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c o n t r o l  p r o c e d u r e s  a re  r e l a t e d  to t he  life 
h i s tor ies  o f  t hese  two species.  T h e  close 
assoc ia t ion  o f M .  incognita with  t he  hos t  for  
f eed ing ,  r e p r o d u c t i o n ,  a n d  u l t i m a t e  sur-  
vival  ind ica tes  t ha t  va r ie ta l  r e s i s t ance  is a 
g o o d  l o n g - t e r m  c o n t r o l  m e t h o d ,  whi le  ne-  
ma t i c ides  a n d  t o l e r a n t  var ie t ies  a re  m o r e  
usefu l  c o n t r o l  tactics for  H. columbus. 
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Effect of Temperature on the Development of 
Thelastoma bulhoesi (Oxyurata, Thelastomatida) 

and Other Nematodes 
GARY L. MCCALLISTER t AND GERALD D. SCHMIDT ~ 

Abstract: Embryonation of Thelastoma bulhoesi was monitored at eight temperatures between 0 and 
35 C. Cell division did not occur below 15 C or at 35 C. Development was most rapid at 25 and 36 
C. The effect of temperature on the rate of embryological development of T. bulhoesi at different 
stages was measured using the temperature coefficient, Q,0. The developmental temperature re- 
sponse curve obtained for T. bulhoesi was similar to enzyme temperature response curves. Our 
evidence supports the thesis that nematode embryonation, as affected by temperature, varies between 
species and between stages of development. 

Key words: temperature coefficient, Q,0. 

W h e n  Wal lace  (15) r e v i e w e d  the  l i te ra-  
t u r e  o n  the  effect  o f  t e m p e r a t u r e  o n  n e m a -  
todes  in  1961,  he  s ta ted  "a  m a t h e m a t i c a l  
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i n t e r p r e t a t i o n  of  the  i n f l u e n c e  o f  t e m p e r -  
a t u r e  o n  d e v e l o p m e n t  seems a use fu l  ap-  
p r o a c h . . . "  a n d  " t h e  m i n i m u m  a n d  opt i -  
m u m  t e m p e r a t u r e s  for  d e v e l o p m e n t  a re  
also r e l a t e d  to e n z y m e  ac t iv i ty . "  A m a t h -  
emat ica l  m o d e l  still does no t  a p p e a r  to have  
b e e n  deve loped .  M a n y  o f  these  s tudies  t r ea t  
d e v e l o p m e n t  f r o m  egg  to  j u v e n i l e  as a s in-  
gle even t .  I n  fact,  severa l  s epa ra t e  p ro -  
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TABL~ 1. Percentage o f  egg development  of  Thelastoma bulhoesi in 0.75% NaCI, pH 7.0, at 15 C. 

Stage of development 

No. cells present Later stages* Center 

1 2 4 8 16 G PV J1 R of per- 
Hours (i): 1 2 3 4 5 6 7 8 9 centages 

0 100 0 0 0 0 0 0 0 0 1.00 
1 91 3 0 0 0 0 0 0 0 1.03 
2 82 12 0 0 0 0 0 0 0 1.13 
4 56 36 1 0 0 0 0 0 0 1.40 
8 32 43 17 0 0 0 0 0 0 1.84 

16 14 53 22 0 0 0 0 0 0 2.04 
32 2 9 43 29 0 0 0 0 0 3.14 
64 No data available 

128 2 0 0 9 42 26 0 0 0 5.12 
256 2 0 0 0 0 27 43 0 0 6.48 
512 2 0 0 0 0 2 2 35 15 7.64 

* G = gastrula. PV = prevermiform. Jl = first-stage juvenile. R = resistant. 

cesses can be identified; ultimately each cell 
division can be viewed independently. Ex- 
amining the effect of  temperature on sub- 
processes such as cleavage, gastrulation, 
and maturation may be beneficial. Factors 
limiting development during discrete em- 
bryological stages should be compared for 
a variety of  nematode species. 

