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Abstract: T h e  effects on  i t f fec t iv i ty  by p r e p a r a s i t i c  Romanomermis culicivorax r e s u l t i n g  f r o m  
f o u r  e x p o s u r e  t imes  to f o u r  c o n c e n t r a t i o n s  of o x y g e n  a t  t h r e e  t e m p e r a t u r e s  w e r e  s t u d i e d .  L o w  
o x y g e n  (1.8 a t td  3.1 r a g / l i t e r )  s lowed  losses of i n fec t iv i ty .  Losses  of i n f e c t i v i t y  were  s i m i l a r  u n d e r  
a e r o b i c  (6 r a g / l i t e r )  a n d  r a i c r o a e r o b i c  (0.4 r a g / l i t e r )  c o n d i t i o n s  for  the  first  24 h b u t  t h e r e a f t e r  
w e r e  s l ower  in  t he  r a i c r o a e r o b i c  g r o u p .  No  i n t e r a c t i o n s  b e t w e e n  t e m p e r a t u r e  a n d  o x y g e n  were  
f o u n d  ove r  t h e  r a n g e s  t e s t ed  (15-27 C; 0.4-6.0 r a g / l i t e r ) .  Key Words: M e r m i t h i d  n e m a t o d e s ,  
m o s q u i t o e s ,  Culex pipiens, anoxyb ios i s .  

Since Rornanomermis culicivorax Ross 
and Smith (14) is used increasingly in mos- 
qui to management  programs, there is an 
urgent  need to know more about  the ways 
in which physical envi ronment  affects the 
infectivity of this mermi th id  nematode so 
that  it can be used more effectively. Previ- 
ous studies on densi ty-independent  factors 
have dealt  with the effects of tempera ture  
(2, 7, 10) and salinity (3, 10) on the infec- 
tivity of this nematode.  T h e  present study 
concerns the effects of oxygen concentra- 
tions that  might  be encountered in fresh 
and polluted waters on infectivity as meas- 
ured by recovery of the postparasitic stage. 

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

R. culicivorax was propagated  in a hy- 
brid strain of autogenous Culex pipiem 
Linnaeus (12). Preparasitic nematodes were 
obta ined from sand cultures as described 
previously (2). 

A factorial exper iment  was designed to 
determine the effects of four exposure times 
to four oxygen concentrations at three tem- 
peratures on the infectivity of R. culicivorax 
for C. pipiens. There  were four replications 
at each t rea tment  level. Each exposure 
period was repeated twice, each t ime on a 
different day. 

All t rea tment  replications were con- 
ducted in 300-ml BOD bottles. Wate r  with 
the three lowest levels of oxygen was ob- 
tained from an oxygen-fractionating column 
constructed of plexiglass similar to that  
described by Fry (4). Wate r  with the high- 
est oxygen concentrat ion was obta ined by 
bubb l ing  air through tap water  in a 24-liter 
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polyethylene bucket  for 20 rain and allow- 
ing the water to stand for 12 h. T h e  bottles 
were filled by s tandard methods (1). Im- 
mediately after each bott le  was filled, its 
oxygen concentrat ion was measured with 
an oxygen electrode (Beckman Fieldlab 
oxygen analyzer) which had been zeroed in 
a s tream of ni t rogen and  calibrated with 
the Winkler-Azide t i t rat ion method  (Hach 
Chemical Company).  One drop of 1% 
sodium thiosulfate was then added to the 
water at the bo t tom of each bott le  to re- 
move any remain ing  chlorine. T h e  bottles 
were stoppered and placed at the appropr i -  
ate temperatures  for 12 11, and the oxygen 
concentrat ion then measured again. Pre- 
parasites (150 -+- 20) were then injected 
with a 1-ml plastic syringe with an 18-gauge 
needle into the water at the bo t tom of each 
bottle. T h e  bottles were placed at the three 
temperatures  for specified exposure times. 
Upon  complet ion of exposure, the oxygen 
level in each bott le  was measured and the 
contents of the bott le were poured into a 
500-ml polystyrene cup containing (30 ± l) 
first-instar C. pipiens in 50 ml  of water. T h e  
mosquitoes were fed and reared at 27 C for 
10 days as described previously (2). After 
10 days, the postparasites and adul t  mos- 
quitoes in each container  were counted. 

Included in each exper iment  were zero- 
t ime controls consisting of eight replicates 
of 150 preparasites and 30 mosqui to larvae 
in 350 ml tap water  (oxygen = 5-7 rag/ l i ter)  
at 27 C. 

