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Abstract
In 2021/2022, galls formed by a nematode, Anguina woodi, were found on the stems, leaves and leaf sheaths of dune grass, 
Ehrharta villosa var. villosa on Milnerton Beach, Blouberg Beach and Langebaan, Western Cape Province, South Africa. 
These galls were spongy in texture, deep purple to blackish in colour and non-pedunculate. They were found in clusters, 
but also as single entities. Larger, harder galls varying from beige to dark brown in colour, apparently caused by insects, 
were also found on the stems of dune grass at Blouberg Beach and Langebaan Nature Reserve. Some nematode galls were 
found immediately next to or on top of the insect galls. Those found on top of insect galls seemed to be harder and drier than 
those found on stems not infected by insect galls. The co-infection of insects and anguinid nematodes has not been reported 
from the current study areas and was thus included in the present study. Both molecular and morphological studies were 
conducted on the nematodes and wasps leading to the identification of a host specific, gall-forming nematode from all three 
localities. The wasps were identified morphologically and molecularly to the family Eurytomidae (Hymenoptera). No insect 
galls were found on dune grass from Milnerton Beach. The paper includes speculations on a probable association between 
nematodes and insects.

Keywords  Anguina woodi · Anguinidae · Morphological and molecular identification · Insect galls · Ehrharta villosa 
grass · Nematode galls

Introduction

In 2021/2022, anguinid galls were found on dune grass, 
Ehrharta villosa Schult. at Milnerton Beach, Blouberg 
Beach and Langebaan, Western Cape Province, South 
Africa. In basic morphology the nematode galls seemed 
conspecific with galls formed by Anguina woodi Swart et al. 

2004 from Milnerton Beach on dune grass E. villosa Schult. 
var. villosa (Swart et al. 2004). According to Subbotin et al. 
(2004), preliminary molecular data suggest that anguinid 
nematodes are generally associated with host plants from 
the same or related systematic groups in the Poaceae and 
the Asteraceae. However, they suggested that the combined 
analysis of the ITS region of different genes would enhance 
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our understanding of gall-forming nematode phylogeny and 
their coevolution with host plants.

Further examination of the dune grass stems showed 
larger, hard, dark brown galls, which on opening them con-
tained insect larvae and showed small exit holes of wasps. 
Nematode galls sometimes situated on top of, or next to the 
insects’ galls, were always brown to dark brown in colour, 
and appeared harder and drier than those found on grass 
stems and leaves. This study was therefore expanded to 
include an examination and counts of the occupants of the 
nematode galls that were in close proximity to the insect 
galls. In South Africa, the gall midge Mitodiplosis graminis 
Kieffer induces stem galls on E. villosa var. villosa (Kolesik 
and Wood 2019). They also reported that the large, empty 
larval chambers left by the midge were occupied by A. 
woodi, a host-specific, gall-forming nematode. Kolesik 
and Wood (2019) argued that it seemed unlikely that this 
nematode was involved in a mutualistic relationship with 
the gall midge, as is found between the nematodes of the 
genus Fergusobia and the gall flies of the genus Fergusonina 
in Australasia. Another report from South Africa described 
the association between the nematode Schistonchus afri-
canus Vovlas, Troccoli, Van Noord & Van den Berg, 1998, 
a strangler fig tree (Ficus thonningii Blume) and its pollina-
tor wasp, Elisabethiella stuckenbergi Grandi (Vovlas et al. 
1998).

The present paper presents the results of the identification 
of the Anguina nematodes found in three localities in South 
Africa, as well as the counts of the nematodes within the 
galls at the different localities. The insects inside the insect 
galls were also identified and possible associations between 
the nematodes and insects were explored.

Materials and methods

Study sites

The study areas selected for this study were Milnerton 
Beach, Langebaan, (West Coast National Park) and Blou-
berg Beach (Kelpbaai) in the Western Cape Province and 
will be referred to as Milnerton, Langebaan and Blouberg 
in the rest of this study. These localities were chosen, as 
known and unknown Anguina species have been reported 
from them (Swart et al. 2004; Marais 2022; A. Wood, per-
sonal communication). A research permit to sample organ-
isms associated with E. villosa in the West Coast and Agul-
has National Parks was obtained by A. Wood (Permit No. 
CRC/2022–2023/005—2022/V1).

Grass samples with galls were collected by A. Wood from 
Milnerton Beach (S 33° 50´41.6 E´ 18° 29 15.9’) (Fig. 1 
a-c), Langebaan (S 33° 07ʹ 33.9″ E 18° 03ʹ 37.7″) (Fig. 2b 
and c), and from Blouberg Beach (S 33° 45ʹ 17.9″ E 18° 26ʹ 

31.8″) (Fig. 2a). Twenty galls were randomly chosen from 
each locality and the nematodes within them were sorted 
into females, males, juveniles and eggs, which were counted 
per gall. Insect galls were found on grass from Langebaan 
and Blouberg only.

Nematode studies

Morphological identification

A total of 20 galls were randomly chosen from Milnerton 
and Langebaan, and 20 females and 20 males were selected 
from each locality. Working under a Nikon dissecting micro-
scope, fitted with a light source from above, a scalpel was 
used to cut open the galls. Two layers were covering each 
nematode gall, the first being harder and the inner layer 
softer and lighter in colour. After removing the second layer, 
the nematodes were visible or were spontaneously released 
from the galls (Fig. 10b). Nematodes were killed and fixed in 
FAA (6 ml formalin (40%), 20 ml ethanol (95%), 1 ml acetic 
acid and 40 ml distilled water) at a temperature of 60–70 °C. 
After 2 days, the nematodes were transferred to the dehydrat-
ing mixture of 1.25 ml glycerol and 98.75 ml distilled water 
to start their processing into pure glycerol. The Syracuse 
dish with the nematode suspension was partly covered and 
kept for 6 weeks at room temperature to allow the dehydra-
tion mixture to slowly evaporate, leaving the nematodes in 
pure glycerol. The Syracuse dish was then stored in a desic-
cator, with CaCl2 as the desiccant, until the specimens could 
be mounted (Hooper 1970; Kleynhans et al. 1996; Marais 
et al. 2017). The nematodes were mounted on permanent 
glass microscope slides and measurements and drawings 
were done by means of a Nikon Labophot-2 Research Micro-
scope equipped with a drawing tube at the Nematology Unit 
at Agricultural Research Council-Plant Health and Protec-
tion (ARC-PHP), Roodeplaat East Campus, Pretoria. Meas-
urements of curved structures were made along the median 
line. The Blouberg anguinids were identified by molecular 
means only. As they were molecularly conspecific with the 
anguinids from Milnerton and Langebaan, a morphological 
identification was deemed unnecessary.

