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Accelerated Movement of Nematodes from Soil in 
Baermann Funnels with Temperature Gradients 

A.  F. ROBINSON AND C. M.  HEALD 1 

Abstract: Baermann funnels were modified to eliminate or reverse the small temperature gradient 
(1-2 C/cm) across the soil layer that normally results from water evaporation. Effects of  modifications 
on extraction efficiency were examined at various ambient temperatures and after overnight ad- 
aptation of three nematode species at 20 and 30 C. Extraction ofMeloidogyne incognita from sandy 
loam, Tylenchulus semipenetrans from sandy clay loam, and Rotylenchulus reniformis from silt was greatly 
accelerated simply by covering funnels to prevent evaporation. In most cases, covering increased 
the nematodes extracted by 10-100 times after 5.5-48 hours. Faster and more efficient extraction 
of R. reniformis occurred over a wide range of  ambient temperature (18-29 C). Effects of  ambient 
temperature and temperature gradient direction on Baermann funnel extraction of R. reniformis 
were partly inconsistent with the behavior of R. reniformis in agar. Nematodes in agar moved toward 
cold at some ambient temperatures and toward heat at other temperatures. They always appeared 
to move toward cold on Baermann funnels. Differences were not attributable to blockage of gas 
exchange by covers. In agar and in funnels, the patterns of response to ambient temperature were 
shifted in the direction of the storage temperature. 

Key words: Baermann funnel, behavior, Meloidogyne incognita, nematode extraction, Rotylenchulus 
reniformis, thermal adaptation, thermotaxis, Tylenchulus semipenetrans. 

T w o  fundamenta l ly  d i f ferent  ap- 
proaches are used for extraction of  inver- 
tebrates from soil: mechanical separation 
by sieving, sedimentation, or flotation; and 
dynamic or behavioral separation that de- 
pends on animal motility (15,16,27). Each 
approach has disadvantages that are well- 
appreciated by nematologists and ento- 
mologists. Mechanical separations usually 
require more labor, time, and apparatus, 
whereas behavioral separations do not re- 
cover nonmotile animals and are greatly 
affected by the behavioral and physiolog- 
ical condition of  those that move. Inade- 
quate motility limits the effectiveness of 
simple, economic Baermann methods for 
extracting root-parasitic nematodes from 
soil (1,2,4,7,9,14,18,20,27). Many behav- 
ioral methods for isolating arthropods are 
quite effective; they differ from standard 
Baermann methods for extracting nema- 
todes in that organisms are induced to ori- 
ent toward or away from a stimulus such 
as light, heat, or gases (27). 
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Application of a stimulus to extract 
nematodes has been explored. Overgaard 
(19) achieved extraction efficiencies great- 
er than 90% by heating water and soil with- 
in Baermann funnels, from above with in- 
candescent light bulbs, to expel nematodes 
presumptively via negative thermotaxis. 
Heating soil, however, was not predicated 
on knowledge  of  nema tode  behavior .  
Oostenbrink (18) proposed that Over- 
gaard's extraction efficiency resulted from 
the small sample sizes used (1-4 cm 3) rath- 
er than from heating. Most nematodes that 
have been reported to respond to temper- 
ature gradients moved toward heat, often 
suicidally (3,6,12,13), not away from it. 
Until recently, only four ecologically di- 
verse species of  nematodes were known to 
be negatively thermotactic: Ditylenchus dip- 
saci (Kuhn) Filipjev (5), Globodera rostochien- 
sis (Wollenweber) Behrens (24), Terranova 
decipiens Krabbe (a cod and seal parasite) 
(25), and Caenorhabditis elegans (Maupas) 
Dougherty (11). All were examined in ar- 
tificial gels rather than soil, except for D. 
dipsaci which was examined in agar (13) 
and in sand (5). For each species, positive 
and negative thermotaxes could be in- 
duced at appropriate ambient temperature 
or after appropriate thermal adaptation. 
When responses were compared at various 
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ambien t  t empera tu re s ,  nema todes  ap- 
peared to move toward a preferred tem- 
perature, exhibiting thermal preferendum 
(13,24). Within the last 2 years, four ad- 
ditional plant-parasitic nematode species--  
Meloidogyne incognita (Kofoid and White) 
Chi twood  (21), Ditylenchus phyllobius 
(Thorne) Filijev, Tylenchulus semipenetrans 
Cobb, and Rotylenchulus reniformis Linford 
and Oliveira (23)--have been found to ag- 
gregate directionally on artificial gels in 
response to small temperature gradients 
(0.001-1.0 C/cm). Each moves toward and 
away from heat, depending on ambient and 
adaptation temperatures. There  is some 
question whether the behavioral mecha- 
nism is taxis or klinokinesis. Computer  
tracking studies on M. incognita J2 indicat- 
ed both mechanisms were operative (8). 