The  temperature coefficient, Q~0, can in- 
dicate what limits a given reaction: low val- 
ues (1.2 to 1.4) indicate physical reactions 
that depend on molecular diffusion or pho- 
tochemical effects, whereas enzyme-cata- 
lyzed reactions typically have values from 
1.3 to 5, generally close to 2 (1). Temper-  
ature coefficients may have value as eco- 
logical tools for comparing temperature ef- 
fects on different species. In this paper we 
calculate Q10 values during embryonation 

of Thelastoma bulhoesi to define conditions 
limiting the various stages of embryologi- 
cal development. 

MATERIALS AND M E T H O D S  

Female T. bulhoesi were removed from 
the hindgut of  cockroaches (Periplaneta 
americana), placed in sterile saline (0.75% 
NaC1) on a depression slide, and macerated 
with a needle to liberate unembryonated 
ova from the uteri. A cover glass was placed 
over the eggs ~to form a wet mount, and 
the slide was placed in a petri dish with 
moist filter paper in the bottom. Slides, 
each containing about 175 eggs, were in- 
cubated at 0, 5, 10, 15, 20, 25, 30, and 35 
C, and eggs were examined microscopi- 
cally (100 x) after 1, 2, 4, 8, 16, 32, 64, 
128, 256, and 512 hours. 

1 ABLE 2. Percentage of  egg development  o f  Thelastoma bulhoesi in 0.75% NaCI, pH 7.0, at 25 C. 

Stage of development 

No. cells present Later stages* Center 

1 2 4 8 16 G PV J1 R of per- 
Hours (i): 1 2 3 4 5 6 7 8 0 centages 

0 100 0 0 0 0 0 0 0 0 0 
1 94 1 0 0 0 0 0 0 0 1.01 
2 43 49 3 0 0 0 0 0 0 1.59 
4 1 27 52 15 0 0 0 0 0 2.85 
8 0 8 24 24 37 2 0 0 0 3.88 

16 0 0 0 0 15 78 3 0 0 5.87 
32 0 0 0 0 11 55 29 0 0 6.19 
64 0 0 0 0 0 0 4 91 0 7.69 

128 0 0 0 0 0 0 1 1 93 8.97 

* G = gastrula. PV = prevermiform. J~ = first-stage juvenile. R = resistant. 
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TABLE 3. Effect of temperature (as Ql0) on suc- 
cessive stages of development of Thelastoma bulhoesi 
eggs. 

15-20 20-25 25-30 
Stage of development C C C 

TABLE 4. Effects of a 5 C change in temperature 
on the embryonic development of several nematodes. 

Rate as 
Qlo for three recip- 

temperature ranges Refer- rocal 
Species ence (days) Ql~-,0 c 

1-2 cells 16.0 1.0 1.0 
2-4 cells 2.9 49.9 1.0 
4-8 cells 4.0 64.0 0.3 
8-16 cells 7.2 256.8 9.1 
16 cells to gastrula 1.0 64.2 0.3 
Gastrula to prevermiform 0.3 16.0 4.0 
Prevermiform toJ~ 1.0 64.0 4.0 

T h e  n u m b e r  o f  eggs in the 1-, 2-, 4-, 
8-, and 16-cell; gastrula (G); p r e v e r m i f o r m  
(PV); first-juvenile (J0; and resistant (R) 
stages were  coun ted  at each o f  the above 
times. T h e  n u m b e r  o f  eggs in each stage 
was divided by the total n u m b e r  o f  eggs to 
yield the pe rcen tage  in a given stage for  
each t e m p e r a t u r e  and t ime interval.  

T h e  Q~0 values for  the t e m p e r a t u r e  
ranges 15-20  C, 2 0 - 2 5  C, and 2 5 - 3 0  C 
were calculated accord ing  to the  fo rmula  
(10): 

[KI~ 1o 

where  K~ and K2 are  rates  o f  nema tode  
deve lopment  expressed as reciprocals  o f  
hours  elapsed be tween  consecut ive devel- 
opmenta l  stages, at t empera tu re s  t~ and t2. 
T h e  Qxs-2~ c for  the  interval  one-cell stage 
to J1 was calculated f rom ra te  values ex- 
t rac ted  f rom the l i tera ture  for  Haemonchus 
contortus, Meloidogyne javanica, Bunostomum 
trigonocephalum, Strongyloides fulleborni, 
Dochmoides stenocephala, Trichostrongylus re- 
tortaeformis, Meloidogyne incognita, and Coo- 
peria punctata. T h e s e  values were com- 
pa red  with that  for  T. bulhoesi. 

