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Salts and the Infectivity 
of Romanomermis culicivorax 

B. J. BROWN and E. G. PLATZER ~ 

Abstract: T h e  effects of common inorganic ions found in freshwater on the infectivity of 
Romanomermis  culicivorax and the survival of its host, Culex pipiens, were tested. In general, 
the median lethal concentrations found for R. culicivorax were greater than the reported median 
concentrations of these ions in freshwater bu t  less than the reported m a x i m u m  natural  concentra- 
tions. T h e  ion toxicity for R. culicivorax (on a molar  basis) increased in the following order: 
sodium < potassium < calcium; aml chloride < carbonate = sulfate < nitrate < nitrite < 
phosphate .  T h e  larvae of C. pipiens were generally 20 to 75 times as tolerant of h igher  ion 
concentrations as were the preparasitic stages of R. culicivorax. Key Words: Median lethal 
concentration, ion toxicity, mermi th id  nematodes, mosquitoes, Culex pipiens. 

T h e  development of populat ions of 
pesticide-resistant mosquitoes and ecological 
and economic considerations related to the 
use of pesticides in aquatic environments 
have provided an impetus to the considera- 
tion of natural  control. A vast array of 
mosquito pathogens are known (9), and 
the fungi and mermitifid nematodes hold 
the most promise for natural  control of 
mosquito populations. Currently, the 
mermithids appear  more promising since 
Petersen (12) has mass-reared one species, 
Romanomermis culicivorax Ross and Smith, 
and has demonstrated its efficacy in mos- 
qui to  control. 

T h e  ecology of R. culicivorax needs to 
be understood thoroughly for effective con- 
trol of mosquito populations. Petersen (10, 
11) has initiated studies of the effects of 
both density-dependent and density- 
independent  factors on the biology of R. 
culicivorax. Tempera tu re  effects on the 
infectivity of R. culicivorax (2) were 
recently defined. Petersen and Willis (11) 
have found that natural  infections of /~. 
culicivorax did not  occur in Louisiana 
waters with conductivities greater than 350 
micromhos/cm and that R. culicivorax was 
not infective in sodium chloride solutions 
with concentrations greater than 0.04 M. 
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Further  development of R. culicivorax as a 
biological control agent requires deter- 
minat ion of the tolerance limits of the 
infective stage to salinity derived from the 
various ions common in freshwater. T h e  
present investigation was designed to de- 
termine the effects of common ions found 
in freshwater on the infectivity of R. 
culicivorax for Culex pipiens L. 

MATERIALS AND M E T H O D S  

A representative series of cations and 
anions common in freshwater were obtained 
by prepar ing solutions of 0.01 to 20 g of 
salt per liter distilled water from the fol- 
lowing salts: NaC1, KC1, CaC12, Na~CO3, 
KzCO3, NaNO~, KNO3, Ca(NO~)2, NaNO~, 
KNO~, Na2SO4, K_~SO4, NaH2PO4 KH2PO4, 
and Ca(H2PO4)2. All salts were reagent 
grade. T h e  p H  and conductivity of each 
solution was measured before each 
experiment.  

Romanornermis culicivorax was propa- 
gated in Culex pipiens after procedures of 
Petersen and Willis (12). Used as the host 
for R. culicivorax was an autogenous strain 
of C. pipiens designated by Barr as 24g. 

All test solutions (125 ml) were placed 
in 200-ml polystyrene food containers, and 
20 (-4-1) first-instar larvae of C. pipiens 
were added to each container (3 replications 
per salt concentration). Sixty (±9 )  infective 
larvae of R. culicivorax, obtained by pro- 
cedures described earlier (2), were added to 
each container. T h e  containers were cov- 
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ered and placed in the dark at 27 C. After 
24 h, the infective period was terminated 
by pouring the contents of each container 
into a sieve (180-/~m openings). The  mos- 
quitoes were washed off the sieve, returned 
to clean containers with 125 ml water, fed, 
and left at 27 C for 10 days (2). T h e n  the 
number  of postparasitic nematodes and 
adult  mosquitoes in each container was 
determined. The  percentage of postparasites 
recovered was based on the calculated num- 
ber of preparasitic larvae added (2). 

