Mohanan, 2004; Madana Mohanan et al.,
2005). Difference in virulence of Nosema heterosporum
and Nosema plodia was reported (Kellen and Lindegren,
1969, 1974) in the larvae of Indian Meal moth, Plodia
interpunctella. Similarly, Nosema acridophagus produced
fewer spores in migratory grasshoppers, Melanoplus san-
guinipes than in similarly inoculated corn earworms,
while spore production was reported similar in these
insects, when they were inoculated with Nosema cunea-
tum (Henry et al., 1979).

The differences in spore yield may be a reflection of the
host-parasite interaction, possibly due to differences in vir-
ulence of the microsporidia. In this investigation, Nosema
bombycis was obtained from a laboratory culture maintained
through animal passage in silkworm, Bombyx mori L., but,
Nosema sp. 1 and Nosema sp. 2 were isolated directly from
Antheraea mylitta D. and Diacrisia obligua W. respectively.
Since, Nosema bombycis was maintained through animal
passage in silkworm, an adaptation of host to parasite might
have occurred, thus rendering the host less susceptible to this
microsporidium and hence showed least spore yield.

Multiplication and spore yield were highest in silk
gland, then in fat body and gut, which may be due to their
tissue specificity. The rate of sporulation of Nosema bom-
bycis increased with age of silkworm pupa and moth and
cephalothoracic region recorded the highest spore con-
centration, especially around the wing and wing muscles
among the tissues tested (Sasidharan et al., 1994).

The study indicates that: (1) multiplication of microspo-
ridia and spore production depend on their virulence, type
of tissue and also the temperature at which the host is
reared, (2) Silk gland, fat body and gut are the most appro-
priate tissues for microscopic examination and detection
of microsporidian infection and (3) the precise day that
spore numbers are maximized can be predicted in various
larval instars when infection initiated in the first instar.

Acknowledgement

Authors gratefully acknowledge the Director, Central

Sericultural Research and Training Institute, Berhampore
(W. B.) for rendering necessary facilities during the course
of this investigation and Dr. S. Chattopadhyay and Dr.
Pratheesh Kumar.P. M., Senior Research Officers of this
institute for their help during the preparation of the manu-
script.

References

Becnel, J. J. and A. H. Undeen (1992) Influence of temperature
on developmental parameters of the parasite/host system
Edhazardia aedi (Microsporida: Amblyosporidae) and Aedes
aegypti (Diptera: Culicidae). J. Invertebr. Pathol. 60, 299-
303.

Cantwell, G. E. (1970) Standard methods for counting Nosema
spores. American Bee Journal 110, 222-223.

Dandin, S. B., J. Jayaswal and K. Giridhar (2000) Handbook of
sericulture technologies, Central Silk Board, Bangalore, India.

Fowler, J. L. and E. L. Reeves (1975) In vivo propagation of a
microsporidian pathogenic to insect. J. Invertebr. Pathol. 25,
349-353.

Fujiwara, T. (1985) Microsporidia from silk moths in egg pro-
duction centres. .J. Seric. Sci. Jpn. 54, 108-111.

Henry, J. E., E. A. Oma, J. A. Onsager and S. W. Oldacre
(1979) Infection of corn earworm, Heliothis zea, with
Nosema acridophagus and N. cuneatum from grasshoppers,
relative virulence and production of spores. J. Invertebr.
Pathol. 34, 125-132.

Hurpin, B. (1967) La lethargie, nouvelle virose des larves de
Melolontha melolontha L. (Cal., Scarab.). Entomophaga 12,
311.

Keilen, W. R. and J. E. Lindegren (1969) Host-pathogen rela-
tionships of two previously undescribed microsporidia from
the Indian meal moth, Plodia interpunctelia (Hubner), (Lep-
idoptera, Phytitidae). J. Invertebr. Pathol. 14, 328-335.

