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Abstract. 1. Monarch butterflies, Danaus plexippus, from two overwintering 
populations, were found to have Ophryocystis elektroscirrha spores on their 
scales at rates between 53% and 68%. The frequency of butterflies with 
0,elektroscirrhaspores remained about the same between sites and throughout 
the winter. 

2. The spores, recovered from all parts of the body of the butterfly, were most 
numerous on the abdomen, particularly near the posterior third. 

3. Butterflies with spores survived as long as those without detectable spores 
at 10.1"C +0.4SE and 78.3% r.h. +0.6SE. Insects with spores held at 19.4"C 
+0.4SE and 44.9%r.h. +1.5SE showed a significantly higher rate of moisture 
loss and survived a shorter period than monarch buttedies without detectable 
spores. 
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introduction sexual life cycle of this neogregarine is restricted to the 
larval and pupal hypodermal cells. 8- 10 days after pup- 

Protozoan diseases are common among insects. Many ation, gamogony and sporogony are initiated. The restric- 
protozoan pathogens infect a number of tissues, whereas tion of the life cycle to the hypodermal cells results in 
others are tissue specific (Brooks, 1988). Neogregarines the presence of spores on the scales of the adults. Under 
contain species that are both general and specific tissue laboratory conditions, heavily infected adults cannot 
parasites (Weiser, 1963). Those that are tissue specific expand their wings and die shortly after emergence. Less 
include Mattesia grandis McLaughlin and M .trogodermae severely affected adults appear normal, but McLaughlin & 
Canning which infect the fat bodies of beetles (Brooks, Myers (1970) postulated that the infected individuals may 
1988) and M.geminate Jouvenaz and Anthony which in- be weaker and more susceptible to diseases and parasites. 
fects the hypodermal cells of larvae and pupae of the McLaughlin & Myers (1970) conducted a 2-year survey 
fire ant Solenopsis geminata (Fabricius) (Jouvenaz & for the presence of 0.elektroscirrha spores on the scales of 
Anthony, 1979). adult queen butterflies and showed infection rates of 50% 

An unusual tissue-specific neogregarine is Ophryocystis and 22%. The prevalence of 0.elektroscirrha infection 
elektroscirrha McLaughlin and Myers (Neogregarinida: among monarch butterflies and the survivability of these 
Ophryocystidae) a parasite of monarch, Danaus plexippus individuals overwintering in California is unknown. Our 
(L.) and Florida queen butterflies, D.gilippus berenice study involved a seasonal survey of monarch butterflies 
Cramer (McLaughlin & Myers, 1970). The asexual and infected with the neogregarine in two California winter 

sites and a laboratory study to determine the longevity 
and body moisture losses between individuals with or 
without detectable spores on their bodies. 
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Materials and Methods 

Laboratory studies. Ninety females and ninety males 
were collected in December 1990 from Pismo Ranger 
Station (PRS) winter site (35'70'31" latitude; 120'37'52" 
longitude), San Luis County. The insects were individually 
weighed and identified with a number marked on the 
forewing discal cell. Half of the butterflies were subjected 
to 10.1"C *0.4SE and 78.3% r.h. c0.6SE and the other 
half to 19.4"C k0.4SE and 44.9% r.h. k1.5SE. At each 
temperature, the butterflies were subjected to three con- 
ditions (diet) for 21 days. Petri dishes (10 x 100cm) con- 
taining a 5% honey-water mixture, deionized water, 
or no water were placed in specified cages. The dishes 
were replenished daily. Each diet was replicated three 
times; each replication had five females and five males. 
The insects were held in a 30.5 cm X 30.5 cm X 30.5 cm 
cage under a 9:15 h 1ight:dark cycle. The insects were 
observed daily. Dead insects were removed and their 
longevity and forewing lengths recorded before being 
placed individually in envelopes and stored in a freezer. 
At the end of 21 days the surviving butterflies were mea- 
sured for their wing lengths (mm), placed individually 
in separate envelopes and killed by freezing. The frozen 
insects subsequently were freeze dried (lyophilysed) for 
48h and their dry weights determined to the nearest 
0.001g with a Mettler balance (Sartorius, no. 1518). The 
abdomen of these butterflies were removed and processed 
for neogregarine spores. The experiment was repeated in 
January and in February 1991. 