The following morphometrical terms were used in the 
study:

L: total body length in millimetres (mm).
a: body length/body width at vulva.
b: body length/distance from anterior end to end of phar-

ynx lobes.
c: body length/tail length (anus or cloaca to tail terminus).
cʹ: tail length/body width at anus or cloaca.
V: distance from anterior end to vulva/body length × 100 

(%).
DGO: length from the posterior end of stylet knobs to 

dorsal oesophageal gland opening (µm).



Zoomorphology	

PUS: length of the post-uterine sac from the vulva to the 
posterior end of the sac (µm).

Molecular identification

For DNA extraction, nematodes were collected from galls 
and put into 1.5 µl micro centrifuge tubes containing 8 µl 
of distilled water. Three micro centrifuge tubes were used 
and labelled as follows: M for Milnerton, L for Langebaan 
and B for Blouberg. Tubes M1 and L1 contained one nem-
atode, tubes M2 and L2 had two nematodes and tubes M3 
and L3 had 10 nematodes. Ten microlitres (10 μl) nema-
tode extraction buffer was added containing the following 

ingredients: 10 mM Tris, pH 8.2; 2.5 mM MgCl2; 50 mM 
KCl2; 0.45% Tween 20; 0.05% gelatine and 60  μg/ml 
Proteinase-K (Thomas et al. 1997) was added and frozen 
at − 70 °C for 15 min. The extract was put in a water bath 
at 60 °C for 60 min and then the Proteinase-K was dena-
tured by heating at 95 °C for 15 min (Ma et al. 2011). 
The DNA amplification was performed using conventional 
PCR (Powers et al. 2001) in the Thermal Cycler (Bio-
Rad T100 machine,) according to the cycling parameters 
described in Table 1 (See supplementary information). 
PCR was performed in 0.2 ml microcentrifuge tubes with 
the reaction mixture containing 10× PCR buffer for DNA 
polymerase and 12.5 μl OneTaq™ (Master Mix), 1 μl of 

Fig. 1   Milnerton. a Ehrharta 
villosa grass—arrow show-
ing the insect gall, b sample 
examination on site, c Milnerton 
beach
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the forward TW81: 5ʹ-GTT​TCC​GTA​GGT​GAA​CCT​GC-3ʹ 
and reverse AB28: 5′-ATA​TGC​TTA​AGT​TCA​GCG​GGT-3ʹ 
(Howlett et al. 1992) primers, 2 μl of DNA was added and 
8.5 μl of a double-distilled water to obtain a final volume 
of 25 μl. The parameter composition had a concentration 
of 1.5 uM and 10 µl of DNA added. The parameters in 
Table 1 were used to run PCR using TW81 and AB28 
primers with a total volume of 25 μl for samples M1, M2, 
M3, L1, L2 and L3, each sample with 1 μl of DNA. The 
third PCR was run with parameters on Table 1 with total 
volume of 25 μl, but with 2 μl DNA added. The PCR prod-
ucts were analysed using agarose gel electrophoresis to 
assess the quantity and quality of the DNA (Ami et al. 
2019). The PCR products were sent for Sanger sequencing 

at inqaba biotec™ in Pretoria (South Africa) with the same 
primers used in the amplification of DNA during PCR. 
New sequences were submitted to GenBank under acces-
sion numbers: SUB12685428 B1-TW-AB OQ342843; 
SUB12685428 L1-TW-AB OQ342844; SUB12685428 
M1-TW-AB OQ342845.

Phylogenetic analyses were conducted in MEGA11. 
Sequences were aligned using MUSCLE algorithm. Ini-
tial tree for the heuristic search was obtained automatically 
by applying neighbour-joining and BioNJ algorithms to a 
matrix of pairwise distances estimated using the maximum 
composite likelihood (MCL) approach, and then selecting 
the topology with superior log-likelihood value.

Fig. 2   a Blouberg sampling site 
showing Ehrharta villosa grass. 
b Seeberg view (Langebaan). 
c West Coast National Park 
(Langebaan)
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Insect studies

Morphological identification

Emergence boxes was used to collect insects that emerged 
from the grass galls as described by Uys and Urban (2006). 
The galled plant material was placed in emergence boxes 
with the vial facing the light. The flying insects were 
attracted to the light, they accumulated in the vials and were 
collected with tweezers or a brush. The collected insects 
were preserved in 70% alcohol to prevent fungal growth 
before putting them into gelatine capsules to be stored for 
future use, which were held on a standard insect pin. A 
small wad of cotton wool was placed inside the capsule to 
prevent the specimens from being shaken. The cotton wool 
was smoothened and compacted before inserting it to pre-
vent the insects becoming entangled in the fibres. Morpho-
logical identification of insects was accomplished by using 
characters in the following taxonomic keys: one emerged 
fly was tentatively identified to the family Chloropidae 
Rondani 1856, and the wasp, Eurytomidae Walker 1832, 
according to Goulet and Huber (1993). Because the Euryto-
midae specimens could not be identified to species level by 
using morphological keys, it was decided to identify them 
by molecular approach. As only one fly was available for the 
study, further identification of this specimen was abandoned.

Molecular identification

For molecular identification, five adult wasps were collected 
from Blouberg, four adults and two larvae from Langebaan. 
The collected insects were immediately placed in absolute 

alcohol (95% ethyl alcohol) to preserve DNA for molecular 
identification. The collected adults and larvae from Lange-
baan were placed in PCR tubes and labelled 2-folmer-HCO 
and 3-folmer-HCO, respectively. Adult wasps from Blouberg 
were placed in a PCR tube and labelled Ib2. DNA extraction 
was done by using the Qaigen Kit (DNeasy Plant Maxi) fol-
lowing the manufacturer’s protocol.