The  behavioral sensitivity to tempera- 
ture gradients reported for various nema- 
tode species suggests that temperature  gra- 
dients may influence Baermann funnel 
extraction. The  objective of  our study was 
to determine the effects of  gradient direc- 
tion, thermal adaptation, and ambient tem- 
perature on the rates and efficiency of  
Baermann funnel extraction of  M. incog- 
nita, T. semipenetrans, and R. reniformis from 
three soils. These nematodes and G. ros- 
tochiensis are the root  parasites for which 
the greatest information is available re- 
garding behavioral responses to tempera- 
ture gradients in artificial gels. Responses 
to gradients in soil and agar were directly 
compared for R. reniformis. 

MATERIALS AND METHODS 

Three  soils were used, each previously 
infested with one of  the nematode species 
to be examined: sandy loam with M. incog- 
nita and silt with R. reniformis, both prop- 
agated on tomato in a greenhouse, and 
sandy clay loam with T. semipenetrans from 
a citrus orchard. The  soil in every exper- 
iment was collected on the previous day, 
thoroughly mixed, and stored overnight at 
a controlled temperature.  Each soil was 
moist and workable but  moisture percent- 
ages were not measured. In all experi- 
ments, the Baermann apparatus was a 15- 

cm-d polyethylene funnel, a latex drain tube 
with clamp, and a cylindrical ring cut from 
polyvinyl chloride pipe (4.5 cm high x 10 
cm d). Funnels were filled with distilled 
water supplemented with 3.4 mM CaCI~ to 
reduce clay fraction dispersion (W. H. 
Thames, pers. comm.). A uniformly thin 
layer of  soil (100 g, 1.3 cm thick) was sup- 
ported in the ring by two layers of  two-ply 
facial tissue (Scotties, Scott Paper Co., 
Philadelphia, PA) stretched across its bot- 
tom and secured with a rubber  band. Ex- 
cess tissue was tr immed with scissors. The  
ring was gently lowered into the water until 
it was supported by the wall of  the funnel 
and the upper surface of  the soil layer was 
covered by water 2 cm deep. 

This standard funnel was modified as re- 
quired with various accessories to alter 
water evaporation, gas exchange, and tem- 
perature gradients through the soil layer 
(Fig. 1). Funnels were always exposed to a 
gentle air current created by an electric 
fan to increase the uniformity of  ambient 
air temperature.  Temperatures  were re- 
corded manually with precision thermis- 
tors (Yellow Springs Instruments, Yellow 
Springs, OH) interfaced to digital panel 
meters readable to 0.01 C, or automatically 
with thermocouples read by two 9-channel 
electronic data loggers (Polycorder, Om- 
nidata, Logan, UT). Where stated, tem- 
peratures at strategic points within funnels 
were continuously monitored and visual- 
ized in real time through a CRT display of  
the thermal history of  each thermocouple 
updated at 30-second to 5-minute intervals 
by a computer  interfaced to one of  the data 
loggers. Four experiments were done; the 
first three were repeated at least once for 
each species indicated. 

Covering tops of funnels or submersing bot- 
toms in water: Soil containing a given nema- 
tode species was divided into halves that 
were stored at 20 and 30 C. Three  repli- 
cates of  three kinds of funnels (Fig. 1, dia- 
grams 1-3) were set up for soil from each 
storage temperature and placed at ca. 26 
C ambient. Evaporation of  water from open 
funnels chilled the funnel contents, caus- 
ing the center of  the soil layer to be 3-4  
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FIG. 1. Baermann funnel modifications (diagrams 

1-8) and their components: a) standard open funnel; 
b) inverted bowl as cover; c) beaker of water; d) light 
bulb; e) water bath at controlled temperature; f) alu- 
minum dish of ice placed over soil retaining ring. 
Arrows indicate direction in which temperature in- 
creases. 