Four experiments were carried out. Seven 
concentrations (20, 10, 2.5, 1.0, 0.5, 0.25, 
and 0.1 g/liter) of each of the 15 salts were 
used in the first three experiments. There  
were two groups in each experiment: one 
group tested the response of the mosquito 
larvae alone, and the other tested the re- 
sponse of the infective nematode larvae 
and mosquito larvae to the salts. The  fourth 
experiment involved 10 concentrations of 
each salt (10, 5, 2.5, 1.0, 0.5, 0.25, 0.1, 0.05, 
0.025 and 0.01 g/liter). Three  experimental 
groups were studied: the first two were as 
in the first three experiments, and the third 
group tested the infectivity of nematode 
larvae preexposed to the salts for 4 h before 
the mosquito larvae were placed in the 
infection containers. 

The  data from the four experiments 
were pooled, and median lethal concentra- 
tions of the salts for mosquito larvae and 
infective nematode larvae were calculated 
by probit  analysis (3, 4, 5). 

1, January 1978 

RESULTS 

The  salt effects were compared first on 
the basis of the maximum salt concentra- 
tions at which some mosquito survival and 
nematode infections occurred. 

The  salts least toxic to the mosquitoes 
were sodium sulfate and potassium sulfate, 
in which some survival occurred even at 
20,000 mg/ l i ter  (Table 1). The  most toxic 
salts to the mosquitoes were sodium nitrite 
and potassium nitrite, in which there was 
no survival above 1,000 rag/liter.  Mosqui- 
toes survived over a pH  range of 3.4 to 10.5. 
The  maximum conductivity allowing some 
mosquito survival was 20,000 micromhos 
per cm. 

Nematodes retained infectivity, albeit at 
low levels, in 7 salts: sodium chloride, 
calcium chloride, sodium nitrate, potassium 
nitrate, calcium nitrate, potassium sulfate, 
and potassium phosphate, to concentrations 
of 2,500 mg/ l i ter  (Table 2). Infectivity was 
retained over a p H  range of 3.6 to 8.6. The  
highest conductivity at which infection was 
achieved was 4,000 micromhos/cm. 

A comparison of the maximum levels of 
mosquito survival (Table 1) and nematode 
infection (Table 2) showed that in all but  
two salts (potassium nitrite and potassium 
nitrate) the mosquitoes were more salt- 
tolerant than the nematodes (Fig. 1). 

When the maximum levels at which 
infection occurred with mosquitoes and 
nematodes added simultaneously to the salt 

TABLE !. Maximum salt tolerances o1 the first-instar larvae of Culex pit)iens.a 

Concentration 
Salt mg/liter mM pH 

Conductivity 
(micromhos/cm) 

Percent 
survival 

NaC1 10,000 171 5,9 
CaCI~ 10,000 90 6.3 
KCI 10,000 134 6.2 
Na2CO 3 5,000 60 10.5 
K2CO ~ 2,500 24 10.3 
Na2SO 4 20,000 141 6.0 
K2SO 4 20,000 115 5.9 
NaNO 3 5,000 59 5.6 
Ca(NOa) 2 10,000 610 5.9 
KNO~ 2,500 25 5.4 
NaNO 2 1,000 15 6.1 
KNO~ 1,000 12 6.5 
NaHzPO ~ I0,000 83 4.6 
Ca(H~PO4) 2 2,500 11 3.4 
KH2PO 4 10,OO0 74 4.5 

