
the nematode, infection levels in first instars 
were significantly lower than in second or 
third instars and about  the same as for the 
fourth instars. Infection levels of first- and 
fourth-instar larvae exposed in mixed larval 
stages were significantly different (P < 0.05) 
than first and fourth instars exposed alone  
under  similar conditions, whereas differ- 
ences were not  significant for second- and 
third-instar larvae. 

These data clearly indicated that  under  
laboratory conditions the susceptibility of a 
given instar is affected by the stage of de- 
velopment  of the mosquito popula t ion in 
which it  is exposed. This  may also be the 
case in nature and could be a major  factor 
in the reduced levels of infection encoun- 
tered in first-instar larvae in previously 
ment ioned studies (1,3). 
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T h e  cause of the reduced levels of para- 
sitism in early instar mosquitoes in a popu- 
lation of mixed larval stages is unknown;  it  
could be due to the larger surface area of  
the older hosts. T h e  factor may be of sig- 
nificance in biological control. 
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Effects of Culture Age on the Shipment Survival of the 
Mosquito Parasite Romanomermis culicivorax 

James J. Petersen and R. Levy ~ 

T h e  mermithid  nematode Romanomer- 
mis culicivorax Ross and Smith has drawn 
considerable interest as a potential  biolog- 
ical control agent for larval mosquitoes over 
the past 10 yr. Since the isolation and initial 
studies of this parasite at the Gulf  Coast 
Mosquito Research Laboratory (GCMRL),  
Lake Charles, Louisiana, there has been 
much demand to supply researchers with 
cultures of this nematode. As an example, 
in the past 2 yr (1978-79), 86 shipments 
have been made from this laboratory to 35 
locations, 24 of which were outside the 
Uni ted States. For shipment, cultures of R. 
culicivorax in sand were placed in plastic 
bags and then into styrofoam containers to 
protect them from temperature  extremes. 
Nevertheless previous delivery reports usu- 
ally indicated heavy losses in preparasite 
yields, often in excess of 80-90%. Direct 
observations of large numbers of cultures 
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transported to E1 Salvador (3) and Africa 
revealed that the stress imposed upon the 
cultures dur ing transportat ion resulted in 
an early egg hatch or the nematodes being 
killed by the shearing action of the culture 
sand. 

Similar problems were encountered by 
Fairfax Biological Laboratories,  Clinton 
Corners, New York, when they at tempted to 
distribute R. culicivorax, and they discon- 
t inued their efforts to market  the nematode. 
Since early egg hatch appeared to be a major  
cause of mortal i ty in the infective-stage 
nematodes (preparasite), this study was ini- 
tiated in cooperat ion with the Lee County 
Mosquito Control  District (LCMCD), Ft. 
Myers, Florida, to determine if culture age 
at time of shipment effected nematode 
yields. 

Cultures used in the study were obtained 
from normal stocks maintained at the 
G C M R L  (2). As cultures matured to the 
desired age, half  of each was placed into a 
plastic bag and shipped in styrofoam con- 
tainers to the LCMCD. T h e  haILculture 
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that  was retained was held undis turbed in 
the original culture tray. Half-cultures were 
shipped when they were 2, 4, 6, 8, 10, 12, 
and 14 wk old, and all age groups were repli- 
cated eight times. 

Preparasi te  yields in the half-cultures 
were determined at bo th  laboratories. Half-  
cultures were flooded with 800 ml  of 
chlorine-free water  for 16 h and the num ber  
of preparasites in suspension determined by 
count ing the num ber  of preparasites in 
three 1-ml samples from each of two dilu- 
tions (six counts) for each culture. T h e  
high and low counts were disregarded and 
the mean of the four remain ing  counts was 
used to determine the numbers  of prepara-  
sites. Only actively swimming nematodes 
were counted. All tests were conducted at 
ambien t  temperatures  (25-27 C). 

T h e  yields f rom halbcultures 10-14 wk 
old at the t ime of sh ipment  were deter- 
mined  1 wk after shipment;  yields f rom 
younger  halbcultures were determined 
when they were 10 wk old. Cul ture  hatch 
was synchronized as much  as possible be- 
tween the two locations. After  the pre- 
parasite counts were made, free moisture  
was removed and the half-cultures stored for 
an addi t ional  3 wk and hatched a second 
time. If  the total combined hatch from both  
locations for a given culture failed to yield 
one mil l ion or more  preparasites, that  cul- 
ture was discarded and another  repl icat ion 
shipped in its place. 

T h e  yield (both hatches) f rom shipped 
half-cultures of all age groups was reduced 
29-87%,  compared to the unshipped half- 

Table I. Comparison of hatches of preparasites of 
tures at seven ages. 

2, April 1981 

cultures (Table  1). However,  the difference 
was not significant for half-cultures shipped 
when 2 wk old (actually three of the eight 
halbcultures shipped at this age yielded 
more preparasites than  corresponding un- 
shipped portions). Losses in total yield for 
shipped half-cultures increased linearly from 
29 to 81% (r = --0.99) for the 2-8-wk-old 
cultures, remained constant at 79-81% for 
8-12-wk-old cultures, and increased to about  
87% for 14-wk-old cultures. Preparasi te  
yield f rom only tile first hatch followed a 
similar pattern.  