Because data must  be ex t remely  good 
statistically to be meaningful  as a Q~0 value, 
the data have also been  r ep resen ted  graph-  
ically. Each deve lopmenta l  stage was as- 
signed a numerica l  value, and the calcu- 
lated center  o f  percentages  for  stages was 
p lo t ted  for  each t e m p e r a t u r e  and t ime 
combinat ion  using the  formula:  

Z i  - P i  

P~ 

Haemonchus 
contortus (12) 0.0 7.0 

Meloidogyne 
javanica (3) 0.0 4.4 

Thelastoma 
bulhoesi 0.0 4.2 

Bunostomum 
trigonocephalum (2) 0.2 4.0 

Strongyloides 
fulleborni (6) 1.0 3.0 

Dochmoides 
stenocephala (8) 0.3 3.0 

Trichostrongylus 
retortaeformis (11) 0.0 1.9 

Meloidogyne 
incognita (13) 0.0 1.9 

Cooperia 
punctata (5) 0.1 1.6 

where  Pi is the pe rcen tage  o f  nematodes  
at the i th stage. 

RESULTS 

Cell division did not  occur  at 0 C, and 
only two-cell divisions took  place over  256 
hours  at 5 C. Four-cell  divisions occu r r ed  
at 10 C, a l though it r equ i red  256 hours  for  
65% of  the eggs to reach  this stage. Com- 
plete deve lopmen t  o ccu r r ed  at 15 C, al- 
though  only 15% of  the nematodes  reached  
the resistant (quiescent) stage af te r  512 
hours  (more  than 21 days) (Table  1). De- 
ve lopment  was most  rapid at 25 (Table  2) 
and 30 C, but  the largest n u m b e r  o f  nema- 
todes r eached  the  quiescent  stage at 20 and 
30 C. At 35 C embryona t ion  p ro ceed ed  
only to the  gastrula, with only 3% of  the 
eggs developing to that  stage. 

Tab le  3 lists the  calculated Q10 values for  
the th ree  t e m p e r a t u r e  ranges  and the var- 
ious stages o f  development .  T h e  Q~0 is larg- 
est at lower t empera tu res  (15-20  C) and 
early cell division, the middle  tempera-  
tures (20-25  C) for  in te rmedia te  stages, 
and high t empera tu re s  (25 -30  C) for  the  
final stages o f  larval deve lopment .  

W h en  Q~0 values were  calculated for  the  
ent ire  developmental  interval f rom the one- 
cell stage to the first juveni le  stage for  a 
variety o f  n em a to d e  species, no phyloge-  
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5 O 25oC 

• 30°C 

a 20°C 

~ 15°C 

4816 32 64 128 256 512 

Time (Hours) 

FIo. 1. The rate of development of Thelastoma bulhoesi at four temperatures. Developmental stages (i) of 
1, 2, 4, 8, and 16 cells, gastrula, prevermiform, first-stage juvenile and resistant larvae were assigned the 
numbers 1, 2, 3, 4, 5, 6, 7, 8, 9, respectively. 

netic relationships were observed (Table 
4). 

Figure 1 shows the rate of development 
at four temperatures. There is an abrupt 
change in rate of development from 8 cells 
to 16 cells over 20-25 C. This develop- 
mental interval also shows an abrupt change 
in Q10 values in Table 3. 