T h e  exposure periods run  on the two 
different days were averaged. T h e  zero-time 
controls were used to calculate a postpara- 
site recovery index (RI) for the experiment .  
This  was calculated in a manner  similar to 
Petersen's Susceptibility Index  (11). T h e  
number  of postparasites recovered in each 
replicat ion was divided by the mean num- 
ber of postparasites recovered in the 
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zero-time-control replicates at that  exposure 
period: 

mean number  of postparasites 
R I  recovered per t rea tment  

= x 100 
mean number  of postparasites 

in control 
Results were analyzed by analysis of 

variance and Duncan 's  nmlt iple-range test 
(15). 

TABLE 1. Effect of aging at four  concentrations 
of oxygen and subsequent  infectivity of Roman-  
omermis culicivorax (averaged over 15, 21, and 
27 C). x 

Post- 
parasi.tes 

Oxygen recovered 
Exposure con- (mean ± 

period centration standard 
(h) (rag/liter) deviation) R F  

R E S U L T S  

T h e  average concentrat ion of oxygen 
present when the preparasites were added to 
the BOD bottles in all experiments  was used 
for analyzing the data. These concentrations 
( 2  standard deviation) were 0.4 ( 2  0.15), 
1.8 ( 2  0.18), 3.1 ( 2  0.20), and 6.0 ( ~  0.60) 
rag/l i ter .  Oxygen decreased slightly in some 
of the bottles dur ing  the exposure periods, 
bu t  never more than 0.3 mg/ l i ter .  

For the experiments  conducted on the 
various days, recovery of postparasites in 
the zero-time controls ranged from 36 to 
46% (Table  1) of the preparasites added, 
which was similar to the variat ion in infec- 
tivity found in previous studies (2, 3). 

Analysis of variance showed that  differ- 
ences occurred between the overall means 
of the four oxygen levels and between the 
four exposure periods. Also evident  was a 
significant oxygen-exposure interaction. No 
differences or interactions occurred with 
respect to the 3 temperatures,  so in subse- 
quent  comparisons the data for each 
exposure time at different temperatures  
were combined. 

Nematodes retained their  infectivity 
bet ter  at oxygen concentrations of 1.8 and 
3.1 mg/ l i t e r  than at 0.4 and 6.0 mg/ l i ter ,  a 
difference which increased with increasing 
exposure (Table  1). The re  were no signif- 
icant differences in infectivity between 1.8 
and 3.1 mg/ l i ter .  At 12, 24, and 36 h, in- 
fectivity was lower at the lowest level of 
oxygen tested than at the two in tenuedia te  
levels but  greater than at 6.0 mg/ l i te r .  
These  data are significantly different from 
each other at both 12 and 36 h. T h e  data 
showed a general though not statistically 
significant trend toward decreased recovery 
of nematodes with longer exposure (24 and 
36 h). 

When  the data f rom Tab le  1 were 
plot ted as individual  curves for each tern- 

6 0.4 61 ± 24 88 cdef z 
1.8 71 + 16 107 ab 
3.1 77 + 18 111a 
6.0 6~4 ± 23 91 bcde 
Control  69 ± 10 - -  

12 0.4 53 ± 22 81 defg 
1.8 66 + 15 101 abc 
3.1 71 ± 17 108ab 
6.0 40 + 18 61 h 
Control  66 ;± 13 - -  

24 0.4 60 ± 26 69 gh 
1.8 69 ± 41 79 efg 
3.1 73 ± 35 81 defg 
6.0 54 ± 41 56 h 
Control  54 ± 22 - -  

36 0.4 39 ± 15 72 fgh 
1.8 52 ± 18 95 abcde 
3.1 54 ± 17 98 abcd 
6.0 8 ± 13 14i 
Control  56 ± 20 - -  

xlnfectivity was measured by recovery of postpara-  
sites. Each point  is the mean of 12 replicates with 
150 preparasi tes/replicat ion.  
rRI  = Recovery Index = 
mean n u m b e r  of postparasites recovered/ t reatment  

mean number  of postparasites in control 
x 100 

zValues followed by the same letter are not signif- 
icantly different from each o ther  at the 5% level of 
confidence by Duncan's  mult iple-range test (15). 

perature  (Fig. l), general parabolic  trends 
were seen, with much over lapping of the 
parabolas for exposures at 15 C and 21 C, 
and a complete separat ion of the parabolas 
at 6 and 12 h from those at 24 and 36 h at 
27 C. T h e  separat ion of the curves for the 
longer from the shorter exposures began to 
be apparen t  at 21 C, with complete separa- 
tion of the longer (24 and 36 h) from the 
shorter exposure times (6 and 12 h) occur- 
r ing at 27 C, and propor t ional ly  less 
postparasite recovery at the long exposure 
times. 