T h e  differences in yield f rom the second 
hatch between the shipped and unshipped  
half-cultures were not  significant for five of 
the seven age groups, and the shipped half- 
cultures averaged higher yields than the un- 
shipped half-cultures for the 6-wk-old cul- 
tures. Also, the yields declined with age 
from both  shipped and unshipped  half- 
cultures. T h e  second hatch accounted for 
only 9 -19% of the total yield for unshipped 
ctdtures. 

These  results confirm earlier observa- 
tions that  sh ipment  of R. culicivorax cul- 
tures resulted in significant losses of yields 
of infective-stage nematodes.  T h e  correla- 
tion between increased loss of yield and  in- 
creased age of the culture at the t ime of 
sh ipment  strongly suggests that  agi tat ion 
dur ing sh ipment  resulted in the early hatch 
of nematode eggs. T h e  high losses (81-90 %) 
exhibi ted for the 8-14-wk-old half-cultures 
were sustained by matu re  eggs that  hatched 
and were killed dur ing  shipping. Most 
preparasites obta ined f rom these shipped 

R. culicivorax between shipped and unshipped cul- 

Number of hatched preparasites (X 10s)t 
First hatch Second hatch Total hatch 

Un- Un- Un- 
Age (wk) shipped Shipped % loss shipped Shipped % loss shipped Shipped % loss 

2 2,829 2,086 NS~ 27 680 413 NS 39 3,509 2,498 NS 29 
4 2,765 1,634 * 39 566 495 NS 13 3,390 2,130 * 37 
6 2,405 861 ** 61 364 566 NS 36 2,769 1,425 * 49 
8 2,588 340 ** 87 388 222 ** 43 2,976 563 ** 81 

10 2,447 319 ** 87 474 240 * 49 2,796 559 ** 80 
12 1,968 366 * * 81 262 98 NS 63 2,230 464 * * 79 
14 2,048 210 ** 90 207 92 NS 56 2,256 302 ** 87 

'l'Means for eight replications. 
~-NS = not significant; * significant at P = 0.05; ** significant at P ~ 0.01. 



Shipment Survival of Romanomermis culicivorax: Petersen, Levy 231 

half-cultures were produced from eggs ma- 
turing subsequent to shipment. In 2-wk-old 
cultures, few if any eggs are mature  (1), 
which suggests that the observed losses 
(29%) were a result of damage to either 
matur ing and ovipositing adults or to im- 
mature eggs. 

These data suggest that if R. culicivorax 
is to be successfully shipped, methods must 
be found to prevent disturbance of cuhurcs 
being prepared for shipment and to pack 
cultures so as to prevent shock and shearing 
by the culture sand during shipment. Also 
a culture medium other than sand must be 
found to reduce shipping weight and dam- 
age to the nematodes. Until  these are de- 

veloped, shipment  of very young cultures 
(2-4 wk) is recommended to increase the 
chances of successful delivery of R. culici- 
vorax eggs. 
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Observations on the Cuticle Ultrastructure of 
Meloidogyne hapla Males 

P. W. Johnson ~ 

T h e  cuticle ultrastructure of males of 
Meloidogyne incognita (Kofoid and White)  
Chitwood and M. javanica (Treub)  Chit- 
wood has been described by Baldwin and 
Hirschmann (1) and Bird (2), respectively. 
The  structure reported for the two species 
was in general agreement: the external  
cortex in M. incognita could be resolved 
into five layers, similar to those observed in 
tile second stage larvae of M. javanica (2). 
This  report  presents observations on the 
cuticle ultrastructure of males of M. hapla 
Chitwood. 

Nematodes used in this study were cul- 
tured (5), extracted from soil and killed, 
fixed, and embedded in water agar as previ- 
ously described (4). Specimens were pre- 
pared and examined as described by John- 
son and Graham (5). Layers observed in 
the cuticle are numbered  and described in 
centripetal order and named according to 
the cuticular nomenclature  system-cortex,  
median, and striated zones--proposed by 
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Johnson and Graham (5) and adopted by 
Bird (3). 

Tlle cuticle structure of M. hapla males 
is shown in Figs. 1-3. T h e  cuticle averages 
approximately 1.5/~m in total thickness and 
consists of eight layers divisible into three 
zones: a five layered cortex (layers I-5), a 
two-layered median zone (layers 6 and 7), 
and a striated basal zone (layer 8). 

T h e  five-layered cortex (Fig. 1) consisted 
of 1) a thin electron dense layer, 2) a thin 
electron transparant layer, 3) a thin electron 
dense layer, 4) a thicker moderately electron 
dense layer, and 5) an electron dense inner 
layer. T h e  five layers average approximately 
0.1 ~m in total thickness. Layer 5 is well de- 
fined at its outer  edge but  more diffuse at 
its inner boundary  with the median zone. 

T h e  outermost layer of the median zone 
(layer 6) is of moderate electron density, ap- 
pears to be of a fibrillar nature, and aver- 
ages approximately 0.5 #m in thickness 
(Figs. 2, 3). Layer 7 appears as a fluid-filled 
region frequently crisscrossed with fibrillar- 
like material originating from layer 6. This  
layer, averaging approximately  0.4 p~m in 
thickness is variable in width and actually 