Amplification of the CO I region using primer sequence 
specific to HCO (Folmer FW)5ʹ TAA ACT TCA GGG 
TGA​CCA​ AAA AAT CA 3ʹ (Folmer 1994) LCO (Folmer 
Rev) and5' GGT CAA CAA ATC ATA AAG​ATA​ TTG G 
3ʹ insects (Folmer et al. 1994). Each PCR tube contained 
2 µl of 10–20 ng total DNA, 2 µl of 10 µM of the forward 
primer, 2 µl of 10 µM of the reverse primer, 12.5 µl of the 
Taq MasterMix from Qaigen and nuclease-free water was 
added to a total volume to 25 µl. The electrophoresis gel 
consisted of 0.6 g agarose, 50 ml 1× TBE buffer and 1 µl 
ethidium bromide. One (1 µl) loading dye + 5 µl PCR prod-
uct were loaded in the gel and ran for 30 min at 100 V. The 
amplification parameters used for PCR are shown in Table 2 
(See Supplementary information). The PCR products were 
sent to Inqaba Biotechnology lab for Sanger sequencing. 
The sequence data was edited using BioEdit program. The 
consensus sequences were blasted and compared for simi-
larity to other nucleotide sequences on the National Center 
for Biotechnology Information (NCBI) database. New 
sequences are submitted in GenBank under accession num-
ber: SUB12685453 3-FOLMER OQ351110 for Langebaan 
and SUB12685453 B2-LCO-HCO OQ351111 for Blouberg.

Phylogenetic analyses were conducted in MEGA11. 
Sequences were aligned using MUSCLE algorithm. Initial 
tree for the heuristic search were obtained automatically 
by applying neighbour-joining and BioNJ algorithms to a 

Table 1   PCR master mix composition, cycling parameters and ampli-
cons for nematodes

Reagent Final concentration Volume Volume

PCR-grade water –† 9.5 μl 8.5 μl
One Taq buffer Kit (Qia-

gen2))
1 ×  12.5 μl 12.5 μl

(forward)/TW81(forward) 0.4 μM 1 μl 1 μl
(reverse) /AB28(reverse) 0.4 μM 1 μl 1 μl
DNA (volume) 1 μl 1 μl 2 μl
Cycling parameters
Initial denaturation 94 °C for 30 s
Number of cycles 35
Denaturation 95 °C for 4 min
Annealing 52 °C for 40 s
Elongation 72 °C for 80 s
Final elongation 72 °C for 10 min
Expected amplicons
Size 675 bp Total volume 25 μl

Table 2   PCR master mix composition, cycling parameters and ampli-
cons for wasps

Reagent Final concentration Volume

PCR-grade water –† 6.5 μl
One Taq buffer kit (Qiagen2)) 1 ×  12.5 μl
HCO (Folmer FW) (forward) 0.4 μM 2 μl
LCO (Folmer Rev) (reverse) 0.4 μM 2 μl
DNA (volume) 2 μl
Cycling parameters
Initial denaturation 95 °C for 1 min
Number of cycles 35
Denaturation 95 °C for 45 s
Annealing 51 °C for 45 s
Elongation 72 °C for 1 m
Final elongation 72 °C for 3 min
Expected amplicons
Size 675 bp Total volume 25 μl
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matrix of pairwise distances estimated using the maximum 
composite likelihood (MCL) approach, and then selecting 
the topology with superior log likelihood value.

Results

Morphological characterization of galls formed 
by Anguina woodi Swart Subbotin, Tiedt & Riley, 
2004

The nematode galls measured 0.5–1 mm in diameter for all 
the localities. Most nematode galls were single and sepa-
rated from each, but some were clustered together (Fig. 5a 
and c). The nematode galls on the grass stems were softer 
in texture than those situated on insect galls and were deep 
purple to blackish in colour, non-pedunculate but slightly 
elevated above the surface of the grass stems and leaf 
sheaths (Fig. 5a–c). Galls on dry, brown stems and leaves 
were dark brown and somewhat elevated, but never pedun-
culated (Fig. 5f). The nematodes inside them were still alive. 
Insect galls were found on grass from Langebaan and Blou-
berg only. The nematode galls situated on top of the insect 
galls were always clustered, brown to dark brown in col-
our, matching the colour of the insect galls (Fig. 5d). They 
were also harder and drier and some of these dried-up galls 
contained no nematodes but were filled with particles that 
looked like debris under the microscope. No nematode galls 
were found on the insect galls from Blouberg (Table 3).

Measurements of Anguina woodi from Milnerton 
and Langebaan

See Table 4.

Morphological description of Anguina woodi 
from Milnerton and Langebaan

See Figs. 3 and 4.

Female (Milnerton)

Female body obese, curved into a circular shape, fusiform 
and considerably broader than the body of the male. Lip 
region flattened anteriorly and offset from body. Anterior 
part of neck region, just posterior of lip region displays 
prominent annules or folds of cuticle with a short stylet and 
well-defined rounded knobs. Median bulb oval to roundish 
in shape with distinct valves. Basal bulb large, trapezoid. 
Excretory pore was located at the same level as posterior 
end of basal bulb. Lateral lines ambiguous/unclear. Vulva 
prominent transversely with lips protruding slightly from the 
body contour. Tail tapering gradually to a minutely pointed 
or slightly rounded terminus.

Female (Langebaan)

The description of females from Langebaan was the same as 
that from Milnerton. However, the following small morpho-
logical differences were noticed between females not associ-
ated with insect galls and those associated with insect galls: 
lower c-value [39 ± 7.1 (28–54) vs 34 ± 5.6 (23–46)], lower 
cˈ-value [1.9 ± 0.9 (0.6–3.1) vs 1.6 ± 0.2 (1.3–2)] and shorter 
tail [(60.2 ± 11 (42–79) vs 68.9 ± 7.4 (52–84)].

Male (Milnerton)

Morphology of males was the same as females except for 
the following characters: the body was slenderer than that of 
females, slightly curved to almost straight, spicules ventrally 
curved, gubernaculum slightly ventrally curved. Tail was 
long, narrowing very gradually to an acute tip with bursa 
not reaching tail tip.

Male (Langebaan)

The description of males from Langebaan was the same 
as that from Milnerton. However, the bursa length differed 
between males not associated with insect galls and those 
associated with insect galls [106 ± 16.5 (71.5–132) µm vs 
92.2 ± 19.27 (62–120) µm], the bursa of males not associated 
with insect galls being longer.

