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Abstract: D e v e l o p m e n t  o f  p o s t p a r a s i t e s  a n d  a d u l t  f e m a l c s  o f  Romanomermis culicivorax R o s s  
a n d  S m i t h ,  1976 m a y  b e  r e t a r d e d  b y  k e e p i n g  c u l t n r e s  a t  l 0  o r  15 C f o r  15 wk .  S t o r a g e  a t  5 C 
r e s u l t e d  in  h i g h  m o r t a l i t y  of p o s t p a r a s i t e s .  A s t o r a g e  t e m p e r a t u r e  o f  l 0  C is s u i t a b l e  i f  d e v e l o p -  
m e n t  o f  p o s t p a r a s i t e s ,  y o u n g  a d u l t s ,  a n d  g r a v i d  f e m a l e s  is to  b e  g r e a t l y  r e t a r d e d .  N o n e  o f  t h e  
females were gravid when postparasites (1~ days old) were kept at 10 C for 15 wk. Development 
resumed after the cultures were returned to 26 C and no significant mortality occu.rred. A 
storage temperature of 15 C is suitable if development is to be only moderately retarded. After 
a 15-wk storage period, only a few weeks were required to return the cultures to full production 
status. Key words: Romanomermis culicivorax, low temperature storage, mosquito parasite. 
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Romanomermis  culicivorax Ross and 
Smith, 1976 is a promising biological con- 
trol agent  and can be readily mass produced 
(10,13). I t  has been used to control different 
species of mosquitoes in a variety of field 
experiments  throughout  the world (3,8,9, 
11,16). Petersen and C h a p m a n  (7) repor ted  
17 mosqui to species as natural  hosts of this 
mermi th id  and 33 species of mosquitoes ex- 
posed by field applications. If  the mermithi t l  
becomes established it may cont inue to con- 
trol mosquitoes for an indefinite period (12). 

T h e  use of R. culicivorax in mosqui to  
control programs requires vast numbers  of 
preparasites. This  can be achieved by adjust- 
ing product ion of postparasites to precede 
a field release by 11-12 wk (13). 

T o  date there has been no practical way 
to store the mermi th id  culture beyond the 
time required to complete  the life cycle. 
Petersen (5) reported total yields of pre- 
parasites (up to six floodings at 3-4-wk 
intervals) to be highest when cultures were 
flooded for the first t ime at 8-10 wk of age. 
A negative regression in preparasi te  yield/  
week was observed with later floodings and 
no parasites were obtained from cultures 
36 wk of age. Galloway (2) also repor ted  a 
decreased first-flooding hatch after the cul- 
tures reached 10 wk of age; the hatch de- 

Received for publication 8 September 1981. 
JP.O. Box 943, Perth,  New Brunswick. Repr in t  requests 

should be directed to R. A. Brust. 
'-'Department of Entomology, University of Manitoba, 

Winnipeg,  Manitoba. Canada R3T 2N2. 
The  research support  of the National Science and En- 

gineering Research Council grant  2545 and an Agricnltnre 
Canada grant  6068 to RAB is gra tef , l ly  acknowledged. We 
thank Dr. Blair Helson for his important  contribution to 
preliminary studies. 

386 

creased rapidly thereafter  to only 10% of 
the 10-wk level after 23 wk. 

Storage of one or more stages of the 
mermi th id  culture, even for a few months,  
would greatly facilitate the appl icat ion and 
commercial  use of this organism in mos- 
qui to  control. We repor t  here the effect of 
constant temperatures  (5, 10, 15, and 20 C) 
on postparasites and adult  mermithids  over 
a period of 15 wk. 

M A T E R I A L S  AND M E T H O D S  

T h e  R. cuIicivorax colony was originally 
obtained from Dr. J. J. Petersen, Gul f  Coast 
Mosquito Research Laboratory,  Uni ted  
States Depar tmen t  of Agriculture, Lake 
Charles, Louisiana,  and main ta ined  in our  
laboratory since 1973. Rear ing  methods 
were similar to those described by Petersen 
and Willis (10). About  1,800 preparasites 
were exposed to 300 one-day-old larvae of 
Culex quinquefasciatus Say (6:1 ratio) in a 
plastic pan, 33 × 23 × 6 cm, containing 1 
liter of chlorine-free tap water. T h e  larvae 
were reared at 27 -+- 1 C and a photoper iod  
of 16 L:8 D. Larvae were fed liver powder  
daily. After 5-6 days, all mosqui to  larvae 
were placed in a nematode-collecting tray 
and emerged postparasites were removed at 
four selected intervals. Postparasites were 
sexed using the characters described by Tsai  
and G r u n d m a n n  (15). 

