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A Free-living Panagrolaimus sp. from Armenia Can 
Survive in Anhydrobiosis for 8.7 Years 1 

RAFFI V .  AROIAN, 2 LYNN CARTA, 2 ISGOUHI KALOSHIAN, 3 AND PAUL W .  STERNBERG 2 

Abstract: Although the ability of  plant-parasitic nematodes to survive in a dehydrated or anhydro- 
biotic state for long periods of  time has been well documented, the ability of free-living nematodes 
has not. Here we report  on the survival of a free-living nematode, Panagrolaimus sp., from Armenia 
in the anhydrobiotic state for 8.7 years. This Panagrolaimus sp. can be cultured and maintained 
readily and may provide a good system for studying anhydrobiosis in nematodes. 
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Anhydrobiosis is a state of  undetectable 
metabolic activity induced by dehydration 
that can allow nematodes and other organ- 
isms to survive for long periods without 
water (3,7). Important  aspects of  anhydro- 
biotic survival for some nematodes include 
(i) the production of  carbohydrates such as 
glycerol and trehalose, which may prevent 
damage to membranes and macromole- 
cules normally associated with desiccation 
and (ii) a slow rate of  water loss in the 
nematode and the surrounding environ- 
ment (14). Several examples exist of  plant- 
parasitic nematodes surviving in anhydro- 
biosis for many years. Few such examples 
exist of  free-living nematodes. 

MATERIALS AND METHODS 

The soil sample used in this study was 
taken 12 July  1983 f rom a residential 
driveway in Ashdarag district, Byurakan, a 
mountainous region of  the Republic of  Ar- 
menia (formerly Armenia, S.S.R.). It was 
stored in Pasadena, California, at room 
tempera ture  in a glass jar  with the lid 
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tightly closed. The sample has remained 
dry the entire time. The present moisture 
content is 1.0 g H20  per 25.0 g soil. The  
soil type is clay loam (33% sand, 32% silt, 
35% clay). 

To recover free-living nematodes, ap- 
proximately 5-10 ml of  this soil was placed 
on a 9-cm nema tode  growth  m e d i u m  
(NGM) plate (2,12) containing a lawn of  
Escherichia coli strain OP50 (2). Soil was po- 
sitioned away from the bacteria and hy- 
drated by adding about 1 ml of  M9 buffer  
(2,12). The plate was sealed with parafilm 
and kept at room temperature (ca. 22 C). 

Specimens, heat-killed in M9 buffer ,  
were mounted in 4% formaldehyde on 5% 
agar pads and measured with an ocular 
micrometer. The nematode was identified 
as Panagrolaimus sp. based on the morphol- 
ogy of  the stoma and mouth parts (1). It 
was designated PS443 (hy-1) and stored at 
- 7 0  C in glycerol using standard proto- 
cols for Caenorhabditis elegans (2,12). 

RESULTS 

Three attempts to recover living nema- 
todes were made using the Armenian soil 
collected in July 1983 (Table 1). In the ini- 
tial attempt (November 1987), one nema- 
tode migrated to the bacterial lawn 24 
hours after plating, two more 29 hours af- 
ter plating, and a final one 48 hours after 
plating. All four were juveniles, later iden- 
tified as two males and two females. They 
were transferred to a fresh NGM plate 
with OP50 at 20 C. The females laid many 
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TABLE 1. Summary of  attempts to isolate free- 
living nematodes f rom an Armenian soil sample 
taken in July 1983. 

lished data suggests this isolate represents  
a new species. 

Years 
since No. No. 

Date of sample nematodes male/ 
attempt taken recovered female 

2 November 1987 4.3 4 2/2 
24 November 1991 8.4 1 ?~ 
25 March 1992 8.7 3 0/3 

t The nematode was never found. Its presence was in- 
ferred by tracks in the bacterial lawn. 

eggs that  ha tched  and deve loped  into fer- 
tile adults. T h e  isolate was ident if ied as Pa- 
nagrolaimus sp. 

In  the second a t t empt  (November  1991), 
we saw the tracks o f  a n e m a t o d e  but  were 
unable  to recover  it. In  the th i rd  a t tempt  
(March 1992), th ree  female  nematodes  mi- 
gra ted to the bacteria 33 -56  hours  af ter  
the soil was plated. Based on size, all were 
probably o lder  than  J 1 stage, and one  may 
have been  as old as J4  stage. Two  of  the 
three  were identif ied as Panagrolaimus sp. 
The se  two females successfully p roduced  
p rogeny  u p o n  mat ing with males der ived 
f r om f rozen  stocks o f  the November  1987 
isolation, ind ica t ing  that  they were  the 
same species as isolated 4 years earlier.  
T h e  th i rd  could not  be identif ied defini- 
tively bu t  was closely related,  if  not  identi- 
cal, to the o the r  two. Several a t tempts  to 
mate  males with this th i rd  female were  un- 
successful. 

On  both  the No v e mber  1991 and  March 
1992 plates, the carcasses o f  several nema- 
todes  were  also no ted .  O n e  was coiled 
u p o n  itself. 