The number of spores on an individual butterfly was 
determined by a wash and count method rather than 
scraping and mounting of scales on a slide as described by 
McLaughlin & Myers (1970) because the amber coloured 
spores were difficult to detect on the brown or black 
scales. Our method involved placing the abdomen or 
any portion of the butterfly into a 15ml centrifuge tube 
containing lOm1 of a 0.05% (vh)  wetting agent (Tween 
20, J. T. Baker Chemial, Phillipsburg, New Jersey) in 
deionized water. The body part was washed for spores by 
agitating the tube vigorously with a vortex mixer for 1min, 
let stand for 5min, and reagitated for another minute. 
The body part was removed and the wash suspension 
was centrifuged for 10min at 5000rpm with a bench-top 
centrifuge (IEC HN-SII centrifuge). The supernatant was 
discarded, 0.5 ml of the wetting solution was added, and 
the tube agitated for 10s to resuspend the pellet. The 
number of protozoan sproes was determined with a haemo- 
cytometer. The detection of a single spore in the haemo- 
cytometer field represented 500 spores. 

Once monthly, three female and male butterflies with 
numerous visually detectable spores on their white scales 
were selected to determine the spore distribution on their 
bodies. The head, thorax, wings and abdomen were 
removed and washed for spores, using the methodology 
described earlier. The abdomen of each butterfly was 
divided into proximal, middle and distal sections before 
being washed for 0.elektroscirrha spores. 

The length and diameter of ten spores from each of 

five males and five females from Natural Bridges State 
Park (NBSP; 3637'1 1" latitude and 122"03'30 longitude), 
Santa Cruz County and PRS winter sites were measured. 
The internal tissues were stained with Giemsa and the 
alimentary tract, fat bodies, and Malpighian tubules were 
examined for replicating stages of the  protozoan. 

Seasonal prevalence of infection. Ten females and ten 
males were collected bimonthly from December 1990 to 
February 1991 from NBSP and PRS winter sites. The 
butterflies, placed individually in envelopes and held in an 
ice chest, were taken to the laboratory for evaluation of 
wet body weights (nearest 0.001 g), forewing lengths (mm) 
and for the number of neogregarine spores. 

Statistical analyses. The data were subjected to the 
test of normality and homogeneity of variances using 
the statistical program of Pimentel & Smith (1990). If 
ANOVA assumptions were not met, they were analysed 
using nonparametric analyses of variance such as the 
Kruskal-Wallis (KW 123), or the Randomization (RANT) 
tests. 

Results 

Neogregarine identification 

The dimensions (length and diameter) of the amber 
neogregarine spores from male and female butterflies of 
NBSP and PRS winter sites were similar to those reported 
by McLaughlin & Myers (1970) (Table 1). The spore 
measurements from the butterflies of both winter sites did 
not differ significantly between the sexes or localities 
(F =0.76; P =0.52, d.f. = 1). Observations of dissected 
and Giemsa-stained tissues of butterflies with external 
spores showed no micronulear or macronuclear meronts 
or spores in their internal tissues (i.e. the alimentary canal, 
Malpighian tubules and fat bodies). Infection seemed 
to be limited to the hypodermal cells as described by 
McLaughlin & Myers (1970). Based on spore morphology, 
host, and spore location on the host's body, we deter- 
mined that the protozoan was 0.elektroscirrha. 

Distribution of spores on the body of the insect 

The spore distribution on the bodies of male and female 
butterflies was not significantly different and was sub- 
sequently pooled and treated as one group. The rank 
mean of the spores recovered from the head of the butter- 
flies was significantly less than those of the wing, thorax 
and abdomen (Table 2). Although no significant segre- 
gation was detected among the rank means of the thorax, 
wings and abdomen, Kruskal-Wallis trend analysis indicates 
that the abdomen had a higher concentration of spores 
(H = 29.04, P <0.01, d.f. = 1, Table 2). A similar trend 
was depicted for the spore distribution just on the abdomen. 
The spore numbers increase in density towards the pos- 
terior third of the abdomen (H =4.97, P < 0 . 0 5 ,  d.f. = 1, 
Table 2). 



Table1. Mean fSD measurements of spores from scales of female and male monarch butterfies 
collected from two California winter populations. 

Locality 

Natural Bridges 

Pismo 

0.elektroscirrha* 

n Sex Length (pm) Diameter (pm) 

50 Male 14.0f0.1 9.0 f0.1 
50 Female 14.0f0.1 8.0 & 0.1 

50 Male 13.0f0.1 9.0 f0.1 
50 Female 14.0f0.1 9.0 f0.1 

100 not stated 14.0 2 0.7 8.8 0.5 

* Measurements from McLaughlin & Myers (1970). 

Table 2. The distribution of Ophryocystis elektroscirrha spores on the monarch 
butterfly's body. Total sample size is 24; mean ranks and variance presented for body 
regions and mean and SE for abdominal spore counts. 