Diagnosis and relationships

The nematodes from Milnerton and those from Langebaan 
are sufficiently close to each other morphologically and mor-
phometrically to consider them conspecific.

Morphometrically, the mean body length of the females 
from Milnerton and Langebaan is longer than that of the 
females in the original description of A. woodi (2.3 − 2.5 mm 
vs 2.1 mm) and more obese (a = 11.7–12.3 vs 17.4). The 
slightly more obese body can be attributed to the flattening 

Table 3   The average number of life stages of nematodes per locality

Milnerton Lange-
baan (not 
ass)

Langebaan 
(ass with)

Blouberg 
(not ass)

Blouberg 
(ass with)

Females 3.65 2.05 2.8 1.6 2.05
Males 1.7 1.9 2.1 1.1 1.9
Juveniles 15.15 0.95 0 0.65 0
Eggs 16.25 0.25 0 0.35 0



Zoomorphology	

Table 4   Measurements of females and males of Anguina woodi Swart et al. 2004 from the original description and from two new localities, Mil-
nerton and Langebaan

Characters Anguina woodi
Females

Anguina woodi
Males

Original 
description

Milnerton Langebaan 
(NA)

Langebaan 
(AW)

Original 
description

Milnerton Langebaan 
(NA)

Langebaan 
(AW)

n = 18 n = 20 n = 20 n = 20 n = 12 n = 20 n = 20 n = 20
L 2.1 ± 

0.3 (1.6–2.7)
2.5 ± 0.2 

(1.9–2.8)
2.3 ± 0.2 

(2.1–2.6)
2.3 ± 0.3 

(1.6–2.8)
1.6 ± 
0.2  (1.4–2.1)

1.9 ± 0.2 
(1.6–2.2)

1.8 ± 0.1 
(1.5–2)

1.8 ± 0.1 
(1.6–2.0)

a 17.4 ± 2.6 
(12.0–21.4)

12.3 ± 1.3 
(10.2–14.5)

11.7 ± 0.9 
(10.1–13.7)

11.8 ± 1.6 
(9.52–15.5)

21.7 ± 3.9 
(15.2–29.6)

15.4 ± 1.5 
(13.3–18.8)

14.7 ± 1.6 
(12.4–18.4)

15.1 ± 1.4 
(13.4–18.2)

b 11.0 ± 1.8 
(8.7–14.3)

15.2 ± 2.2 
(11.8–18.8

17.2 ± 1.8 
(14.3–21.2)

16.1 ± 1.6 
(13.3–18.3)

8.9 ± 1.7 
(6.9–11.6)

11.6 ± 2.1 
(8.3–15.4)

12.5 ± 1.53 
(10–15.4)

12.8 ± 1.2 
(10.5–15.3)

c 32.2 ± 5.8 
(22.2–40.0)

34 ± 4 
(28–41)

39 ± 7.1 
(28–54)

34 ± 5.6 
(23–46)

23.5 ± 3.4 
(20.5–32.4)

25.7 ± 2.2 
(22.1–31.1)

22.9 ± 1.8 
(19.7–26.4)

22.8 ± 1.9 
(19.6–27.2)

cʹ 1.9 ± 0.3 
(1.5–2.4)

1.4 ± 0.2 
(1.3–2.2)

1.9 ± 0.9 
(0.6–3.1)

1.6 ± 0.2 
(1.3–2)

2.1 ± 0.3 
(1.7–2.3)

2.1 ± 0.3 
(1.8–2.8)

2,4 ± 0,2 
(1,6–2,8)

2.2 ± 0.3 
(1.8–2.8)

V 89.3 ± 1.8 
(86.0–93.3)

90.1 ± 1.3 
(87.4–91.7)

90.5 ± 1.5 
(88–95)

90.5 ± 2.2 
(87.4–98.4)

– – – –

DGO 1.4 ± 0.6 
(0.5–3.0)

– – – 0.9 ± 0.3 
(0,5–1,5)

– – –

Stylet length 11.2 ± 0.9 
(9.5–13.5)

12.2 ± 0.6 
(11–13)

12.3 ± 0.6 
(11–13)

12.1 ± 0.4 
(11–13)

11.4 ± 0.6 
(10.5–12.0)

11.9 ± 0.6 
(11–13)

11.7 ± 0.5 
(11–12.5)

11.6 ± 0.7 
(10–12)

Stylet knob 
width

3.3 ± 0.3 
(3.0–4.0)

3.4 ± 0.6 
(3.0–4.0)

3.5 ± 0.6 
(2.5–4.0)

3.5 ± 0.5 
(3.0–4.0)

3.5 ± 0.4 
(3.0–4.0)

3.6 ± 0.5 
(2.5–4.0)

3.2 ± 0.4 
(3.0–4.0)

3.3 ± 0.4 
(3.0–4.0)

Stylet knob 
height

1.9 ± 
0.3 (1.5–2.5)

2.2 ± 0.5 
(2–3)

1.9 ± 0.1 
(1.5–2)

2.1 ± 0.4 
(1.5–3)

2.1 ± 0.4 
(1.5–2.5)

2.6 ± 0.5 
(1,5–3)

2.0 ± 0.3 
(1.5–3)

2.3 ± 0.4 (2–3)

Lip width 9.6 ± 0.7 
(8.5–11.0)

10.8 ± 0.5 
(10–12)

10.4 ± 1.3 
(9–14)

10.3 ± 0.55 
(10–12)

8.9 ± 0.4 
(8.3–9.5)

9.3 ± 0.6 
(8–10)

8.7 ± 0.8 
(7–10)

9 ± 0.6 (8–10)

Lip height 3.0 ± 
0.4 (2.5–3.5)

3.8 ± 0.4 
(3–4.5)

4.2 ± 0.52 
(3.5–5)

4 ± 0.5 (3–5) 3.1 ± 0.4 
(2.5–4.0)

3.6 ± 0.5 
(3–4)

3.3 ± 0.3 
(3–4)

3.5 ± 0.5 
(2.5–4)

Medium bulb 
length

22.3 ± 1.8 
(20.0–25.0)

24 ± 3.2 
(19–30)

23.2 ± 2.3 
(20–29)

23.5 ± 2.5 
(19–27)

21.1 ± 4.4 
(18.0–33.0)

20 ± 3.5 
(12–29)

20.6 ± 4.8 
(13–37)