C cooler  than otherwise  and the top of  the 
soil layer to be 1-2 C cooler  than the bot- 
tom of  the soil layer. A loose cover  almost  
e l iminated the  grad ien t  (0.0-0.1 C), and a 
loose cover  plus immers ion  o f  the funnel  
bo t t om in a 1,000-ml beaker  of  water,  
chilled by evapora t ion ,  gene ra t ed  a 0 .4 -  
0.6 C decrease  f rom top to bot tom.  These  
t e m p e r a t u r e  differences were  measured  
several times in every  funnel  the first t ime 
the e x p e r i m e n t  was conduc t ed  and were  
verif ied for  repl icate  exper iments  in rep- 
resentat ive funnels. Usually, 5 -10  ml water  
was drawn f rom each funnel  a f te r  2.5, 5.5, 
24, and 48 hours,  and nematodes  were 
counted .  In one  o f  the exper iments  with 
M. incognita, seven replicates instead o f  
t h ree  were  run; they were par t i t ioned  
among  funnel  racks in th ree  rooms with 
ambien t  t empera tu re s  o f  24, 27, and 30 C. 
This  pe rmi t t ed  examina t ion  o f  the effect 
o f  the decrease  in mean  soil t e m p e r a t u r e  
due  to evapora t ion  o f  water  f rom open  fun- 
nels. T h e  effect  o f  overn igh t  re f r ige ra t ion  
of  soil conta in ing  R. reniformis also was ex- 

amined  on  four  replicate funnels  with loose 
covers. Th ese  were set up to compare  soil 
f rom storage at 5 and 30 C; they were  
dra ined  for  count ing  at the intervals de- 
scribed. 

Movement of Rotylenchulus reniformis in agar 
and from soil in Baermann funnels: T o  ob- 
tain physiologically similar popula t ions  o f  
nematodes  in soil and in agar, the incu- 
bations, extract ions,  and exper iments  were  
coord ina ted  as follows. On  day 1, green-  
house soil (30 C) conta in ing  R. reniformis 
was thorough ly  mixed and divided into two 
parts  which were  held  overn igh t  at 25 and 
30 C. On day 2, the soil s tored at 25 C was 
put  at 20 C and the soil s tored at 30 C was 
subdivided. One  par t  was split among  12 
covered funnels at 25 C which were dra ined 
af ter  10 hours  to provide  a n e m a t o d e  sus- 
pension which was then  divided and s tored 
at 20 and 30 C for  use on day 3. Also on 
day 2, the second par t  of  the 30-C soil was 
divided among  two sets o f  12 funnels. One  
set was covered  and hea ted  f rom above (Fig. 
1, diagram 4) and one  set was open  and 
cooled f rom above by evapora t ion  (Fig. 1, 
d iagram 5); water  baths main ta ined  soil 
layers on the funnels at 12 t empera tu re s  
(17-33  C). Thus ,  positive and negative 
t e m p e r a t u r e  gradients  o f  1-2  C / c m  down 
th rough  the soil layer were maintained over  
a wide range  of  median  soil t empera tu re .  
T h e  t e m p e r a t u r e  o f  the top and the bot- 
tom of  the soil layer in each funnel  was 
measured  hourly.  Af te r  5.5 hours,  funnels 
were dra ined  (40-50  ml) and nematodes  
were  counted .  O n  day 3, soil s tored  over- 
night  at 20 C was subjected to the same 
p r o c e d u r e  and the n e m a t o d e  suspensions 
s tored overn ight  at 20 and 30 C were used 
to test for  behavioral  responses to gradi- 
ents in agar. Nematodes  were suspended 
randomly  in 0.3 ml o f  0.75% water  agar  
within th in -bo t tomed  channels  (4 x 40 
mm). A two-dimensional  t e m p e r a t u r e  gra- 
dient  plate, descr ibed in detail by Robinson 
(23), was used to simultaneously expose two 
replicates of  channels to 1 C / c m  along their  
lengths at 12 channel  midpoin t  t empera-  
tures (15-32  C). Grad ien t  l inearity was 
conf i rmed in representa t ive  channels  with 
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tissue implantation thermistors (YSI), and 
plate t empera tu res  were cont inuous ly  
monitored by eight thermocouples inter- 
faced to a computer as described. Suspen- 
sions stored at 20 and 30 C were examined 
concurrently. After 5.5 hours, the distri- 
bution of nematodes within each channel 
was determined and expressed as the per- 
centage of nematodes on the warmer half. 
The experiment was repeated with a new 
collection of  soil containing R. reniformis. 