Th i s  Panagrolaimus sp. is readi ly  cul- 
tured .  T h e  genera t ion  t ime f rom egg to 
adult  at 20 C on  NGM plates is about  8 
days. Males are necessary for  r ep roduc -  
tion. Morphome t r i c  measurements  o f  this 
ne m a tode  are  as follows: Female (n = 10): 
L = 1.05-1.45 m m  (1.22 --- 0.15 mm); a = 
15-21;  b = 6.5-8;  c = 14.5-18; v = 5 7 -  
60%; Male (n = 10): L = 0.80-1.05 mm  
(0.91 + 0.08 mm);  a = 18-21; b = 5-6;  c 
= 18-25; spicules = 28 +- 3 p~m. A com- 
par ison o f  these measurements  with pub-  

DISCUSSION 

This  Armen ian  Panagrolaimus isolate can 
survive  d e h y d r a t i o n  at least  8.7 years .  
Based on  the stage o f  the nematodes  that  
migra ted  out  o f  the soil and  the size o f  
carcasses seen, these Armen ian  nematodes  
probably  become  anhydrob io t i c  as juve-  
niles. T h e  coiled carcass seen is suggestive 
o f  the coiling associated with o the r  anhy-  
drobiotic nematodes  (5). 

Anhydrobiot ic  survival o f  Panagrolaimus 
has been  r ep o r t ed  before .  Panagrolaimus 
was the second most  c o m m o n  genus f o u n d  
in d ry  soil f rom Kinchega National  Park in 
Austral ia  (9). E x p e r i m e n t s  showed  tha t  
this isolate could successfully en te r  the an- 
hydrobiot ic  state and  recover ,  p r o v i d e d  
the nematodes  were slowly dehydra t ed .  

T h e r e  is only one  o the r  s tudy on  the 
long- term survival o f  anhydrobiot ic  f ree-  
living n e m a t o d e s  in soil. Spec imens  o f  
Acrobeloides nanus were isolated f ro m  soil 
samples s tored for  6.5 years in a plastic bag 
(10). In  a study involving Aphelenchus ave- 
nae grown as a free-living n e m a t o d e  on  
fungi,  live specimens were recovered  f rom 
labora to ry -p repared  pellets s tored in d ry  
air for  18 months  (4). T h e  plant  parasites 
Helicotylenchus dihystera and  Pratylenchus 
penetrans survived anhydrobiot ical ly in soil 
samples for  at least 250 and 770 days, re- 
spectively (8,13). T h e  longest  records  o f  
nema tode  anhydrobiot ic  survival are  fo r  
nematodes  not  s tored in soil. Anguina tritici 
survived in seed galls for  28 years, and  Fi- 
lenchus polyhypnus survived in a he rba r ium 
specimen for  almost 39 years (6,11). 

Given its ability for  anhydrobiot ic  sur- 
vival and its relative ease o f  cul ture  and 
maintenance ,  this Panagrolaimus sp. may  
be a useful  system for  s tudying anhydro -  
biosis in nematodes .  

LITERATURE CITED 

1. Andr~ssy, I. 1984. Klasse nematoda. Stuttgart: 
Gustav Fischer Verlag. 



5 0 2  Journal  of  Nematology, Volume 25, No. 3, 

2. Brenner, S. 1974. The genetics of  Caenorhabditis 
elegans. Genetics 77:71-94. 

3. Crowe, J. H. 1971. Anhydrobiosis: An unsolved 
problem. American Naturalist 105:563-573. 

4. Crowe, J. H., and A. C. Madin. 1975. Anhydro- 
biosis in nematodes: Evaporative water loss and sur- 
vival. Journal of  Experimental Zoology 193:323-334. 

5. Demeure, Y., and D. W. Freckman. 1981. Re- 
cent advances in the study of anhydrobiotic nema- 
todes. Pp. 205-226 in B. M. Zuckerman and R. A. 
Rohde, eds. Plant parasitic nematodes, vol. 3. New 
York: Academic Press. 

6. Fielding, M.J.  1951. Observations on the length 
of  dormancy in certain plant infecting nematodes. 
Proceedings of the Helminthological Society of Wash- 
ington 18:110-112. 

7. Freckman, D. W., and C. Womersley. 1983. 
Physiological adaptations of nematodes in Chihua- 
huan desert soils. Pp. 395-403 in P. Lebrun, H. M. 
Andre, A. De Medts, C. Gregoire-Wibo, and G. Wau- 
thy, eds. New trends in soil biology: Proceedings of 
the VIII  international colloquium of soil biology. 
Louvain-la-Neuve, Belgium: Dieu-Brichart. 

8. McGlohon, N. E., J. N. Sasser, and R. T. Sher- 
wood. 1961. Investigations of plant-parasitic nema- 
todes associated with forage crops in North Carolina. 

September 1993 

Technical Bulletin 148, North Carolina Agricultural 
Experimental Station, North Carolina State College, 
Raleigh. 

9. Nicholas, W. U, and A. C. Stewart. 1985. Cryp- 
tobiotic nematodes in dry soil from Kinchega Na- 
tional Park, NSW. Australian Nematologists' Newslet- 
ter 4:18-21. 

10. Nicholas, W. L., and A. C. Stewart. 1989. Ex- 
periments on anhydrobiosis in Acrobeloides nanus. 
Nematologica 35:489-491. 

11. Steiner, G., and F. E. Albin. 1946. Resuscita- 
tion of the nematode Tylench.us polyhypnu~, n. sp., after 
almost 39 years' dormancy. Journal of the Washing- 
ton Academy of Sciences 36:97-99. 

12. Sulston, J., and J. Hodgkin. 1988. Methods. 
Pp. 587-606 in W. B. Wood, ed. The nematode Cae- 
norhabditis elegans. Cold Spring Harbor, NY: Cold 
Spring Harbor Laboratory. 

13. Townshend, J. L. 1984. Anhydrobiosis in Praty- 
lenchus penetrans. Journal of Nematology 16:282-289. 

14. Womersley, C. 1987. A reevaluation of strate- 
gies employed by nematode anhydrobiotes in relation 
to their natural environment. Pp. 165-173 in J. A. 
Veech and D. W. Dickson, eds. Vistas on nematology. 
Society of Nematologists. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