DISCUSSION 

Wallace (15) noted that generalizations 
on temperature requirements of nema- 
todes are difficult to make because of the 
large body of literature and frequently 
conflicting results of  different workers us- 
ing the same species. Recent literature sup- 
ports his suggested ranges for optimum 
(20-30 C), minimum (10-15 C), and max- 
imum (extremely variable with species) 
tempera tures .  These  t empera tu res  are 
similar to the shape of an enzyme temper- 
ature response curve with a rapid rate rise 
at lower temperature, a steady increase 
above 15 C, an optimum between 20 and 
30 C, and a decline above 35 C. This pat- 

tern is also documented for seed germi- 
nation (10). 

The various intervals of  development of 
T. bulhoesi have different optimum tem- 
peratures, as is evidenced by the comple- 
tion of early cell division at lower temper- 
atures than are required for later stages of 
development. The relationship between 
temperature and development does not ap- 
pear to be a simple straight line. Bishop 
(4), Wallace (14), and Gordon (9) have also 
shown that alternating temperatures can 
increase the rate of development in some 
nematodes. 

Temperatures also affect the rate of cell 
division. Completion of embryonation in 
T. bulhoesi appears to require at least 128 
hours (5.3 days) and may require 512 hours 
(21.3 days) at below optimum tempera- 
tures. High temperatures also slow the rate 
of early cell division and inhibit later cell 
division. 

Since nematodes  have de te rmina te  
cleavage, each cell division represents, to 
some extent, differentiation as well as 
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gx;owth. In vertebrate embryology the first 
several cell divisions are indeterminate with 
little differentiation occurring. However,  
even in nematodes, later cell divisions (dif- 
ferentiation) may involve a larger variety 
of  enzymes. The  limiting factor of  a "mul- 
tiple-reaction event" is the reaction, or en- 
zyme, most sensitive to that particular 
temperature range. The  enzymes of  dif- 
ferentiation are probably not the same en- 
zymes as in cell division; this could explain 
why early cell divisions are possible at both 
lower and higher temperatures than are 
tolerated by later differentiating cell divi- 
sions. Presumably a greater number of  en- 
zymes are required in differentiation. One 
enzyme is temperature dependent  and thus 
becomes a limiting factor in the entire cell 
division reaction. The  temperature coef- 
ficient formula is a calculation of  the tem- 
perature effect on the most susceptible en- 
zyme system functioning at a given time. 
Large Q~0 values indicate a temperature 
effect on an enzyme system for that par- 
ticular temperature range and stage of  de- 
velopment. If  the Qa0 is less than 1, it in- 
dicates that the limiting factors involved 
are physical, not biological. 

The  temperature coefficient has certain 
drawbacks as a statistic since it is a ratio. 
If  one considers the ratio A / B  and is 95% 
certain that A lies within the range 0.9A 
to 1.1A and similarly for B, then one is 
(0.95)(0.95) (= 90%) certain that A / B  lies 
in the range 0 .82A/B to 1.22A/B. One 
can only be 81% certain that the value of 
A / B  for the next stage lies in the range 
0 .67A/B to 1.49A/B. Data must be ex- 
tremely good statistically for Q~0 values to 
be reliable. Thus a visual format (Fig. 1) 
was used to confirm the trend indicated by 
Q,0 values. 

It seems that increasing the temperature 
from 15 C to 20 C is beneficial to early cell 
division in T. bulhoesi (Qa0 16.0) but less 
necessary to later stages of  development 
(Q~0 1.0) which presumably include more 
di f ferent ia t ion react ions.  The  ab rup t  
change in rate of  development at 8 cells 
and 16 cells over 20-25 C, as seen in Figure 
1, substantiates the evidence, provided by 
Q~0 values, that later cell divisions are more 
critically dependent  on optimum temper- 
atures. This suggests different tempera- 
ture sensitive enzymes active during early 
and late development. If  this is so, then an 

increasing temperature from 15 C to 30 C 
during development might yield a more 
rapid development than will a constant 
temperature within that range. 

Comparison of  the Q,0 values for nine 
nematode species (Table 4) revealed no'  
phylogenetic similarities in the influence of  
temperature on embryological develop- 
ment in those species. Ecological relation- 
ships may exist, but there has not been 
enough cross-discipline work between plant 
and animal nematologists to determine any 
such relationship. 