Baermann funnels modified to generate a se- 
ries of gradients with and without covers: Soil 
containing R. reniformis was stored at 30 C, 
then placed in three replicates of four kinds 
of funnels (Fig. 1, diagrams 5-8). There  
were standard open funnels and three cov- 
ered funnels. A light bulb made soil within 
each of  three additional open funnels 2 C 
warmer on top rather than cooler on top 
and an aluminum dish of ice over the fun- 
nel ring made soil in each of  three addi- 
tional covered funnels 2-3 C cooler on top 
than on bottom. Water bath temperatures 
were adjusted to maintain temperatures of 
the centers of soil layers at 25 + 1 C in all 
cases. Thus, a series of  temperature gra- 
dients was established at a fixed median soil 
temperature with alternating funnel cov- 
ering status: 2-3 C cooler on top, covered; 
1 C cooler on top, open; nearly isothermal, 
covered; and 2 C warmer on top, open. 
Temperatures at the upper and lower soil 
surfaces were monitored continuously in 
one replicate of each kind of funnel by a 
computer interfaced to thermocouples, as 
described. The corresponding tempera- 
tures in other replicates were monitored 
manually at 30-minute intervals. After 5.5 
hours, funnels were drained and nema- 
todes were counted. 

Saturating soil overnight or deleting CaCl2 
supplement: In the foregoing experiments, 
the moist, aerated soil in which nematodes 
were stored overnight became saturated 
immediately when placed on funnels, thus 
subjecting nematodes to an abrupt change 
in conditions. For the fourth test, soil with 
R. reniformis was divided in two parts. One 
part was saturated with water. After stor- 
ing both parts overnight at 30 C, three 

replicates of each part were run on open 
and covered funnels. After 5.5 hours, fun- 
nels were drained and nematodes were 
counted. In a similar fashion, the effect of  
deleting the CaCI~ supplement from the 
funnel water was tested. Funnels of the 
CaCI~ experiment were sampled after 5.5 
and 24 hours. 

RESULTS 

Covering tops of funnels or submersing bot- 
toms in water: At 26 C ambient air tem- 
perature, loosely covering Baermann fun- 
nels always increased the number of M. 
incognita, T. semipenetrans, and R. reniformis 
obtained after 2.5, 5.5, and 24 hours, usu- 
ally by one to two orders of  magnitude (Fig. 
2). Submersing the bottoms of covered 
funnels in water to slightly cool them did 
not increase extraction. After 48 hours, 
open funnels yielded quantities of  R. reni- 
formis comparable to those from covered 
funnels. Open funnels never yielded quan- 
tities of M. incognita or T. semipenetrans 
comparable to those from covered funnels, 
and more nematodes were obtained from 
covered funnels than by sugar flotation, 
where this comparison was made. For all 
species extracted at 26 C, similar numbers 
of nematodes were obtained from soil 
stored at 20 and 30 C. Soil stored at 5 C, 
however, yielded half as many R. reniformis 
as soil stored at 30 C (Fig. 3). Effects o f  
ambient air temperature differences be- 
tween 24 and 30 C were negligible com- 
pared with the effect of covering funnels 
for 34. incognita extraction (Fig. 4). 

Movement of Rotylenchulus reniformis in agar 
and from soil in Baermann funnels: After 5.5 
hours on temperature gradients in agar, R. 
reniformis had moved toward heat and away 
from it, depending on ambient and storage 
temperatures (Fig. 5). Generally, nema- 
todes moved toward a temperature near 
the storage temperature. Nematodes stored 
at 20 C moved toward 23 C and those stored 
at 30 C moved toward 32 C. The  only ex- 
ception to this result was the accumulation 
of nematodes stored at 30 C on the coolest 
ends of  channels with midpoints below 21 
C. Concurrent extraction of  the same soil 
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FIG. 2. Nematodes extracted from three soils in Baermann funnels that were open (solid line), covered 
(dotted line), or covered and submersed in a beaker of  water (dashed line) after overnight storage of  soil at 
20 or 30 C. A) First run. B) Repeat. Each circle is the mean of three replicates. Nematode counts were 
exponentially distributed and therefore were analyzed after In (X + 1) transformation. Crosshatched areas 
indicate separately for each experiment the back-transformed 95% LSD, which varies with mean nematode 
count as indicated when expressed on an arithmetic scale. There is no intended relationship between the 
LSD and the ordinate axis. 
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i t i v e  a n d  n e g a t i v e  t e m p e r a t u r e  g r a d i e n t s  
at  12 a m b i e n t  t e m p e r a t u r e s  y i e l d e d  d a t a  
p a r t l y  i n c o n s i s t e n t  w i t h  m o v e m e n t  in  agar .  