Body region Mean ranks* Variance Mean SE 

Head 22.6" f103.9 (2,940 2 1,040)' 
Thorax 5~0.8~ f10,328.5 (33,375 f10,370) 
Wings 53.3b f10,879.8 (36,375 2 10,645) 
Abdomen 67.4b 2 123,354.5 (167,980 f35,845) 

Abdomen 
Proximal third 33,730 3 9,335 
Middle third 
Distal third 

50,0002 12,375 
84,250 * 18,960 

* Randomization test; value with different letter in a column is significant at 
P<0.05.
'Mean and SE of original data. 

Survival of spore-laden butterflies under laboratory 
conditions 

The frequency of individuals with abdominal spores of 
0 <500 spores, 500-50,OOO and >50,000 collected during 
December, January and February showed that it did not 
vary significantly (F=0.00, P = 1.00, d.f. 2; Table 3) 
during those months. 

Butterflies held at 10.1"C *O.lSE and 78.3% r.h. 20.6 
SE had significantly lower rates of body moisture loss 
(RBML) (calculated by subtracting the freeze dried weight 
from the wet weight and dividing the result by the number 
of days the butterfly survived) than butterflies held at 
19.1"C +-0.4SE and 44.9% r.h. *1.5SE (0.0220.00SE 
v. 0.04*0.0SEg/day; F=42.23, P<O.01, d.f.= 1). 
At 10.1"C and 78.3% r.h., butterflies with detectable 
spores survived as long as those without detectable 
spores (19.78 * 0.36SE v .  19.19 2 0.31 SE days; F = 1.37, 
P = 0.24, d.f. = 1) and did not differ significantly in 
the RBML (0.02 ? 00SE v .  0.02 * 0.02 SE g/day; F =0.03, 
P = 0.87, d.f. = 1). The butterflies survived significantly 
longer on honey water or water diet than without liquid 
(19.79 2 0.04SE and 20.17 * 0.38SE v. 18.25 * 0.43SE 
days; F=6.16, P <0.01, d.f. =2).  

Table 3. Three frequency categories of monarch butterflies 
with Ophryocystis elektroscirrha spores collected in Dcccmber 
1990 and January and February 1991 from Pismo Ranger Station, 
California. 

Spore Categories 

Month 0<500 500-50,OOO >50,000 

December 34 45 1 1  
January 34 39 17 
February 30 42 18 

The infected butterflies held at 19.1"C and 44.9% r.h. 
showed significantly higher rates of body moisture loss 
(0.04200SE v .  0.03+0.00g/day; F=8.78, P<0.01. 
d.f. = 1) than those without detectable abdominal spores 
(0<500 spores). The rates of body moisture loss was not 
different for butterflies with 500-50,OOO spores and those 
with >50,000 spores (Table 4). Individuals with greater 
numbers of abdominal spores (>50,000) had a signifi-
cantly shorter survival period than those without detectable 



Table 4. The relationship of number spores on the abdomen to 
the rate of body moisture loss and to the longevity of the monarch 
butterflies held at 19.1"C 20.4SE and 44.9% r.h. 21.5SE for 
21 days. 

Rate of body 
moisture loss Longevity 
W a y )  (days)

No. of abdominal 
spores n Mean* SE Mean* SE 

0<500 94 0.03a 20.00 16.4" 20.7 
500- 50,ooO 123 O.Mb 20.00 14.0ah 20.7 
>50,000 53 0.05b 20.01 12.4b 21.0 

* Value followed by a different letter is significant at P <0.01. 

(400) spores (12.38 2 1.02 SE days v .  16.42* 0.68SE 
days; F = 5.92, P <0.01, d.f. =2; Table 4). 

At 19.1"C and 44.9% r.h., insects fed honey-water 
mixture did not differ significantly from those fed deionized 
water in their rate of body moisture loss. Both groups, 
however, had a significantly lower rate of moisture loss 
than those provided no liquid (0.02 200 SE and 0.03 2 0.00 
v .  0.07 2 0.00; F = 48.50, P <0.01, d.f. 2). The female 
butterflies had a significantly greater rate of body moisture 
loss than the males (0.05 * 0.01 SE g/day v .  0.03 * 0.00 
SE g/day; F = 10.7, P <0.01, d.f. l),  but this difference in 
moisture loss was not related to their longevity (14.08 2 
0.64SE days v .  14.99i0.62SE days; F =  1.05, P=O.31, 
d.f. 1). 