In  order to test survival of postparasites 
and adul t  nematodes,  and the gravid state of 
females, we placed postparasites at constant 
temperatures  of 5, 10, 15, and 20 C for 15 
wk. 

Since postparasites take a m i n i m u m  of 
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8 days to reach the adu l t  stage at 26 C, we 
divided the postparasi t ic  stage in to  four  age 
groups:  24 h (12-24 h), 48 h (36-48 h), 96 h 
(84-96 h), and  144 h (132-144 h) old at the 
beg inn ing  of  the expe r imen t  (range in 
hours in parentheses).  Five replicates of  

each age g roup  were placed at each of  four  
tempera tures  (5, 10, 15, and  20 C). Each  
repl icate  consisted of  25 male  and  25 female 
postparasi tes in screw top  glass jars, 50 x 55 
ram, filled wi th  50 g of  moist  silica sand. 
T h r e e  of the five replicates per  t empera tu re  
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Fi~s. 1-4. Mean percent survival of four age groups of male Romanomermis culicivorax postparasites 
expom~.d to four different temperatures for 15 wk. 1) 24 h ohl. 2) 48 h old, 3) 96 h old. 4) 144 h old. 
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and  age g r o u p  were  e x a m i n e d  a l t e r  4, 6, 9, 
12, and  15 wk to d e t e r m i n e  the  pe r cen t  sur- 
vival ,  and  the n u m b e r s  m o l t e d  a n d  gravid .  
Scor ing  was ( lone at  23 C in the shor tes t  
poss ib le  t ime  and  each  r ep l i ca t e  was re- 
t u r n e d  to its respec t ive  t e m p e r a t u r e .  T h e  
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Figs. 5-8. Mean percent survival of four age groups of female Romanomermis culcivorax postparasites 
exposed to four different temperatures for 15 wk. 5) 24 h old. 6) 48 h old. 7) 96 h old. 8) 144 h old. 
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an additional 3 wk. Snrvival was very low 
for all age groups at 5 C and observations 
were terminated at 15 wk. 

A two-way analysis of variance was used 
to test the significance of the treatments, 
and part i t ioning of the sum of squares was 
used to determine the amount  of variation 
due to age and temperature treatments (14). 
An arc sine transformation (1) was used in 
ANOVA of percent females molting during 
the 15 wk exposure to four different tem- 
peratures, and the percent females reaching 
the gravid stage after 15 and 18 wk. 

RESULTS 

Postparasite survival over the 15-wk 
period was high at 10, 15, and 20 C for all 
four age groups and both sexes, but  ex- 
tremely low at 5 C (Figs. 1-8). Most of the 
significant variation was due to the 5 C 
treatment (P < 0.05), but  was not specified 
further. Survival in each age group did not 
differ after 15 wk at 10, 15, o1" 20 C. 

The  development rate, determined by 
mean percent of the postparasites molt ing 
to adults, was directly related to storage 
temperatnre. At 5 C, no male or female 
juveniles had molted by 15 wk and survival 
was very low. Females developed more 
slowly than males at 10 C (Figs. 9-12 vs. 
Table  I). By 15 wk, 8% and 52% of the 
48-h and 24-1l females, respectively, had not 
yet molted, whereas nearly all males of all 
age groups had reached adul thood during 
the same time period. At 15 and 20 C, all 
juvenile of both sexes had molted to adults 
by 6 and 4 wk, respectively. 

From an analysis of tim data on molt ing 
of female postparasites, there was significant 
variation among temperatures (P < 0.05), 
and age groups (P < 0.05), and significant 
interaction between treatments (P < 0.05). 

Two significant effects were evident. At 
10 C, fewer 24-h and 48-11 females molted 
than at 15 or 20 C (F = 976.2, P < 0.01, 
dd. 1, 24). At 10 G, fewer 24-h females 
molted than 48-h ones (F = 405.4, P < 
0.001, d.[. 1, 24). No other significant effects 
were found (F = 0.66). 