In  all  cases ,  far  m o r e  n e m a t o d e s  m o v e d  
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t o p  ( F i g .  5 ) ;  i . e . ,  n e m a t o d e s  a p p e a r e d  to  
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Fro, 3. Rotylenchulus reniformis extracted from silt soil in covered Baermann funnels after overnight storage 

of soil at 5 or 30 C. Each circle is the mean of three replicates. Nematode counts were exponentially distributed 
and therefore were analyzed after In (X + 1) transformation. Crosshatched area indicates the back-transformed 
95% LSD, which varies with mean nematode count as indicated when expressed on an arithmetic scale. There 
is no intended relationship between the LSD and the ordinate axis. 
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FIG. 4. Meloidogyne incognita extracted from sandy loam in Baermann funnels that were open (solid line), 
covered (dotted line), or covered and immersed in a beaker of water (dashed line) as influenced by ambient 
and adaptation temperatures. Each circle is the mean of three replicates. Nematode counts were exponentially 
distributed and therefore were analyzed after In (X + 1) transformation. Crosshatched areas indicate separately 
for each ambient temperature the back-transformed 95% LSD, which varies with mean nematode count as 
indicated when expressed on an arithmetic scale. There  is no intended relationship between the LSD and 
the ordinate axis. 

o f  a m bien t  t e m p e r a t u r e  in which  nema-  
todes  in agar m o v e d  toward heat.  Increases  
in a m bien t  t empera ture  f r o m  18 to  29 C 
greatly increased the  n u m b e r  o f  nema-  

todes  that m o v e d  d o w n  f r o m  soil in cov-  
ered  funne ls  hea ted  f r o m  above .  T h e  op- 
t i m u m  range  o f  ambient  t e m p e r a t u r e  for  
extract ion  o fR.  reniformis was lower  for soil 
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s tored  at 20 C than  for  soil s tored  at 30 C. 
Be tween  19 and  26 C, a 1 -5  C h igher  t em-  
p e r a t u r e  was r equ i r ed  to ex t rac t  the  same 
n u m b e r  o f  n e m a t o d e s  f rom soil s tored  at 
30 C as f r o m  soil s tored  at 20 C. 

Baermann funnels modified to generate a se- 
ries of gradients with and without covers." Ac- 
ce le ra ted  m o v e m e n t  o f  R. reniformis f r o m  
soil con t inued  to be  re la ted  to manipu la -  
t ion o f  t e m p e r a t u r e  grad ien ts  r a t h e r  than  
cover ing  status (Fig. 6). M a x i m u m  extrac-  
t ion o c c u r r e d  in funnels  tha t  were  w a r m e r  
on top or  near ly  i sothermal .  

Saturating soil overnight or deleting CaC12 
supplement: Stor ing  soil sa tu ra ted  with 
wa te r  ove rn igh t  r educed  the  n u m b e r  of  R. 
reniformis ex t r ac t ed  a f t e r  5.5 hours  by 28% 
(Table  1). Th i s  effect  was small, however ,  
c o m p a r e d  with the effect o f  covering,  which 
increased  n e m a t o d e  ex t rac t ion  by th ree-  
fold. Dele t ion  o f  the  CaC12 s u p p l e m e n t  
f r o m  funnel  wa te r  dec reased  overal l  ex- 

t rac t ion  o f  R. reniformis s o m e w h a t  at 5.5 
hours  but  did not  a l ter  the effect  o f  cov- 
e r ing  funnels.  

D I S C U S S I O N  

O u r  results  indicate  tha t  a behaviora l ly  
med ia t ed  p h e n o m e n o n  re la ted  to subtle 
t e m p e r a t u r e  di f ferences  can great ly  influ- 
ence  the m o v e m e n t  of  n e m a t o d e s  f r o m  soil 
in B a e r m a n n  funnels.  Acce le ra ted  ext rac-  
t ion o f  t h ree  species o c c u r r e d  w h e n e v e r  it 
was ensured  that  the  u p p e r  surface  o f  the  
soil was not  apprec iab ly  cooler  than  the  
bo t t om.  Th i s  condi t ion could be  ach ieved  
by cover ing  the  tops o f  funnels  or  by heat-  
ing open  funnels  f r o m  above  with a l ight 
bu lb  to p r even t  or  offset chilling caused by 
evapora t ion .  Thus ,  the p h e n o m e n o n  does 
no t  a p p e a r  direct ly re la ted  to evapora t ion ,  
to b lockage  o f  gas exchange  by the  loose 
covers,  o r  to s t i r r ing caused by air cur rents .  
T h e  m a g n i t u d e  o f  the  grad ien t  r equ i r ed  
to p roduce  the effect (ca. 1 C / c m )  was small 
c o m p a r e d  with the  ranges  o f  a m b i e n t  t em-  
p e r a t u r e  over  which it was observed:  2 4 -  
30 C for  M. incognita and 19-30  C for  R. 
reniformis. T h e r e f o r e ,  it seems unlikely tha t  
nema todes  failed to move  because  they 
were  immobi l ized  by cold. Ins tead,  direc- 
t ional m o v e m e n t  resul t ing f r o m  a behav-  
ioral mechan i sm such as klinokinesis or  or-  
thotaxis  is indicated.  