16,000 
12,200 
16,000 
6,800 
3,550 

18,000 
20,000 
5,750 
8,000 
3,050 
1,525 
1,520 
5,200 
1,220 
6,100 

40 
32 
23 
5 
3 
2 
5 

10 
3 

13 
2 
8 

18 
2 
2 

• The maximum salt concentrations at which survival of mosquito larvae occurred. 
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T A B L E  2. M a x i m u m  sal ini ty tolerances of the  preparas i t ic  larvae of R o m a n o m e r m i s  c u l i c i v o r a x .  ~ 

Concen t ra t ion  Conduc t iv i ty  Percent  
Salt rag / l i t e r  m M  p H  (mic romhos /cm)  survival  

NaC1 2,500 43 5.5 4,400 1 
CaCI 2 2,500 23 5.8 3,460 1 
KC1 500 7 5.4 730 5 
Na2CO 3 250 3 8.6 385 1 
K~CO 3 250 2 8.5 370 1 
N a N O  3 2,500 28 5.4 3,030 l 
Ca(NO3) 2 2,500 15 5.7 1,825 1 
KNO 3 2.500 25 5.4 3,050 1 
N a N O  2 500 7 6.4 635 1 
K N O  2 1,000 12 6.5 1,520 1 
Na2SO 4 500 4 5.5 620 7 
K2SO 4 2,500 14 5.5 3,300 1 
NaFI2PO 4 1,000 8 4.7 620 1 
Ca(H2PO4) 2 1,000 4 3.6 630 1 
KH~PO 4 2,500 18 4.5 1,675 3 

• T h e  m a x i m u m  salt  concent ra t ions  at  wh ich  infectivi ty 

solutions were compared  with the m a x i m u m  
infection levels result ing when mosquitoes 
were not added unt i l  the nematodes had 
been exposed to the salt solutions for 4 h, 
no change was found in the m a x i m u m  con- 
centrat ion at which some infection occurred 
for seven of the salts tested (Fig. 2). Four  
hours of previous exposure substantially re- 
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FIG. 1. Compar i son  of the  m a x i m u m  salt  con- 
cent ra t ions  at wh ich  mosqu i toes  survived and  
nematodes  were infective.  Concen t ra t ions  for mos- 
qui toes  and  nematodes  are equa l  for KNO:~ and  
KNO 2. O p e n  bars,  m osqu i t o  survival;  cross ha tch ,  
n e m a t o d e  infectivity; concen t ra t ion  p lo t ted  on a 
logar i thmic  scale. 

occurred.  

duced the m a x i m u m  concentrat ion at which 
the nematodes were infective in the remain-  
ing eight salts [NaCI, CaC12, Ca(NO~) 2, 
N a N O 2 ,  K 2 S O  4, NaH2PO 4, C a ( H 2 P O 4 )  2, and 
KH2PO4]. 

Subsequent data  analysis was based on 
the individual  ions in each salt experiment ,  
so that  the effects of tile counterions could 
be determined (Table  3, 4, Fig. 2-10). All 
calculations were on a mg / l i t e r  basis for 
each ion, so that  average concentrations for 
m a x i m u m  tolerance and median  lethal con- 
centrations could be calculated for each 
series of counterions, e.g., sodium cation in 
the presence of tile 6 anions tested. 

T h e  average m a x i m u m  ion tolerances 
of the mosqui to  larvae were calculated 
(Table  3, 4) but  it was necessary to re- 
calculate the concentrat ion of each ion as a 
molar i ty  to compare  the average effects of 
each ion within  its ion class. T h e  m a x i m u m  
tolerance for cations in order of decreasing 
tolerance was: sodium, 86 raM; potassium, 
63 raM; and calcium, 54 raM. In  the 
median-lethal-concentrat ion series, however, 
the order of calcium and potassium 
changed: sodium, 50 raM; calcium, 19 raM; 
and potassium, 15 mM. T h e  m a x i m u m  
tolerance for anions in order  of decreasing 
tolerance was: chloride, 132 raM; sulfate, 
128 raM; phosphate ,  56 raM; nitrate,  36 
mM; carbonate,  33 raM; and  nitrite, 13 
mM. T h e  order  of carbonate  and nitr i te  
changed in the median-lethal-concentrat ion 
series: chloride, 112 raM; sulfate, 54 raM; 
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T A B L E  3. M a x i m u m  cat ion tolerance and  m e d i a n  le thal  concent ra t ions  for  the  f irst- instar  larvae of 
Culex pipiens. 