The  mean percentage of surviving gravid 
females in all treatments is shown in Figs. 
13-16. Females kept at 20 C became gravid 
more rapidly than at the lower tempera- 
tures. A significant variation due to tem- 
perature was noted. ~¥hen 10 and 15 C was 
compared to 20 C, 91% of the variation was 
accounted for (F = 765.8, P < 0.001, d.f. 1, 
24). When 10 C was compared to 15 C, the 
remaining 9% of the variation was ac- 
couutetl for (F = 79.4, P < 0.001, d.f. 1, 24). 
At 20 C, 70-85% of the females of all age 
groups were gravid by 15 wk; 15-25% of 
the females of all age groups at 15 C and 
none of the females at 10 C were gravid by 
15 wk. Not  included in the data for percent 
mean gravid females at 20 C are females 
that completed oviposition prior to count- 
ing. T h e  96-h and 144-h females began to 
oviposit after 6-9 wk. Hence at 9, 12, and 
15 wk at 20 C, the percent gravid should be 
higher. After 4 wk at 20 C, prior to any 
egg laying, a significant variation due to age 
was noted. Approximately 28% of the fe- 
males in the 24-h and 48-h age groups were 
gravid, while older females were more than 
50 % gravid. 

Th e  nematodes from 10 and 15 C were 
returned to 26 C and subjected to a 3-wk 
post-treatment period. Male and female 
postparasites developed rapidly, and 100% 
molted within 3 wk. Mortality dur ing the 
3-wk post-treatment period ranged from 
4 to 35% but did not  differ significantly 
(P > 0.05) among sexes or treatments. 

Table 1. Mean percent (three replicates) of male Romanomermis culicivorax postparasites molting to 
adults after storage at 10 and 15 C for up to 15 wk. 

Age of postparasites at 
beginning of treatment (h) 

Storage period (wk) 
4 6 9 12 15 

10 C 15 G 10 C 15 C 10 C 15 G 10 G 15C- 10 G 15 C 

24 0 97 5 100 5 100 50 100 82 100 
48 2 100 17 100 89 100 94 100 100 100 
96 14 100 79 100 100 100 100 100 100 100 

144 85 100 100 100 100 100 100 100 100 100 
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males, from postparasites exposed to 15 C 
for 15 wk and to 26 C for 3 wk, is shown in 
Figure 18. There  was no  difference in the 
percent gravid among the four age groups 
exposed to 15 C. Nearly all became gravid 
within 15 wk. 

None of tile adult  females kept at 10 C 
became gravid dur ing the 10 C exposure. 
However at 26 C, 95% of the 144-h females 
became gravid, 65 % of the 96-h group, 32 % 
of the 48-h group, and 25% of the 24-h 
group (Fig. 17). T h e  percent gravid re- 

0"2[ "~, 8 ~1:0 ~'2 14 16 C) 4 ~ 8~1:0 1"2 I'4 ~1:6 
11 T I M E  (wks) 12 T I M E  (wks) 

Figs. 9-12. Mean percent molting in four age groups of female l~omanomermis culicivorax postparasites 
exposed to four different temperatures for 15 wk. 9) 24 h old. 10) 48 h old. 11) 96 h old. 12) 144 h old. 
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Figs. 13-16, Means percent  female Romanomermis  cultirivorax gravid in four  age groups stored at four  

different temperatures  for 15 wk, 13) 24 h old. 14) 48 h old. 15) 96 h old. 16) 144 Fi ohl. 

An analysis of the variat ion between 
10 C and 15 C for 15 wk, followed by 3 wk 
at 26 C, showed that  the var ia t ion was sig- 
nificant (P < 0.001). T h e  age groups dif- 
fered (P < 0.05), and the interact ion be- 
tween tempera ture  and age was significant 

(P < 0.05). When  age groups at  10 C were 
compared,  the var ia t ion was highly signifi- 
cant (F = 41.8, P < 0.001, d.f. l, 16). 

When  the sand containing nematodes 
exposed to l0 and 15 C for 15 wk, followed 
by 26 C for 3 wk, was flooded with  chlorine- 
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Fig. 17. Mean  percent  of female  Romanomermis 

culicivorax gravid in four  age groups  stored for 15 
wk at 10 C (stars represent  0%) a n d  af ter  3 wk post- 
t r e a tmen t  at  26 C (stippled).  Bars indicate  one 
s t anda rd  deviat ion.  

free tap water for 24 h, preparasites were 
obtained from all four age groups front 15 
C, but  only from the 96-h anti 144-h groups 
at 10 C. 