DISCUSSION 

Of the three temperatures  tested, one 
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FIG. 1. Recovery index for Romanomerm# culicivorax after four different exposure periods of prepara- 
sites to four levels of oxygen at three temperatures. Each point is the mean of four xeplicates with 150 
preparasi.tes/replica tion. 

(15 C) was below the o p t i m u m  range for 
infectivity and development  of this nema- 
tode, and two (2l and 27 C) were within 
it (2, 6, 7). These  temperatures  were chosen 
as representative of temperatures  encoun- 
tered in field studies with R. culicivorax. 
Nevertheless, no significant interactions of 
tempera ture  with oxygen were found. T h e  
results repor ted were due mainly  to the 
effects of oxygen, which were independent  
of tempera ture  effects. 

T h e  oxygen levels were chosen to rep- 
resent the range commonly  found in fresh 
and polluted waters where R.  culicivorax 
might  be used. T h e  Nat ional  Technical  
Advisory Commit tee  (17) has stated that  
dissolved-oxygen concentrations should be 
above 5 mg / l i t e r  for a diversified warm- 
water  biota. Dissolved oxygen in water  
bodies with much  organic product ivi ty 
often fluctuates widely in response to bio- 
logical activity. Streams with large loads 
of organic mater ial  may have oxygen- 
consuming reactions that  deplete oxygen to 
near  anaerobic levels (5). 

These  experiments  have shown that  
populat ions of R. culicivorax preparasites 
can survive low levels of oxygen for at least 
36 h with most individuals remain ing  in- 
fective. Since most  bodies of water  do not  
have prolonged periods of low oxygen, low 

levels of oxygen will not  seriously hinder  
use of this nematode  and might  actually be 
beneficial by prolonging its infective period. 
Preparasit ic nematodes could be stored, if 
necessary, for at least 36 h at low levels of 
oxygen before being appl ied in the field. 

T h e  physiological mechanisms that  con- 
t r ibute to survival in environments  of low 
oxygen include energy f rom fermentat ive 
metabolism, reduced metabolism, and abil- 
ity to use oxygen under  very low part ial  
pressures (16). Since R. culicivorax retains 
almost 100% of its infectivity after 36 h of 
exposure at low (3.1 and 1.8 mg/ l i te r )  levels 
of oxygen, we suggest that  the nematode 
enters a quiescent state of reduced metabol-  
ism under  these conditions. I t  is improbab le  
that  quiescent R. culicivorax would pene- 
trate mosqui to larvae, a l though the actual 
infective ability of R.  culicivorax at low 
oxygen levels has not  yet been determined.  
C. pipiens larvae could not  be tested under  
the conditions used in these experiments  
since they became inactive wi thin  5 rain in 
BOD bottles. Numerous  other  authors have 
found that  the activity of certain nematode  
species decreases with lack of aerat ion and  
that  activity resumed upon  re turn  to higher 
oxygen levels (8, 9, 16). 

T h e  infectivity of R. culicivorax differed 
little between microaerobic  conditions (0.4 



Romanomermis culicivorax-Oxygen Effects: Brown, Platzer 113 

mg O~/liter) and aerobic conditions for the 
first 6 h, but thereafter was greater (signif- 
icant at 12 and 36 h) under microaerobic 
conditions, suggesting a beneficial effect 
probably mediated by the quiescent state 
(as in the intermediate groups). Van Gundy 
et al. (18) found that populations of 4 
species of plant-parasitic nematodes were 
significantly reduced at 0% oxygen but 
tolerated low oxygen concentrations for 
several days. 

The  two nonparasitic life-cycle stages of 
R. culicivorax differ significantly in habitat. 
Preparasites characteristically swim close to 
the surface, where levels of oxygen are likely 
to be high, whereas postparasites live at the 
bottom of pools, which are likely to be 
anaerobic or microaerobic at times. Pre- 
l iminary biochemical evidence indicated 
that the postparasitic larval stage was able 
to function metabolically under anaerobic 
conditions (13; J. Imbriani, personal com- 
munication). Physiological investigations 
will be required to determine the metabolic 
adaptations o~ the preparasitic stages. 
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