A n i o n  M a x i m u m  conc. 
Cat ion presen t  tolerated LCs0 95% CL • 

(mg/ l i ter )  

Na ÷ CI- 3,930 3,230 1,832-16,466 
COa = 1,085 133 58-261 
NO Z 1,355 55 14-109 
NO 2- 333 10 2-20 
SO4 = 3,240 1,244 788-2,463 
H~PO 4- 1,920 572 0-9,717 
m e a n  1,977 1,157 669-4,538 

Ca ++ C1- 3,600 2,129 633-20,000 + 
NO 8- 2,400 69 1-217 
H2PO.~- 428 29 l l - f i0  
m e a n  2,156 742 215-20,000 + 

K + CI- 5,240 2,692 896-20,000 + 
COa = 708 49 15-91 
NO Z 968 145 74-238 
NO 2- 459 35 3-76 
SO Z 4,490 501 210-998 
H2PO 4- 2,870 41 0-161 
m e a n  2,456 644 200-20,000 + 

"Confidence l imits  for m e d i a n  le thal  concent ra t ions .  

T A B L E  4. M a x i m u m  an ion  tolerance and  m e d i a n  le thal  concent ra t ions  for the  f irst- instar  larvae of 
Culex pipiens. 

M a x i m u m  conc. 
A n i o n  Cat ion  tolerated LC.~ 0 95% CL ~ 

mg/ l i t e r )  

C1- Na  ÷ 6,070 4,907 2,782-20,000 + 
Ca ++ 3,200 1,893 563-20,000 + 
K + 4,760 2,445 814-20,000 + 
m e a n  4,677 3,984 2,089-20,000 + 

CO3 = Na + 2,830 348 152-680 
K ÷ 1,085 49 15-91 
m e a n  1,958 212 84-386 

NO Z Na  + 3,645 147 38-293 
Ca ++ 3,780 107 1-336 
K + 1,533 230 117-377 
m e a n  2,986 161 52-335 

NO~-  Na  + 666 20 4-40 
K ÷ 541 41 3-90 
m e a n  604 31 4-65 

SO4 = Na  + 13,520 5,192 3,247-10,278 
K + 11,020 198 83 -395 
m e a n  12,270 2,695 1,665-5,337 

H2PO 4- Na  + 8,080 2,407 0-20,000 + 
Ca ++ 1,036 71 26-120 
K + 7,170 103 0-402 
m e a n  5,429 860 9-13,805 

• Confidence l imi ts  for m e d i a n  le tha l  concent ra t ions .  
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FIG. 2-4. TQlcrance of Romanomermis culicivorax to cation concentrations (mg/l i ter  _ 95% confidence 
limits). Cation ca~ncentrations in freshwater, median (-- -- --) and maximum ( . . . .  ). 2) Sodium. 3) Calcium. 
4) Potassium. A) is the ulaximum tolerance, and B) is the median lethal concentration. 
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phosphate,  8.9 raM; carbonate,  3.5 raM; 
nitrate, 2.1 raM; and nitrite, 0.67 raM. 

