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Morphology, Oviposition and Embryogenesis in an 
Australian Population of Acrobeloides nanus 
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Abstract: A population ofAcrobeloides nanus in Australia is described and illustrated, based on light 
and scanning electron microscopy. Embryogenesis from egg laying to hatching is followed over a 
wide range of  temperatures.  At 15 C, hatching occurs in about 125 hours and at 35 and 37.5 C after 
about 40 hours. At 40 C, egg development ceases early in cleavage. The  capacity of A. nanus to 
develop over such a range of  temperatures, and its anhydrobiotic capabilities, are discussed in 
relation to its survival and wide distribution in Australia. 
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An Australian population of  Acrobeloides 

nanus was isolated and cultured on both 
Gram-negative and Gram-positive bacteria 
(5). Under  certain conditions this nema- 
tode reduced the numbers of  a bacterial 
biocontrol agent in the soil (see note added 
in proof). Descriptions of  A. nanus have al- 
ready been published from material origi- 
nating in Canada (1) and Sweden (7). Al- 
though A. nanus is widely distributed in 
Australian soils (9), no description has 
been published of  any Australian popula- 
tion. Furthermore,  we are not aware of 
any studies on embryogenesis at different 
temperatures for A. nanus. Accordingly, in 
this paper we describe the morphology of  
an Australian population of  A. nanus, its 
egg-laying behavior, and its rates of  em- 
bryogenesis and hatching at different tem- 
peratures. 

MATERIALS AND METHODS 

Acrobeloides nanus was isolated from soil 
from Wagga Wagga, New South Wales, 
Australia and reared on Pseudomonas corru- 

gata growing on plates of  4% malt extract 
agar (Oxoid CM 59) at 22-23  C. The  
nematodes were washed from these plates 
with sterile distilled water (SDW) and ex- 
amined alive in either sealed or sitting 
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drop slides. To study rates of  hatching and 
embryogenesis, eggs of  similar develop- 
ment were collected from young, gravid 
females, which has been transferred to a 
sitting drop slide. After a minimum of six 
eggs had been laid, the females were re- 
moved, the eggs were grouped together to 
facilitate viewing, and the drop was sealed 
with a coverslip. Observations of  living ma- 
terial were made with a Vanox A H B T  re- 
search microscope equ ipped  with both 
bright field and interference contrast op- 
tics. Photographs were taken of  still objects 
using Ilford Pan F film and of  moving ob- 
jects using Ilford Delta 400 film. 

For morphological studies by light mi- 
croscopy, nematodes were first killed and 
fixed in suspension by adding an equal vol- 
ume of boiling double strength FA 4:1 (20 
m140% formaldehyde and 2 ml glacial ace- 
tic acid in 78 ml SDW). Specimens then 
were processed to pure  glycerol as de- 
scribed by Seinhorst (11), mounted in des- 
iccated glycerol on slides, and sealed by 
molten paraffin and a coverslip (8). For 
scanning electron microscopy, nematodes 
were fixed in phosphate-buffered (pH 7.3, 
0.1M) 4% paraformaldehyde at 0 C, fol- 
lowed by repeated washes with SDW be- 
tween immersions in solutions of  1% os- 
mium tetroxide and freshly made, filtered, 
saturated aqueous thiocarbohydrazide (5). 
Washed nematodes were dried either di- 
rectly on the aluminium surface of  an SEM 
stub or  on a glass coverslip attached to an 
SEM stub, and then gold coated. The  
nematodes were examined in a Cambridge 
S 250 Mk 3 SEM operated at 20 kV. 
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RESULTS 

Description 

(Note: measurements  given [Table 1] 
are of  15 9 9, unless specified otherwise.) 

AcrobeIoides nanus (de Man, 1880) 
Anderson, 1968. 

Body of specimens, fixed in cold 4% 
buf fe red  pa ra fo rmaldehyde  and trans- 
fer red  into glycerol, straight or nearly 
straight. Cuticle 1 p~m thick, divided into 
smooth annules that are 1.5-2.4 p~m wide 
at midbody.  Lateral field with five in- 
cisures f rom cardia to rectum, the in- 
cisures disappearing anteriorly in the neck 
region and posteriorly on the tail, except 
for the middle incisure, which continues to 
the tail tip (Fig. 1E,F). Lip region not or 
only weakly offset, 8-9 p~m wide, with 
small slit-like amphidial apertures and 6 + 
4 pap i l l ae  (Figs. 1D,2B). Lips low- 
rounded ,  partly fused, the lateral lips 
slightly smaller than the others. Labial 
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FIG. 1. A,B) Female reproductive system o f  Acro- 
beloides nanus  with accompanying coelomocytes. C) 
Anterior end in median view. D) Lip region in surface 
view. E,F) Tails. G) Neck region. Scale bar = 10 ~m 
for C, D and 15 ~tn for A, B, E, F, G. 