19.3 ± 2.2 
(14–22)

Medium bulb 
width

14.5 ± 2.1 
(10.5–17.0)

18.7 ± 2.2 
(16–26)

17.2 ± 2.1 
(13–20)

16.8 ± 1.9 
(12–19)

12.9 ± 0.9 
(12.0–14.5

13 ± 1.9 
(9–17)

14.6 ± 2.7 
(10–21)

13.7 ± 2.1 
(10–17.5)

Anterior to 
excretory 
pore

171 ± 20  
(144–210)

178 ± 24.  
(143–251)

150 ± 15.4 
(118–167)

152.4 ± 14.3 
(123–181)

157 ± 16.8 
(139–182)

170 ± 24.2 
(125–224)

152 ± 15.3 
(127–176)

149.6 ± 20.5 
(107–178)

Anterior 
to end of 
pharynx

– 162.9 ± 23.4 
(130–215)

135.5 ± 13.1 
(110–170)

143.8 ± 14.4 
(120–180)

– 145.6 ± 59.5 
(130–230)

144 ± 16.9 
(110–144)

137 ± 14.1 
(110–170)

Nerve ring to 
anterior end

123 ± 22.8 
(91–166)

– – – 109 ± 8.0 
(97–116)

– – –

Body width at 
mid-body

127 ± 31 
(85–205)

208 ± 32.1 
(150–270)

199 ± 20.7 
(150–240)

201.136.1 ±  
(120–270)

76 ± 18.5 
(53–115)

120.5 ± 1.9 
(90–160)

120.1 ± 1.8 
(90–150)

110.9 ± 1.4 
(90.5–150)

Body width 
at excretory 
pore

66 ± 
6.7 (54–78)

69.2 ± 
6.9  (57–79)

59.2 ± 4.7 
(52–67)

63.9 ± 7.9  
(47–76)

49 ± 
7.5 (40.5–65)

54.6 ± 
6.6 (43–65)

52.5 ± 
5.9 (39–64)

50.9 ± 
5.9 (40–62)

Body width  
(at anus)

36 ± 7 
(29–57)

41 ± 5.4 
(29–55)

42 ± 7.0 
(68–96)

32.8 ± 4.9 
(18–54)

33 ± 4.1 
(26–39)

35.5 ± 4.3 
(25–42)

32 ± 3.2 
(27–42)

35.7 ± 4.3 
(26–42.5)

Tail length 67 ± 12.4 
(50–107)

71.6 ± 7.1 
(52–83)

60.2 ± 11 
(42–79)

68.9 ± 7.4 
(52–84)

69 ± 3.2 
(64–73)

74 ± 4.1 
(66–81)

76.9 ± 6.9 
(67–94)

76.3 ± 5.7 
(66–90)

Distance 
from vulva 
to anus/tail 
length

2.5 ± 
0.5 (1.1–3.0)

2.3 ± 
0.3  (1.8–2.7)

2.8 ± 0.8 
(1.6–4.9)

2.2 ± 0.5 
(1.2–3.3)

– – – –
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of the female body during mounting on glass slides. Other 
slight differences are the shorter mean length of the phar-
ynx (b = 15.2–17.2 vs 11), longer stylet (12.1–12.3 µm vs 
11.2 µm), broader head width (10.3–10.8 µm vs 9.6 µm) 
and longer PUS (91–101 µm vs 86 µm). Morphometrically, 
the mean body length of the males from Milnerton and 
Langebaan are also slightly longer than those of the origi-
nal description of A. woodi (1.8 -1.9 mm vs 1.6 mm) and 
slenderer (a = 14.7–15.4 vs 21.7). Additional differences are 
the longer pharynx (b = 11.6–12.8 vs 8.9), slightly longer 
mean stylet length (11.6–11.9 µm vs 11.4 µm), longer mean 
tail length (74–76.9 µm vs 69 µm), percentage of the bursa 
covering the tail (67.8 – 72.7% vs 59.3%) and the shorter 
mean gubernaculum length (9.1–9.4 µm vs 12.3 µm). The 
morphology of the galls is the same: like A. woodi, the spe-
cies from Milnerton and Langebaan induces galls on stems 
and leaves of Ehrharta villosa var. villosa, the mature galls 
also vary in colour from purplish to dark brown and forms 
roundish elevations, which are not pedunculated.

Morphologically and morphometrically, the anguinid 
specimens of Milnerton and Langebaan are also close to 
A. australis Steiner 1940, mainly in the strongly ventrally 
curled obese females, the deep cuticular folds in the anterior 
part of the neck region in both sexes and the smaller and 
slenderer males. The females differ from those of A. austra-
lis mainly in the broader average head region (10.3–10.8 µm 
vs 7.4 µm), slightly longer stylet (11–13 µm vs 9.9–11.1 µm) 
and longer average PUS (91–101 µm vs 75 µm). The males 

differ from those of A. australis mainly in the longer body 
(1.5–2.2 mm vs 1.1–1.55 mm) and the percentage of the 
bursa covering the tail (67.8–72.7% vs 75.8%).

In conclusion, the anguinids from Milnerton and Lange-
baan are morphologically close enough to A. woodi to con-
sider them as belonging to the same species (Figs. 5, 6, 7, 8).

Counts of Anguina woodi specimens from galls 
of the different localities, not associated with/or 
associated with insect galls (Table 3)

Milnerton (Fig. 6)

Each gall contained females, males, juveniles, and eggs 
(Fig. 6). The clustered galls contained more adult nema-
todes than the single galls. A single gall contained a maxi-
mum of three adult nematodes, but four galls contained one 
female and one male per gall. The clustered galls had more 
adult nematodes ranging from four to ten per gall, with more 
females than males (1–7 females vs 1–4 males). Juveniles 
and eggs were present in high numbers in both single and 
clustered galls, ranging from 5 to 35 juveniles per gall and 
eggs ranging from 5 to 31 eggs per gall. Gall number 12 
had the highest number of females at seven per gall and 
galls number 5, 6, 7 and 8 contained the lowest count at 
one female per gall. Gall number 4 had the highest number 
of males at four per gall and the lowest count were in gall 
numbers 5, 6, 7, 8, 9, 15, 16, 17 and 18 with one male per 

The measurements from Langebaan are divided into those of females and males not associated with insect galls (NA) and those associated with 
insect galls (AW). Measurements are in µm [except for female and male body length (L), which is in mm] and are in the form: mean ± standard 
deviation (range)