Kellen, WR. and J. E. Lindegren (1974) Comparative viru-
lence of Nosema plodiae and Nosema heterosporum in the
Indian meal moth, Plodia interpunctella. J. Invertebr.
Pathol. 23, 242-245.

Krishnaswamy, S. (1972) Large scale field trial on the intro-
duction of bivoltine hybrid in Mysore. Indian Silk 10, 9-12.

Lai, P. F. and E. U. Canning (1980) Infectivity of a microspo-
ridium of mosquitoes (Nosema algerae) to larval stages of
Schistosoma mansoni in Biomphalaria glabrata. Int. J. Par-
asitol. 10, 293-301.

Lai, P. F. and E. U. Canning (1983) Some factors affecting
spore replication of Nosema algerae (Microspora, Nosema-
tidae) in Pieris brassicae (Lepidoptera). J. Invertebr. Pathol.
41, 20-26.

Larsson, J. I. R. (1988) Identification of microsporidian genera
(Protozoa, Microspora) - a guide with comments on the tax-
onomy. Arch. Protistenkd. 136, 1-37.

Madana Mohanan, N (2004) Microsporidian parasites of mul-
berry pests and their cross-infectivity to silkworm, Bombyx



Tissue specific multiplication of microsporidia in silkworm larvae 93

mori L. Ph. D. Thesis, University of Kalyani, India.

Madana Mohanan, N., N. Krishnan, P. Mitra, N. K. Das, B.
Saratchandra and D. P. Haldar (2005) Seasonal impact of
microsporidian infection on the reproductive potential of
silkworm, Bombyx mori L. (Lepidoptera: Bombycidae). Int.
J. Indust. Entomol. 2, 107-111.

Maddox, J. V. (1973) The persistence of microsporidia in the
environment. Misc. Publ. Entomol. Soc. Amer. 9, 99-103.
Pasteur, L. (1870) Etudes sur la Maladie des vers soie; in
Pebrine disease of silkworm, Overseas Technical Coopera-

tion Agency, Japan.

Rekha, L., B. Nataraju and V. Sivaprasad (1998) Studies on
group moth inspection method for production of pebrine free
layings in commercial seed production centres. /ndian J.
Seric. 37, 148-153.

Reynold, D. G. (1970) Laboratory studies of the microsporid-
ian Pleistophora culicis (Weiser) infecting Culex pipiens
Jatigans Wied. Bull. Entomol. Res. 60, 339-349,

Sasidharan, T. O., R. N. Singh, M. V. Samson, A. Manjula, P.
C. Santha and Chandrashekharaiah (1994) Spore replication
rate of Nosema bombycis (Microsporidia: Nosematidae) in
the silkworm, Bombyx mori L. in relation to pupal develop-

ment and age of moths. Insect Sci. Applic. 15, 427-431.

Sato, R. and H. Watanabe (1980) Purification of mature
microsporidian spores by iso-density equilibrium centrifuga-
tion. J. Seric. Sci. Jpn. 49, 512-516.

Sprague, V. (1977) Classification and phylogeny of the
microsporidia; in Comparative pathobiology, Bulla, L. A. &
Cheng, T. C. (ed.), pp.1-30, Plenum press, New York.

Teetor, G. E. and J. P. Kramer (1976) Dosage effect study of
microsporidian Octosporea muscaedomesticae in the adult
black blowtly Phormia regina, with reference to the repro-
ductive cycle of the pathogen. J. Invertebr. Pathol. 28, 37-
41.

Undeen, A. H. (1997) Microsporidia (Protozoa) A handbook of
Biology and Research Techniques. Southern Cooperative
Series Bullettin. No. 387.

Weiser, J. (1963) Sporozoan infection; in Insect Pathology, An
advanced Treatise. Steinhaus, E. A. (eds.), pp. 291-334, Aca-
demic Press, New York.

Whitlock, V. H. and S. T. Brown (1991) First record for
Nosema locustae in the brown locust Locustana pardalina in
South Africa and the yield of spores in laboratory bioassay.
J. Invertebr. Pathol. 58, 164-167.