T*BI.E 1. Measurements (in p~m) of 15 females of 
Acrobeloides nanus  fixed and mounted in glycerol. 

Mean SD Range CV 

Length 417 22.7 359-452 
Body width 27 2.2 24-31 
Pharynx length 118 3.9 110-126 
Tail length 17 1.4 15-21 
Anal width 14.5 0.9 13-16 
a 15 1.2 14-18 
b 3.5 0.17 3.3-3.9 
c 25 1.6 22-28 
c' 1.2 0.07 1.1-1.3 
Stoma 13 0.7 12-15 
Corpus 61 2.0 57-64 
Isthmus 25 1.8 22-30 
Bulbus 18 1.3 15-20 
Nerve ring 79 3.8 71-85 
Excretory pore 87 3.9 79-94 
Deirid 98 4.8 89-107 
n.r. (% pharynx) 67 2.2 64-71 
e.p. (% pharynx) 74 2.8 69-79 
deir[d (% pharynx) 84 3.7 75-90 
Rept 41 1.8 37-45 
Rdei~" 47 1.5 45--51 
V (%) 66 1.0 65-69 
G (%) 32 2.5 26--35 
Rectum 16 2.3 10-19 

"~ Rcp = ventral annules between lip region and excretory 
pore; Ra~ i = ventral annules between lip region and deirid. 

probolae low, blunt, and ridge-shaped, 
connected by tangential ridges (Fig. 2B). 

Stoma cephalobid, with at least six re- 
gions; cheilorhabdia granule-shaped (Fig. 

5.4 1C). Corpus fusiform, 2.4-2.9 times as 
7.9 long as isthmus; isthmus anter ior  with 
3.3 
8.3 prominent muscle fibers. Nerve ring at an- 
6.2 terior end of isthmus, somewhat anterior 
7.8 to secretory-excretory pore (Fig. 1G). Deir- 
4.7 ids lying three to eight annules posterior to 
6.4 
6.1 secretory-excretory pore, i.e., near isth- 
5.7 m u s - b u l b u s  j u n c t i o n .  Ca rd i a  small-  
3.2 rounded, usually fixed in open condition, 
7.3 
7.4 4--6 p~m long. 
4.8 Vulva inconspicuous, located at two- 
4.5 thirds of  body length. Vagina 8-10 ~m 
4.9 long (n = 6), i.e., about one-third of  cor- 
3.3 
3.9 responding body width. Female reproduc- 
4.5 tive system cephalobid (Fig. 1A,B). Post- 
4.4 vulval sac rudimentary, 7-12 ~m long (n 
3.2 = 9), consisting of small cells merging with 
1.6 
7.7 the ventral chord. Spermatheca 8-18 ~m 

14.8 long, never with sperm. Oviduct short, 
with unclear number  of cells, usually re- 
flexed but occasionally outstretched along- 
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FIG. 2. Scanning electronmicrographs of Acrobeloides nanus. A) Two young females illustrating the charac- 
teristic slug-like shape and rounded tails. Scale bar = 50 Ixm. B) Head at higher magnification showing 
characteristic labial probolae, the six lips with cephalic probolae and labial and cephalic papillae (small arrows), 
and one of  the two amphid apertures (large arrow). Scale bar = 2 p.m. C) Tail showing the crescent-shaped 
anus and the two phasmids (arrows). Scale bar = 5 p.m. 
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FIG. 3. Stages of  egg laying in a specimen ofAcrobeloides nanus. This process takes only a few seconds. Scale 
bar = 50 I~m. 



TABLE 2. Measurements (in I~m) of  living eggs of 
Acrobeloides nanus.  

Number Stage Mean SD Range CV 

Freshly laid 
28 Length 54.7 3.6 44-62 6.6 
28 Width 25.4 1.5 23.3-27.9 5.9 

Late larval 
17 Length 57.3 3.4 49.6-62 5.9 
17 Width 31.1 2.1 27.9-34.1 6.6 

side spermatheca by the ripest oocyte in 
the ovary (Fig. 1B). Ovary straight or with 
multiple flexures, with 19-29 oocytes, of 
which 10-24 in double file. Two females 
gravid, dimensions of two eggs: 51-53 p,m 
by 22-25 Ixm. 

Anus crescentic (Fig. 2C). Rectum 0.7- 
1.3 anal body widths long. Phasmids lo- 
cated at 5 - i0  ~m from anus, i.e., at 33- 
52% of tail length. Tail short and bluntly 
rounded, with four to seven annules ven- 
trally (Fig. 2A,C). 