T h e  toxicity of cations for the infective ,6oo _ 
larvae of R. culicivorax was altered greatly 1400 
by the anion present. Cat ion toxicity was ,zoo 

lowest in the presence of chloride anions, ~ooo 
and the toxicity was greatly increased in 
the presence of phosphate  or nitri te anions soo ~l 
(Fig. 2-5, 8, 10). Compar ison of tile cation 600 ] effects in Fig. 2-4 showed the same relative 400 
effects of the anions with each cation. In  2 0 o  
general, the median  lethal concentrat ions 
for the infective larvae of the cations and 
anions studied were greater than their levels ~ ?' ~ '* ct 
as repor ted for freshwaters of Nor th  Amer- c A 
ica, though less than the m a x i m u m  .~ 
concentrations found (16) (Fig. 2-4, 9). 

T h e  m a x i m u m  tolerated concentrations *C 
of cations for the infective larvae were 
similar: sodium, 16 mM; calcium, 14 mM; ~ 400[ 

0 200 
and potassium, 13 raM. A different cation o o 
order existed, however, in the median- c 

o 
lethal-concentrat ion series: sodium, 1.04 -~ ~- ~,* 
mM; potassium, 0.74 mM;  and calcium, ,~ c% 
0.42 raM. 2 ooo A 

T h e  m a x i m u m  tolerated concentrations ,0oo - 
of anions for the infective larvae were, in ,600 
order of increasing toxicity: chloride, 24 ~40o 
mM; nitrate,  18 mM; phosphate,  10 mM;  I 
nitrite, 9.5 mM; sulfate, 8.9 mM; and ~zo0 
carbonate,  2.1 raM. On the basis of median  ,ooo 

lethal concentrations, however, a substantial  800 
reordering occurred in calculation of the 60o 
anion order: chloride, 1.9 mM;  carbonate,  
0.85 mM; sulfate, 0.81 mM;  nitrate,  0.44 4°°1 
mM; nitrite,  0.37 raM; and phosphate,  2 0 0 |  
0.12 mM. o k. 

NO 3 DISCUSSION 

In  this investigation, salt tolerances of 
the preparasites were de termined by 
simultaneous exposure of both  preparasites 
and hosts to various salt concentrations for 
24 h. T h a t  procedure appeared  to be a 
satisfactory s imulat ion of field releases of 
preparasi t ic  nematodes into freshwater of 
varying salt content  since the major i ty  of 
the preparasites of R. culicivorax penetrate  
the available mosqui to  hosts wi thin  24 h 
(2, 10) under  laboratory conditions and in 
field studies. 

In  general, the first-instar larvae of C. 
pipiens were more  tolerant  of the salts 
tested than were the infective larvae of R.  
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FIG. 5-7. Tolerance of Romanomermis culicivorax 
to anion concentrations (mg/li.ter ± 95% confidence 
limits). 5) Chloride; concentrations in freshwater, 
median (-- -- --) and maximum ( . . . .  ). 6) Carbo- 
nate; typical concentration in freshwater ( . . . .  ). 
7) Nitrate; typical nitrate concentration in fresh- 
water (-- -- --). A and B as in Fig. 2-4. 

culicivorax. Compar ison of the median  
lethal concentrations for mosqui to and 
nematode larvae showed that, for most  
cations and anions, the mosqui to  larvae 
tolerated ion concentrat ions 20 to 74 times 
those tolerated by the nematode  larvae. T h e  
respective average concentrations of nitrite,  
nitrate,  and carbonate  tolerated, however, 
were only 2, 4, and 5 times those tolerated 
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by the nematode larvae. Wi th  nitr i te in the 
presence of potassium, the median lethal 
concentrat ion for the nematode larvae 
showed a combined deleterious effect on 
both the infective parasite and the host. 
Further  determinat ion of the median lethal 
concentrat ion of ni tr i te  in the presence of 
potassium for the infective larvae would 
require a host with greater tolerance for 
this salt. 