Seasonal prevalence of infection 

Neogregarine spores were detected on a high percent- 
age of overwintering butterflies collected from both winter 
sites. Butterflies collected from NBSP had detectable in- 
fection rates of 66.7% *6.2SE for females and 68.3% 
L7.OSE for males. At PRS, 55.0% i8.8SE of the female 
butterflies and 53.3% 23.3 SE of the males were infected. 
Although butterflies from NBSP had a higher proportion 
of infected individuals than PRS, the infection rates at 
both winter sites were not significantly different (F = 0.93, 
P = 0.55, d.f. = 3).Similarly, the average number of spores 
detected on each male and female (>500) within and be- 
tween winter sites was not significantly different (F =0.61, 
P=O.61, d.f. = 3; 50,450 +- 15,150SE for females and 
51,150 2 11,550SEfor males at NBSP; 46,100 +- 13,500SE 
for females and 72,850 i17,500 SE for males at PRS). The 
proportion of the sexes and the general population carrying 
spores at both winter populations remained relatively 
constant during the 3-month survey. 

Butterflies with neogregarine spores had similar fore- 
wing lengths as those without detectable body spores 
(50.0mm20.14SE v .  50.3mm?O.l7SE; F =  1.82, P =  
0.18, d.f. = 1). 

Discussion 

Although a high percentage of monarch butterflies were 
infected with 0.elektroscirrha under natural conditions, 
the protozoan is not a significant mortality factor. Under 
laboratory conditions of 10.1"C and 78.3% r.h., butterflies 
with detectable spores survived just as long as those 
without detectable spores. These conditions were similar 
to the average temperatures and relative humidities as- 
sociated with trees on which the butterflies aggregated 
during the same three survey months (10.3"C; 77% r.h. 
and 10.1"C; 80% r.h. for NBSP and PNB, respectively). 
The rates of moisture loss between butterflies held at 10°C 
and 78% r.h. were significantly less than those held at 
19.1"C and 44.9% r.h. Perhaps the reason for the high 
survival rate of protozoan infected individuals during 
the winter months may be attributed to the cool, moist 
conditions that exist in the winter grove. Overwintering 
butterflies are often found in groves associated with the 
coastal fog belt and aggregate on selected trees that offer 
shelter from gusty winds and direct sun (Frey et al . ,  1992; 
Leong, 1990; Leong et al . ,  1991). 

At conditions of 19.l0C, 45% r.h., butterflies with 
detectable body spores showed a significantly greater rate 
of moisture loss and a shorter longevity than those with 
nondetectable body spores. The results suggest that the 
integument of butterflies with detectable spores may have 
been altered due to the neogregarine infection of the 
hypodermal cells. Since the hypodermal cells are respon- 
sible for the integument of the insect, conceivably the 
cuticle of infected butterflies is modified to allow greater 
evaporation rate resulting in a shorter survival rate. The 
degree of integument change, however, is not associated 
with the number of spores recovered from the affected 
butterflies, because the rates of moisture loss are the same 
for individuals with 500-50,OOO or with >50,000 spores. 
Possibly, any cuticular disruption that allows body mois- 
ture losses greater than 0.05g/day will be detrimental to 
the butterflies. Such individuals may die shortly after 
emergence or die while migrating to their winter sites. 
Although there are no differences in the rates of body 
moisture loss between individuals with 500-50,000 and 
>50,000 body spores, the latter seems weaker since their 
longevity is shorter than butterflies of the former category. 
McLaughlin & Myers (1970) postulated that affected in- 
dividuals are weaker and our results seems to support 
their hypothesis. 

The complete life cycle of 0.elektroscirrha has not 
been established, but the concentration of spores on the 
abdominal scales, particularly on the posterior third, 
suggests two probable methods of transmission: horizontal 
and vertical (Andreadis, 1987). The transfer of spores from 
infected male to healthy female during mating (horizontal 
transmission) seems likely. This type of venereal transfer 
occurs with other pathogens, e.g. viruses (Zelazny, 1976; 
Martignoni & Milstead, 1962), bacteria (Bucher, 1963), 
protozoa (Brooks, 1988) and nematodes (Simmons & 
Rogers, 1990). Infected and/or contaminated females 
undoubtedly transmit the pathogen vertically as a result 



of transovum transmission. Infected adults may also con- 
taminate the food source and the healthy larvae may 
consume the spores. Significant larval to  larval transmission 
does not occur because no spores are produced until the 
pupal stage. Larvae upon hatching, however, may con- 
sume the spores on the chorion. Other spores may be 
defecated, contaminating the leaves, and may serve as a 
potential source of infection for healthy larvae. 
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