Table 4   (continued)

Characters Anguina woodi
Females

Anguina woodi
Males

Original 
description

Milnerton Langebaan 
(NA)

Langebaan 
(AW)

Original 
description

Milnerton Langebaan 
(NA)

Langebaan 
(AW)

PUS length 86 ± 
20.2 (67–120)

101 ± 
9.2 (82–111)

95 ± 
12.0 (78–120)

91 ± 
9.0 (67–101)

– – – –

PUS/distance 
from vulva 
to anus)  (%)

56 ± 
13.4 (37–76)

60 ± 
9.4 (45–75)

59 ± 
9.3 (46–79)

58 ± 
5.9 (43–66)

– – – –

Spicule length – – – – 34.3 ± 1.1 
(33.0–36.0)

35 ± 2.3 
(32–40)

34 ± 2.4 
(30–35)

34.2 ± 3.4 
(25–39)

Bursa length – – – – 101 ± 14.7 
(67–126)

97 ± 22 
(61–132)

106 ± 16.5 
(71.5–132)

92.2 ± 19.27 
(62–120)

Tail length/
spicule 
length

– – – – 2.2 ± 0.5 
(1.8–3.5)

2.1 ± 
0.2  (1.7–2.4)

2.14 ± 0.3 
(1–2.6)

2.2 ± 0.3 
(1.7–2.9)

Length of 
bursa cover-
ing tail  (%)

– – – – 59.3 ± 11.3 
(39.9–73.0)

67.8 ± 
7.5  (56–82)

72.1 ± 
6.2  (57–85)

72.7 ± 9.3 
(56–82)

Gubernacu-
lum length

– – – – 12.3 ± 1.3 ( 
10.0–14.0)

9.1 ± 1.6 
(7–12)

9.1 ± 1.3 
(7–12)

9.4 ± 1.34 
(7–11)
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gall. Gall number 9 had the highest number of juveniles at 
35 per gall with gall number 2 having the lowest juvenile 
count at four juveniles per gall. The highest number of eggs 
were in gall number 1 with 30 eggs per gall and the lowest 
in gall number 9 with five per gall (Fig. 6). The total number 
of females, males, juveniles, and eggs in the 20 galls was 73, 
34, 305, and 325, respectively.

Langebaan: galls not associated with insect galls (Fig. 7)

Nematode counts on 20 grass galls from Langebaan not 
associated with galls induced by insects were the following: 

the highest female nematode count was in gall number 8 
with four females per gall, and the lowest count were in 
gall numbers 2, 3, 4, 12, 7 and 9 with one female per gall 
(Fig. 7). The highest male count was in gall number 1 with 
4 males/gall count, and the lowest count was gall number 19 
with no males. Only one gall, number 1, contained five eggs. 
Four galls contained juveniles, with gall numbers 17 and 18 
containing the highest number of seven and five juveniles 
each. Gall number 10 and 13 contained 4 and 13 juveniles, 
respectively. The total number of females, males, juveniles, 
and eggs in the 20 galls was 98, and the average numbers 
were 4.9. The average nematode calculation from the total 

Fig. 3   Anguina woodi females from Langebaan. a and f Habitus. b 
Posterior part of the body, showing vulva (arrow). c Anterior part of 
the body. d Anterior part of the body showing stylet (arrow a) and 

median bulb (arrow b). e Tail end (scale bar a, f = 0.16  mm; b, d, 
e = 8.5 µm; c = 14.5 µm)
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number of 20 galls was 1.9 for males, 2.05 for females, 0.95 
for juveniles and 0.25 for the egg count. The total count 
for males was 38, 41 for females, 19 for juveniles and 5 for 
eggs (Fig. 7).

Langebaan: galls associated with insect galls (Fig. 9)

The 20 nematode galls from Langebaan associated with 
insect’s galls contained only females and males. The high-
est female count per gall was found in gall number 16 with 
seven females. The lowest female count was in five galls, 
gall numbers 3, 7, 9, 11 and 20, with one female nematode 

per gall. The highest number of males were found in gall 
numbers 8 and 13 with seven males per gall. The lowest 
male count was one male per gall from gall numbers 2, 3, 
6, 9, 10, 12, 14, 15, 18 and 20 (Fig. 8). The total count from 
the 20 galls was 56 females and 42 males, with an average 
of 2.8 females and 2.1 males (see Table 3).

Blouberg: galls not associated with insect galls

Nematodes that are not associated with insects from Blou-
berg had only one gall (gall number 2) with nematode eggs. 
This gall contained one female, two males and seven eggs. 

Fig. 4   Anguina woodi male from Langebaan. a Habitus. b and e Anterior part of the body. Arrow indicates the stylet. c and d Cloacal region, 
showing the spicules (arrows). f Male tail showing bursa (arrow) (scale bar a = 0.16 mm; b, e = 8.5 µm; c, d, f = 10 µm)
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Fig. 5   Nematode and insect galls. a Ehrharta villosa grass show-
ing nematode galls from Milnerton. b Dissected nematode gall with 
nematodes from Blouberg. c Nematode galls on Ehrharta villosa 
grass from Langebaan. d Nematode gall (arrow 1) as well as an insect 

gall (arrow 2) on Ehrharta villosa grass from Langebaan. e Insect 
gall showing emerging aperture (arrow). f Ehrharta villosa grass with 
nematodes and insects galls
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Fig. 6   Nematode counts per gall 
from Milnerton
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Fig. 7   Nematode counts not 
associated with insect galls 
from Langebaan
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Fig. 8   Nematode counts associ-
ated with insect galls from 
Blouberg
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Two galls (numbers 3 and 5) contained stage 4 juveniles. 
Galls number 1,7,14 and 15 contained one female and one 
male nematode per gall. Galls number 9 and 20 contained 
two female and two male nematodes per gall each. Galls 
number 4, 16 and 18 contained only one female nematode 
per gall. Galls number 6, 11, 12 and 17 had two female and 
one male nematode per gall. Galls 8 and 13 contained three 
females and one male nematode per gall and finally gall 
number 10 contained one female and two male nematodes. 
The total count of females was 32 with an average of 1.6 
per gall nematodes and the total count of males was 22 with 
average of 1.1 per gall (see Table 3). The total count of juve-
niles was 13 with an average of 0.65 and the total egg count 
was seven with an average of 0.35.