T h e  median concentrations (rag/liter) 
for the ions found in 90% of the fresh- 
waters in Nor th  America are: sodium and 
potassium combined, 10; calcium, 9; and 
sulfate, 32 (16). T h e  maximum concentra- 
tions (rag/liter) found for those ions are: 
sodium and potassium combined, 85; 
calcium, 52; chloride, 170; and sulfate, 90 
(6, 16). A typical lake may contain car- 
bonate at 38 rag/l i ter ,  whereas 1 rag/ l i ter  
is typical for spring water. Nitrate  is found 
in low concentrations (1 rng/liter) in 
normal groundwater,  whereas many water 
supplies contain 14 rag/ l i ter  and feedlot 
runoff may contain 83 mg/l i ter .  Nitr i te  
concentrations are not  listed in the litera- 
ture for natural  waters but  are always lower 
than the nitrate concentrations in the water 
source (6, 16). Normal  phosphate concen- 
trations are 1 rag/li ter,  whereas wastewater 
from fertilizer plants can contain as much 
as 30 rag/ l i ter  (6). T h e  median lethal con- 
centrations obtained for R. culicivorax are 
generally greater than the median concen- 
trations of the common ions in freshwater 
of Nor th  America, indicating that 2~. 
culicivorax can be used successfully in most 
freshwater in Nor th  America. Elevated 
calcium concentrations and nitr i te levels, 
however, would restrict its use. Elevated 
phosphate levels would be detr imental  bu t  
would probably occur only in unusual  
situations, e.g., effluents from fertilizer 
plants. 

Several investigators have studied the 
effects of salts on nematode survival, motil- 
ity, and metabolism. Walker  (15) reported 
that populations of Pratylenchus penetrans 
decreased in soil following the addit ion of 
nitrate, nitrite, organic nitrogen, and am- 
monium compounds. Nitrate  was the least 
nematicidal, and nitr i te the most. Similarly, 
nitri te inhibi ted the infectivity of R. 
culicivorax more than did nitrate.  Stephen- 
son (13) found that increasing salt 
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FIG.  8-10. T o l e r a n c e  of  Romanomermis culici- 
vorax to a n i o n  concen t r a t i ons  (nag/ l l te r  + 95% 
confidence l imits) .  8) Nit r i t e .  9) Sulfate;  m a x i m u m  
( . . . .  ) a n d  m e d i a n  (-- --  --) concen t r a t ions  of  sul fa te  
i,n f reshwater .  10) Phospa te ;  m a x i m u m  concent ra -  
t ion in f r e shwa te r  ( . . . .  ). A and  B as in  Fig. 2-4. 

concentrat ion caused body shrinkage and 
cessation of movement  in Rhabditis ter- 
restris, and the rates of penetrat ion could be 
arranged as follows: KCI, MgCI2 < CaC12 
< NaC1. Other investigations of salt effects 
have been carried out  on animal-parasitic 
nematodes. Von Brand (15) studied the 
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effects of  salts  on  the  oxygen  c o n s u m p t i o n  
of  Eustrongylides ignotus, a n e m a t o d e  
pa ra s i t e  of  fish. Of  the  sal ts  tested,  on ly  
N a N O 2  (and  KC1 to a lesser degree)  were  
toxic.  In t e re s t ing ly ,  the  oxygen  consump-  
t ion  of  E. ignotus was s t i m u l a t e d  by  va r ious  
ions  acco rd ing  to the  fo l lowing  series: 
ca t ions  - -  s o d i u m  = m a g n e s i u m  < ca l c i um 
= a m m o n i u m  < po tass ium;  an ions  - 
c h l o r i d e  = su l fa te  < n i t r i t e  = n i t r a t e  < 
phos p ha t e .  T h a t  series is s im i l a r  to series 
f o u n d  for R. culicivorax. B u e d i n g  (1) f o u n d  
t h a t  h igh  c o n c e n t r a t i o n s  of  KCI  a n d  CaC12 
m a r k e d l y  decreased  the  m e t a b o l i c  ac t iv i ty  
a n d  m o t i l i t y  of  Litosomoides carinii, a 
f i la r io id  f rom co t t on  rats .  