O v e r n i g h t  s torage  o f  soil at 20 a n d  30 
C did not  measurab ly  a l ter  the  a p p a r e n t  
d i rec t ion of  n e m a t o d e  response  to gradi-  
ents in funnels  ma in t a ined  at 26 C. S to rage  
t e m p e r a t u r e  did appea r  to shift  the  opti-  
m u m  t e m p e r a t u r e  r ange  for  ex t rac t ion  o f  
R. reniformis. T h e r e f o r e ,  the  data  suggest  
that,  in this case, soil s torage  a l te red  the  
t he rma l  o p t i m u m  for  motil i ty,  bu t  not  
t he rmotac t i c  p re fe rences ,  i.e., no t  the  di- 
rec t ion  nema todes  would move  on a t em-  
p e r a t u r e  gradient .  T h e r m a l  adap ta t ion  has 
been  r e p o r t e d  to a l ter  t he rma l  op t ima  for  
i so thermal  dispers ion o f  R. reniformis and 
T. semipenetrans in aga r  (23), for  B a e r m a n n  
funnel  ex t rac t ion  o f M .  incognita (17), and  
for  moti l i ty  o f  D. dipsaci in wa te r  (5). 

I t  would be  instruct ive to know why evi- 
dence  for  t he rmotac t i c  adap ta t ion  was not  
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TABLE 1. Effects of overnight saturation of soil and deletion of CaCI2 supplement from funnel water on 
extraction of Rotylenchulus reniformis from 100 g silt soil after 5.5 hours in covered or open Baermann funnels. 

Nematodes extracted 

Overnight saturation CaC[, supplement 

With Without With Without 

Covered 
Limits]" (2,650-6,460) (3,460-8,440) (11,325-13,690) (8,020-9,700) 
Mean 4,140 5,410 12,450 8,820 

Open 
Limits (820-2,010) (1,280-3,110) (6,170-7,460) (2,940-3,550) 
Mean 1,280 1,990 6,780 3,230 

t Back-transformed 95% confidence limits for three replicates based on residual error of one-way classified analysis of In 
(X + 1) transformed data. 

d e t e c t e d  in  B a e r m a n n  f u n n e l s .  Pa r t i a l  o r  
c o m p l e t e  t h e r m o t a c t i c  a d a p t a t i o n  occurs  
w i th in  24 h o u r s  in  C. elegans (1 1), D. dipsaci, 
T. semipenetrans, R. reniformis (23), a n d  M. 
incognita (21). Bo th  t imes  t ha t  we e x t r a c t e d  
R. reniformis f r o m  soil at 12 f u n n e l  t em-  
p e r a t u r e s ,  pa ra l l e l  e x p e r i m e n t s  in  aga r  o n  
n e m a t o d e s  f r o m  s to rage  in  wa t e r  at  20 a n d  
30 C ind ica ted  t h e r m o t a c t i c  a d a p t a t i o n  had  
o c c u r r e d .  F u n n e l  resu l t s  d id  no t .  P e r h a p s  
a d a p t a t i o n  takes l o n g e r  in soil t h a n  in wa te r  
u n d e r  o u r  cond i t i ons .  Also,  it s h o u l d  be  
c o n s i d e r e d  t ha t  the  physical ,  g e o m e t r i c ,  
a n d  chemica l  c o n d i t i o n s  n e m a t o d e s  were  
exposed  to in  aga r  were  qu i t e  d i f f e r en t  f r o m  
those  in  soil. I n  pa r t i cu l a r ,  a n  a d d i t i o n a l  
n e m a t o d e  a t t r a c t a n t ,  such as c a r b o n  d iox-  
ide  (10,22) cou ld  be  o p e r a t i v e  in  soil. F u r -  
t h e r  r e s e a r c h  is n e e d e d .  
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