Blouberg: galls associated with insect galls (Fig. 8)

The Blouberg nematode count from 20 galls were 7 galls 
with one female and one male in each gall (gall numbers 1,3, 
5,13,15,16 and 18), and 7 galls (numbers 2, 3, 4,11,17,19 
and 20) with two females and one male per gall. Two galls 
(numbers 9 and 12) contained three females and two males 
per gall. Galls number 10 and 14 had the highest female 
count with a total of four nematodes per gall. Gall number 
10 had the highest male count with a total of three males in 
the gall. The twenty galls had a total number of 34 female 
nematodes, with an average of 2.05(see Table 3), and a 
total number of 24 male nematodes with an average of 1.9 
(Fig. 9). There were no juveniles and eggs found in these 
galls.

Molecular identification and phylogeny of Anguina 
woodi Swart et al. 2004

The findings showed that the amplification of the ITS and 
18S rRNA genes of these populations yielded single frag-
ments of 764 nucleotide base pairs. Furthermore, the result 
showed that the percentage of base pairs similarity was 
100% for the sequenced samples as compared to that of the 
reference specimen of A. woodi, (AY307122).

The evolutionary history was inferred by using the 
Maximum Likelihood method and Hasegawa-Kishino-
Yano model. The tree had the highest log likelihood of 
(− 11,074.77) and with analysis involving 32 nucleotide 
sequences (Fig. 10).

The fly was tentatively identified as belonging 
to the family Chloropidae and the wasp to family 
Eurytomidae Walker 1832

Description of galls

Langebaan, Western Cape  Insect galls were light to dark 
brown in colour, about 5 mm in width and 10 mm in length), 
oval in shape and rough on the outside (Fig. 5d, e and f) The 
galls were very hard to cut through and the inside was cream 
in colour (Fig. 11d). The hardness of the galls extended to 
the grass stalk surface. The galls were traversed by tunnels 
that ended with a cavity containing the larval stage of the 
wasp (Fig. 5d and e). On close inspection of the insect gall, 
the aperture of another, small tunnel was observed (Fig. 5d). 
This aperture was probably made by a wasp (Hymenoptera: 
Eurytomidae), which was caught in the insect trap.

Blouberg, Western Cape  Insect galls from Blouberg Beach 
were beige to light brown in colour. The galls were oval, 
5  mm wide and 10  mm long and smooth on the outside. 
They were traversed by tunnels that ended with a cavity con-
taining the larval stage of an insect, probably a gall-forming 
fly of the family Chloropidae. Wasp exit apertures were vis-
ible on the surface of some galls (Fig. 5d and e).

Morphological identification of  the  wasp from  the  fam‑
ily Eurytomidae  Two wasps and one fly from the Lange-
baan 2020 samples emerged after 14 days in the insect trap 
emerging box. The wasps and fly measured 1 mm and 2 mm 
in length, respectively. The insects were photographed by 
using a Nikon compound microscope (Fig. 11a, b, c, e and 
f). The wasps were taken to the Entomology Unit, Biosys-
tematics, ARC-PHP for morphological identification where 
they were identified to the family Eurytomidae and probable 
genus Bruchophagus Ashmead 1888. Seven wasps from the 
January 2022 samples from Blouberg Beach emerged after 
30 days. Out of the seven wasps, five were used for molecu-
lar identification and the remaining two were preserved in 
vials for further morphological identification. As a single 
fly was obtained from the Langebaan samples and nothing 
from the Blouberg samples, the authors were able to make 
a preliminary morphological identification of this specimen 
only. The single fly from Langebaan was identified to the 
family Chloropidae (Fig. 11 e and f). Future studies on more 
specimens will be needed to confirm this identification.

Morphologically the authors identified the wasp to family 
level (Eurytomidae Walker 1832) by using the taxonomic 
key by Goulet and Huber (1993). The following characters 
were used for identification: pronotum in dorsal view with 
large rectangular to quadrate collar at least half as long as 
mesoscutum (ms). Posterior margin of collar often incurved, 
but sides subparallel and anterior margin usually abruptly 
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shoulder-like lateral to concavely narrowed neck. Propo-
deum often widely depressed medially or with median lon-
gitudinal channel. Body rarely with metallic lustre, usually 
coarsely sculptured or with distinct mesh-like or granu-
lar sculpture. Head without occipital carina (though gena 
often ridged). Scutellum without frenum. Ovipositor sheath 

extending at most slightly beyond apex of last metasomal 
tergum.

Fig. 10   Maximum likeli-
hood tree of DNA sequence 
evolution, Ln likelihood = (− 
11,074.77)) obtained from 
analyses of internal transcribed 
spacer 1, 5.8S ribosomal RNA 
gene, and internal transcribed 
spacer 2, complete sequence for 
32 nematode species and popu-
lations of Anguina woodi. Posi-
tion of Milnerton, Langebaan 
and Bloubergstrand species are 
shown by bold letters
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KM114439.1 Anguina funesta

AF396352.1 Anguina phalaridis

AF363101.1 Anguina paludicola
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MK032869.1 Subanguina danthoniae

AF396333.1 Anguina microlaenae

AF396334.1 Anguina australis

OQ342845 Anguina woodi (Milnerton)

OQ342844 Anguina woodi (Langebaan)

OQ342843 Anguina woodi (Blouberg)
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AF396311.1 Anguina caricis internal
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Molecular identification and phylogeny of the wasp 
Eurytomidae sp.