Mos t  i n f o r m a t i o n  ava i l ab l e  on  the  sal t  
to le rances  of  f r eshwate r  an ima l s  dea ls  w i t h  
a r t h r o p o d s  a n d  ver tebra tes .  T h e  sal t  toler-  
ances of a f ree- l iv ing t u r b e l l a r i a n ,  Polycelis 
nigra, have  b e e n  inves t iga ted ,  a n d  the o r d e r  
of ca t ion  a n d  a n i o n  tox ic i t i es  was s im i l a r  to 
the  averages  r e p o r t e d  for  R. culicivorax 
(7, 8). A l t h o u g h  Jones  (7, 8) f o u n d  ca t ions  
m o r e  toxic  t han  an ions ,  the  average  tox ic i ty  
of  the  c o m m o n  f reshwater  an ions  a n d  
ca t ions  was e q u i v a l e n t  for  the  infec t ive  
s tage of  R. culicivorax. 

T h e  m e c h a n i s m  by w h i c h  the  ions  
affected the  in fec t iv i ty  of  R. culicivorax was 
no t  d e t e r m i n e d .  T h e  tox ic i ty  at  e l eva t ed  
ion  concen t r a t i ons  m a y  have  r e su l t ed  f rom:  
1) inc reased  osmot ic  p ressure  a n d  con- 
c o m i t a n t  wa te r  loss f rom the nema todes ;  
2) i m b a l a n c e  in  i n t e r n a l  i on  ba l ance ;  3) 
gene ra l  toxic  effects of  n i t r a t e s  a n d  n i t r i tes ;  
a n d  4) a l t e r ed  i n t e r n a l  ac id-base  ba lance .  
I t  m a y  b e  specu la t ed  that ,  as w i th  E. 
ignotus (14), an  increase  in  m e t a b o l i c  r a t e  
s t i m u l a t e d  by  salts m a y  have  e x h a u s t e d  the  
energy  resources  of  the  infec t ive  stages 
be fo re  the  hos t  was con tac ted ,  t he reby  
r e d u c i n g  the  infec t ive  p o t e n t i a l  of  the  
n e m a t o d e .  I n  a d d i t i o n ,  the  decreased  b o d y  
wa te r  of  n e m a t o d e s  at  h igh  sal t  concen-  
t r a t ions  w o u l d  p r o b a b l y  decrease  the i r  
m o t i l i t y  and ,  thereby ,  in fec t iv i ty .  A t  the  
sal t  c o n c e n t r a t i o n s  o b t a i n e d  for m e d i a n  
l e tha l  concen t ra t ions ,  however ,  the  mos t  
l ike ly  e x p l a n a t i o n  is t ha t  ion  i m b a l a n c e s  
occu r r ed  in  the  in fec t ive  n e m a t o d e s  a n d  
t ha t  the  ensu ing  m e t a b o l i c  d i s r u p t i o n s  
i n t e r f e r e d  w i t h  the  in fec t ive  a b i l i t y  of  the  
p reparas i t e s .  T h o s e  ques t ions  wi l l  be  the  
sub jec t  of  f u t u r e  inves t iga t ions .  

A c t u a l  f ield s i t ua t i ons  do  n o t  have  
waters  c o n t a i n i n g  o n l y  s ingle  ca t ions  o r  
an ions ,  a n d  fu r t he r  w o r k  a p p r o x i m a t i n g  
ac tua l  f ield c ond i t i ons  is necessary to de ter -  
m i n e  the  effects of  c o m b i n a t i o n s  of  ions  on  
the infec t ive  a b i l i t y  of  R. culicivorax. An- 
o t h e r  i n t e r e s t i n g  f e l d  for f u t u r e  s tudy  is 
the  effects of  salts  on  o t h e r  l ife-cycle stages 
to d e t e r m i n e  the effects of  s a l in i ty  on  the  
a b i l i t y  of R. culicivorax to r e p r o d u c e  on  
a c o n t i n u i n g  basis in  a b o d y  of  wa te r  a f te r  
p r e l i m i n a r y  a p p l i c a t i o n s  of  p reparas i t e s .  
P r e l i m i n a r y  s tudies  in  this  a rea  i n d i c a t e  
t ha t  a d u l t  n e m a t o d e s  are  more  sa l t - to l e ran t  
t han  are  p reparas i t e s .  
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Criconematinae Habitats and Lobocriconema thornei n. sp. 
(Criconematidae:Nematoda) ~ 