Males not found. 

egg  aying 

Egg laying was observed in about 10 
nematodes in sitting drop slides. The vulva 
becomes more conspicuous and the nema- 
tode flexes itself in a characteristic manner 
as egg laying takes place. From the com- 
mencement of  egg emergence, the whole 
process takes only a few seconds (Fig. 3A- 
D). The eggs are usually laid when they are 
at the one- or two-celled stage. 

Freshly laid eggs (Table 2) had mean di- 
mensions of  55 ~m by 25 p.m (n = 28), 
compared with similar eggs that were close 
to hatching, which had mean dimensions 
of  57 Ixm by 31 Ixm (n = 17). These 

TABL~ 3. Stages of  embryogenesis in Acrobeloides 

A. nanus in Australia: Bird et al. 611 

changes are doubtless brought about by 
the activity of the larva within the egg. In- 
dependent t tests were used to test differ- 
ences between the mean length and mean 
width of eggs at different stages of  devel- 
opment. There was a significant difference 
between the length of  the egg in the 
freshly laid and larval stages (P < 0.02). 
There was also a significant difference (P 
< 0.001) between the width of egg in the 
freshly laid and larval stages. Clearly the 
stage that egg development has reached is 
important if measurements are made. 

Embryogenesis 

Embryogenesis was observed in sitting 
drop slides over a range of temperatures 
(Table 3). In all instances from 15 to 37.5 
C, larvae hatched from the eggs. At 40 C, 
development did not proceed beyond a 
few cell divisions. Development at 35 and 
37.5 C was similar, and it seems likely that 
the most rapid rate of  embryogenesis  
would occur close to 36 C. However, only a 
few hours separate the rates from laying to 
hatching in the 30 to 37.5 C range. This 
population of  A. nanus clearly develops 
most rapidly at high temperatures whilst 
retaining the ability to continue to develop 
and to hatch out at much lower tempera- 
tures. The various stages of  development 
at 37.5 C are shown in three out of six eggs 
observed (Fig. 4A-N). At this tempera- 
ture, the L 1 that hatched became immobile 
within 4 hours compared with L 1 hatched 
at 35 C and the others at lower tempera- 
tures, all of which remained mobile. 

First-stage larva 

The L1 (Fig. 5) differs from the other 
stages in having a characteristic spike at 

nanus at different temperatures. 

Temperature Multicell Gastrulation Tadpole Elongation Hatch 
(C) (hours) (hours) (hours) (hours) (hours) 

15 20 28 54 68 125 
23 8 18 26 32 55 
30 6 - -  20 28 43 
35 4 14 18 20 40 
37.5 6 15 18 20 40 
40 a few divisions and then no development 
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FIG. 4. Stages of embryogenesis at 37.5 C in three freshly laid eggs ofAcrobeIoides nanus. A) 1--4 cell stages 
a few minutes after laying. B) Eggs with several cells after 1 hour. C) After 3 hours, divisions continue. D) After 
6t/2 hours, multicell stages. E) After 15'/2 hours, gastrula stage developing into tadpole showing some move- 
meat. F) After 18 hours, all in tadpole stage. G) After 20 hours, elongating. H) After 22 hours, elongated. I) 
After 24 hours, development within elongated larvae. J) After 27 hours, development continuing. K) After 30 
hours, Lt developing. L,M) After 33 hours, photographs taken within a few seconds of each other to illustrate 
degree of  larval movement. N) After 40 hours, one L1 has hatched. Scale bar = 50 I~m. 
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FIG. 5. Freshly hatched living larva ofAcrobeloides nanus, photographed in a sitting-drop slide after 43 hours 
at 30 C and showing junct ion of pharynx and intestine (large arrow) and spike at end of tail (small arrow). Note 
that living forms are slightly longer and wider than the glycerol mounts measured in Table 4. Scale bar  = 50 
l.~m. 

the tip of  its tail. It measures approxi- 
mately 180 Ixm in length and 14 Ixm in 
width (Table 4) and has proportionally a 
much longer pharynx compared with its 
total length, i.e., ratio b = 2.3 (Table 4), 
than in the adult, where ratio b = 3.5 (Ta- 
ble 1). 

DISCUSSION 

Identification of  the Australian popula- 
tion of  A .  n a n u s  is based mainly on com- 

parison with the descriptions of  that spe- 
cies by Anderson (1) and Bostr6m and Gy- 
demo (7). Our  specimens agree rather well 
with A .  n a n u s  as described from Canada 
but tend to have somewhat shorter tails (c 
= 22-28 vs. 14-23 and tail length 15-21 
Ixm vs. 14-30 Ixm), with slightly fewer ven- 
tral annules (4-7 vs. 5-12 counted on Figs. 
3G, 4R-Z in Anderson's paper) (1). Com- 
pared with the description of  A .  n a n u s  

from Sweden by Bostr6m and Gydemo (7), 

TABLE 4. Measurements (in ~m) of first-stage larvae ofAcrobeloides nanus fixed and mounted  in glycerol. 