After 15 wk, the two replicates of four 
different age groups and four temperatures 
were compared with the three replicates 
which had been checked at 4, 6, 9, 12, and 
15 wk. We found no significant difference 
between the replicates handled five times 
and those handled only once. The  percent 
survival, mohing,  and gravid were sintilar 
between the two groups. 

DISCUSSION 

Several criteria must be met for a par- 
ticular set o~ conditions to be judged suit- 
able for storing R. culicivorax: 1) Develop- 
ment  should be greatly retarded. 2) Survival 
during and after storage must be high. 3) 
Following storage, development  (i.e., molt- 
ing), mating, female fecundity, hatching of 
eggs, and infectivity of preparasites should 
not be adversely affected. 

AGE OF POSTPARASITES 

PLACED [N STORAGE (h) 
Fig. 18. Mean percen t  of  female Romanomermis 

culicivorax gravid in four  age g roups  stored for 15 
wk at 15 C (diagonal  lines) and  af ter  3 wk post- 
t r ea tmen t  at 26 C (stippled).  Ba~rs indicate  one 
s tandard  deviat ion,  

Galloway (2) reported significant reduc- 
tion in preparasite product ion by storing 
10-wk-old cultures of R. culicivorax at 15 C 
for 7 wk. Prestorage product ion levels were 
attained by re turning the culture to 27 C 
for 6 wk. At 23 wk of age, the culture in 
storage produced 10 times the number  of 
preparasites per gram of sand as the culture 
kept  continuously at 27 C, the standard 
method for colony maintenance (5,10,13). 
Petersen (6) examined storage of 4- and 
8-wk-old cultures at 10, 15, and 20, and 26 C 
and found that culture longevity and pre- 
parasite product ion could be increased at 
15 and 20 C. Petersen (6) concluded that 
storage of cultures at l0 C reduced overall 
preparasite product ion from those cultures. 
However his studies were conducted pri- 
inarily with adults and eggs. 

From our  study, a storage temperature  of 
10 C appeared to be best if development  of 
postparasites, adults, and gravid females is 
to be retarded for prolonged periods. None 
of the females were gravid after 15 wk, and 
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l o n g e r  s t o r a g e  m a y  b e  p o s s i b l e  p r o v i d e d  
s u r v i v a l  r e m a i n s  h i g h .  T h e  144-h p o s t p a r a -  
s i tes  a p p e a r e d  to  h a v e  a s l i g h t l y  i n c r e a s e d  
s u r v i v a l  r a t e  a t  10 C as c o m p a r e d  to t h e  24-h  
g r o u p .  T h i s  c o u l d  b e  i m p o r t a n t  i f  l o n g e r  
s t o r a g e  a t  10 C is a t t e m p t e d .  I t  is n o t  k n o w n  
i f  m a t i n g  o c c u r s  a t  10 C. I f  n o t ,  i t  is i m -  
p o r t a n t  t h a t  m a l e s  s u r v i v e  as l o n g  as fe- 
m a l e s .  

A s t o r a g e  t e m p e r a t u r e  o f  15 C is b e s t  i f  
d e v e l o p m e n t  is to  b e  o n l y  m o d e r a t e l y  re-  
t a r d e d .  I t  r e q u i r e s  a s h o r t e r  p e r i o d  ( 3 - 6  
wk)  a f t e r  s t o r a g e  t o  p r e p a r e  t h e  c u l t u r e  f o r  
t h e  p r o t l u c t i o n  o f  p r e p a r a s i t e s  (Fig .  18) 

(2). 
A s t o r a g e  t e m p e r a t u r e  of  20 C d i d  n o t  

r e t a r d  d e v e l o p m e n t  s i g n i f i c a n t l y  i n  a n y  
s tage .  S o m e  f e m a l e s  b e c a m e  g r a v i d  a f t e r  4 
w k  a t  20 C, t h e  s a m e  t i m e  as r e p o r t e d  b y  
P e t e r s e n  (4) for  c u l t u r e s  k e p t  a t  26 C. 
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