Crofton (7) identified three ecological 
groups of  sheep nematodes. A cold-weath- 
er group included members  of the genera 
Ostertagia, Haemonchus, Chabertia, and Nem- 
atodirus. Trichostrongylus spp. were inter- 
mediate while Cooperia spp. and Buno- 
stomum spp. were high-temperature 
nematodes. Table 4 shows that Haemonchus 
spp. are greatly benefitted by a 5 C rise in 
temperature over the range 15-20 C, which 
is unusual for an animal which presumably 
is adapted to cold climates. Cooperia sp., a 
high temperature nematode, seems to be 
nearly independent of  this temperature dif- 
ference and is considerably different from 
Bunostomum sp. Much of  this lack of  agree- 
ment may be attributed to the variety of  
ways in which the data were gathered. 
However,  it may also be a result of  mea- 
suring total nematode development. 

Further research on temperature effects 
on embryological development should be 
limited to discrete stages of  development 
smaller than unembryonated egg through 
first-stage juvenile, since it appears that de- 
velopment is not uniform in all stages at 
all tempera tures .  Perhaps  t empera tu re  
coefficients may prove useful in clarifying 
ecological niches of  particular nematode 
species or predicting location of species ac- 
cording to geography or time of the year. 
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New and Known Species of Pratylenchus Filipjev, 1936 
(Nematoda: Pratylenchidae) from Haryana, India, 

with Remarks on Intraspecific Variations 1 
HARISH K. BAJAJ AND D.  S. BHATTI  2 

Abstract: Two new monosexual and one bisexual species Pratylenchus Filipjev, 1936 collected from 
Haryana state of  India are described and illustrated. The  primary distinguishing features of  these 
species are Pratylenchus microstylus n. sp.: L = 331-458 #m, spear = 11 or 12 tzm; Pratylenchus cru- 
ciferus n. sp.: L = 648-793 #m, central core of lateral fields with oblique lines, hemizonid 2-8  
annules anter ior  to excretory pore; Pratylenchus ekrami n. sp.: spear = 11-13 #m, spermatheca 
oblong, post vulval uterine sac with differentiated cells, tail with 26-40  annules, males abundant .  
Studies on intraspecific variations of P. cruciferus, P. ekrami, and P. coffeae (Zimmermann, 1898) 
Goodey, 1951 revealed that  spear length and value of 'V'  are the least variable characters. Body 
length and size of  post vulval uterine sac varies to varying degrees in different species. Shape of 
median bulb in P. ekrami, number  of incisures in P. coffeae, and tail shape in P. ekrami and P. coffeae 
exhibit the greatest amount  of intraspecific variations. P. zeae Graham, 1936 and P. thornei Sher & 
Allen, 1953 are the o ther  species collected during the present studies. 

Key words: taxonomy, morphology, Pratylenchus microstylus, P. cruciferus, P. ekrami. 

Six species of Pratylenchus Filipjev, 1936 
were found to occur commonly in various 
districts of  Haryana State in association with 
several crops. Taxonomic studies on these 

Received for publication 5 August 1983. 
1 The authors thank Dr. H. Hirschmann, Department of 

Plant Pathology, North Carolina State University, Raleigh, 
North Carolina, for reviewing the manuscript and for valu- 
able suggestions. 

Assistant taxonomist and professor and head, respective- 
ly, Department of Nematology, Haryana Agricultural Uni- 
versity, Hissar-125 004, India. 

species revealed three new species which 
are described here. The three other species 
are P. zeae Graham, 1951, P. thornei Sher 
& Allen, 1953, and P. coffeae (Zimmer- 
mann, 1898) Goodey, 1951. Intraspecific 
variations in P. coffeae, P. cruciferus n. sp., 
and P. ekrami n. sp. were also studied to 
clarify the extent of  variability of  morpho- 
logic and morphometric characters. 

The  specimens were killed and fixed in 
hot 4% formalin and processed to anhy- 
drous glycerine by the slow method. 
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