Measurement Number Mean SD Range CV 

Length 23 179.7 9.0 152-195 5.0 
Body width 22 13.7 1.8 12-16 13.0 
Pharynx length 20 79.8 3.8 71-84 4.8 
Tail length 10 14.0 2.1 12-16 15.0 
a 22 13.3 1.7 11.1-15.9 12.8 
b 19 2.3 0.2 2.1-2.7 8.7 
c 10 13.5 2.2 11.1-16.3 16.3 
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our specimens again have shorter tails (c = 
22-28 vs. 13-21 and tail length 15-21 p,m 
vs. 20-36 ~m), with fewer ventral annules 
(4-7 vs. 8-15 counted from Fig. 1F, 2H-L 
in Bostr6m's and Gydemo's paper) (7). 
Also, both Anderson (1) and Bostr6m and 
Gydemo (7) found greater variability in 
numerous respects. This is to be expected, 
as these workers examined material cul- 
tured under  different conditions as well as 
field populations, whereas our material 
was derived from a single soil source and 
cultured under  uniform conditions. We 
are reasonably confident that our material 
is conspecific with the Canadian and Swed- 
ish populations. 

Egg laying or oviposition in A. nanus re- 
sembles that of  other nematodes that have 
been described (4) in that the process is 
rapid and the shell is compressed so that 
the egg emerges from the vulva as a spher- 
ical "bud," which enlarges as the egg cyto- 
plasm streams into it; the egg immediately 
returns to its normal oval shape once it has 
been laid. In the past, this process, coupled 
with the movement of the nematode (Fig. 
3A-D) could only be captured using cin6 
photomicrography. We have been able to 
capture this sequence using still photomi- 
crography and modern high-speed, fine- 
grain black-and-white film. 

During our analyses of the numerous  
photographs taken of eggs undergoing 
embryogenesis at different temperatures, 
we noticed that there was a significant dif- 
ference in the size of freshly laid eggs com- 
pared with those that had developed to the 
late larval stage. We decided to see if this 
applied to other  genera of  nematodes 
where embryogenesis of  individual eggs 
had been followed. Accordingly, we mea- 
sured photographs of developing eggs of 
Meloidogyne (3, Fig. 2A,G) and similar pho- 
tographs of Anguina (6, Figs. 2,8). Paired t 
tests were performed on these measure- 
ments, as each individual egg could be 
identified at both stages. The null hypoth- 
esis tested was that the mean of the popu- 
lation of differences between stages for 
each egg is zero. For the Anguina eggs, 
there was no significant difference be- 

tween the lengths of eggs in the two stages, 
but there was a significant difference be- 
tween the widths (P < 0.001). There were 
significant differences between stages for 
both length (P < 0.01) and width (P < 
0.01) for the Meloidogyne eggs. These dif- 
ferences would appear to be due to a com- 
bination of  larval movement and plasticity 
or stretching of the egg shell. It seems that 
because these dimensional changes occur 
in nematodes from widely separated taxa, 
they may be of universal occurrence. Ac- 
cordingly, the stage of development of the 
egg should be taken into account if taxo- 
nomic measurements are being made. 

The wide temperature range over which 
embryogenesis takes place in A. nanus, cou- 
pled with its ability to develop at relatively 
high temperatures and survive at high 
temperatures in the anhydrobiotic state, 
help explain its world-wide distribution, its 
ability to colonize newly formed volcanic 
islands such as Surtsey off the coast of Ice- 
land (12) and Krakatau, Indonesia (10), 
and its wide distribution in Australia. In 
that country, it is found in arid areas 1500 
Km apart (9), in various different soil types 
and locations in agricultural areas around 
Adelaide, South Australia (13), and on 
Kangaroo Island off  the coast of  South 
Australia. The ability ofA. nanus to survive 
in a wide range of environments, coupled 
with its ability to consume a range of bac- 
teria and its ease of culture, may give it 
potential as a biocontrol agent. 
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NOTE ADDED IN PROOF 

Information regarding reduction of bacterial num- 
bers by A. nanus has been accepted for publication in 
December as follows: Ryder, M. H., and A. F. Bird. 
1993. Effect of Acrobeloides nanus (Nematoda: Ceph- 
alobidae) upon the survival of Pseudomonas corrugata 
(Eubacteria) in pasteurized soil from Kapunda, South 
Australia. Tranactions of the Royal Society of South 
Australia 117, in press. 
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