NATALIE KNOBLOCH and G. W. BIRD 2 

Abstract: A 16.4-ha arca at the Michigan State University Water Quali ty Research Site was 
surveyed to obtain information on the habitats  and prominence of taxa of the Criconematinae. 
Fifteen species representing six genera (Macroposthonia, Lobocriconema, Criconema, Crossonema, 
Nothocriconema, and Xenocriconemella) of this subfamily were recovered from the exper imental  
site. Species occurrence and popula t ion  densities were evaluated by using prominence and im- 
portance values. T h e  Criconematinae was one of the most p rominen t  and impor tan t  nematode 
subfamilies recovered from this area. T h e  species successfully inhabited a broad range of woodlot 
and field vegetations, and soil management  groups. Taxa  of the Criconematinae were generally 
more  p rmninen t  in woodlot than in field vegetations, a l though with several impor tan t  exceptions, 
especially within the genus Macroposthonia. The  second-most p rominen t  and impor tan t  species 
recovered was an tandescribed species of Lobocriconerna. It is described as Lobocriconema thornei 
n. sp., including scanning electron micrographs of females, and descriptions of several of the 
juvenile stages. Key Words: Ecology, Macroposthonia, Lobocriconema, Criconema, Crossonema, 
Nothocriconem.a, Xenocriconemella. 

Little is known about  the biology of the 
Criconematinae. T h e  li terature was recently 
reviewed by Hoffman (8). Some species are 
cosmopolitan, whereas others are less widely 
distributed and appear to be associated with 
specific habitats. All species o[ the Crico- 
nematinae are assumed to be parasites of 
higher plants, and some have been shown 
to be pathogens. Macroposthonia xenoplax 
can be a predisposition agent (13). A lim- 
ited number  of observations have been 
made about  relationships of species o1 the 
Criconematinae with soil moisture, tem- 
perature, pH, and texture (1, 7, 8, 11, 12, 
14, 15, 16, 18). This  project was done to 
evaluate species of tile Criconematinae in 
relation to their habitats and other styler- 
bearing nematodes in a 16.4-ha area in 
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central Michigan. A new species of 
Lobocriconema was recovered from the ex- 
perimental  site and is described herein. 

MATERIALS AND M E T H O D S  

A d6.4-ha (671 x 2"t4 m) area at the 
Michigan State University Water  Quali ty 
Research Site was selected for a survey of 
nematode species and determinat ion of 
their populat ion densities. Th e  site was 
divided into II0 experimental  units (Fig. 
1). Sixty-six of the plots were 0.186 ha (61.0 
x 30.5 m) in size, and 44 were 0.093 ha (30.5 
x 30.5 m). Forty-eight percent of the area 
consisted of forests (Fig. 1 A-C), 40% old 
fields (Fig. 1 D-E), and 9% second-growth 
shrubland (Fig. l-F). T h e  following is a 
general vegetation description of the area: 

Forest 
A: Sugar maple, beech, elm, red maple, 

and basswood (75, 10.7, 4.5, 3.9, and 
2.2% dominance, respectively, in 
10-cm size class (trunk diameter), with 
422.9 t rees/ha and a mean basal area of 
41.6 m2/ha), and sugar maple, elm, 
Ostrya sp., red maple, and black maple 
(30.7, 24, 14, 7.9, and 7.9% dominance, 