After DNA extraction, parameters shown in Table 1 (See 

supplementary information) were used for PCR and the 
cytochrome oxidase subunit I (CO1) gene partial cds mito-
chondrial was targeted for amplification. The gel electro-
phoresis showed visible bands for all three samples. In the 

Fig. 11   Wasps and fly from the Langebaan samples that emerged 
from the insect trap emerging box (LM). a, b and c indicate wasps 
that emerged from the samples taken in 2020 and 2021, respectively; 

d Dissected insect gall with wasp larvae (arrow 1), tunnel (arrow 
2) and emerging aperture of wasp (arrow 3); e and f show fly that 
emerged from the samples taken in 2021
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negative control no band was observed, while the positive 
control got from previous DNA extracted from citrus insects 
showed a visible band. The sequence results showed 90.71% 
similarity to Eurytomidae for Langebaan species and 88.70% 
for Blouberg species. Evolutionary analysis was done by the 
maximum likelihood method and Tamura–Nei model using 

MEGA 11. The tree shows a set of possible nucleotides 
(states) at each ancestral node based on their inferred likeli-
hood at site 1. For each node, only the most probable state 
is shown. Initial tree for the heuristic search was obtained 
automatically by applying neighbour-joining and BioNJ 
algorithms to a matrix of pairwise distances estimated using 

Fig. 12   Maximum likeli-
hood trees of DNA sequence 
evolution, Ln likelihood = 
(− 8110.61) was obtained from 
analyses of COI sequence data 
for 23 species and popula-
tions of Eurytomidae. Position 
of Langebaan and Blouberg 
populations are shown by bold 
lettering

100 KR901490.1 Kleidotoma sp.

MW984200.1 Ceroptres sp.

MW078432.1 Eulophidae sp.

KT599309.1 Eurytoma salicis

KU555517.1 Eurytoma serratulae

OL655402.1 Eurytoma longavena

MH841918.1 Eurytoma oleae

54 MZ644991.1 Aximopsis sp.

KC685246.1 Eurytoma aff. spongiosa

94 KC685140.1 Eurytoma discordans

KC685106.1 Eurytoma calcarea

KT599337.1 Eurytoma aciculata
93

MH878935.1 Bruchophagus sp.

MZ571204.1 Eurytoma samsonowi

MZ883153.1 Eurytoma sp.

3-FOLMER-HCO Eurytomidae sp. (Langebaan)

Ib2 HCO Eurytomidae sp. (Blouberg)
82

EF525188.1 Eurytoma rosae

AF504488.1 Andrena macoupinensis

AY439087.1 Eurytoma brunniventris

HO083807.1 Figitidae Eucoilinae sp.
77

KC960161.1 Eurytoma arctica
99

KC960093.1 Eurytoma asphodeli
98

KC960171.1 Eurytoma striolata
0.05

3-FOLMER-HCO Euryrr tomidae sp. (Langebaan)

Ib2 HCO Euryrr tomidae sp. (Blouberg)
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the Tamura–Nei model, and then selecting the topology with 
superior log likelihood value. The rates among sites were 
treated as being uniform among sites (Uniform rates option). 
This analysis involved 28 nucleotide sequences and here was 
a total of 1630 positions in the final dataset. According to 
the tree constructed for this study, the species of Eurytomi-
dae from Langebaan and Blouberg show more relatedness 
to other Eurytoma species as compared to Bruchophagus 
species (Fig. 12).

Discussion

Anguina woodi was collected from three locations in the 
Western Cape: Milnerton, Langebaan and Blouberg. These 
findings were also compared with those of the originally 
described species, A. woodi, from Milnerton. Like A. 
woodi, the species from Milnerton, Langebaan and Blou-
berg incited the same type of galls on stems and leaves 
of Ehrharta villosa var. villosa. The nematodes from the 
present study were also compared to the close relative 
of A. woodi, A. australis, a native of Western Australia, 
which also parasitizes a grass (Ehrharta longiflora Smith) 
(Riley et al. 2001). However, the combination of slight dif-
ferences in morphology and morphometry, different hosts 
and huge geographical separation made conspecifity of the 
anguinids of the present study with A. australis, unlikely. 
Another interesting observation was the female:male sex 
ratio in the Milnerton nematode galls of 3.65:1.7 per gall 
(present study). This indicates that, according to its sex 
ratio, A. woodi from Milnerton is nearer to A. australis. 
For instance, Riley and Swart (2004) reported that, in their 
study, the sex ratio of A. woodi females to males was close 
to 1:1, while A. australis has more females than males per 
gall (proportion of females per gall was 57.3%). Riley and 
Swart (2004) speculated that A. australis might occur in 
South Africa but has not been found yet. Further molecular 
studies using more samples on the Western Cape anguinids 
need to be done to explore this possibility.

The molecular study of the nematodes from Milnerton, 
Langebaan and Blouberg showed an exact match between 
the sequences of the ITS and 18S rRNA genes of the original 
Anguina woodi description (reference sequence of A. woodi 
from NCBI (AY307122)) and that of Anguina species from 
the three localities. The phylogenic tree also showed that the 
nematodes from the three localities have the same genetic 
structure. The slight differences seen might be attributed to 
different localities, each with a slightly different climate. The 
same argument was put forth by Ami et al. (2019). Accord-
ing to these authors, the molecular identification of wheat seed 
gall nematode Anguina tritici parasitizing durum and bread 
wheat cultivars which were collected from two cities, Erbil 
and Duhok, from the Kurdistan Region and Iraq, respectively, 

emphasized that both nematode isolates are of the same genetic 
structure and confirmed their belonging to the same nematode 
race. While the pathogenicity of the wheat race varies by dif-
ferent cultivars of wheat as well as the infection behaviour and 
severity may change in different regions and under different 
environmental circumstances (Ami et al. 2019).

The nematode galls found during the present study, are 
morphologically very near those described from Milnerton 
Beach by Swart et al. (2004). However, some galls from 
the present study appears to be slightly larger (0.5–1 mm 
in diameter in the present study vs. 0.5 X 0.4 mm on green 
stems and 0.8 X 0.6 mm on dry, brown stems in the 2004 
study). At Langebaan and Blouberg, the anguinid galls 
were found alone or in close proximity with galls formed 
by, presumably, the following insects: a gall-forming fly 
and a wasp. The morphometrics and life cycle of the inhab-
itants of the anguinid galls situated close to, or on insect 
galls, seem to be influenced by the presence of the insects, 
because only nematodes associated with insect galls seemed 
to be affected. In Langebaan, the females not associated with 
insect galls, had on average a longer tail than those associ-
ated with these galls. Likewise, males not associated with 
insect galls had, on average, a longer bursa than those asso-
ciated with insect galls. Of great importance is the fact that 
no juvenile stages or eggs were found in the nematode galls 
associated with insect galls. This suggests a negative asso-
ciation where the life cycle of the nematode is not completed 
when their galls are associated with the insect galls. Dif-
ferent authors suggested that the nematodes are the first to 
colonize the grass where they start to form galls (Riley et al. 
2001; Riley and Swart 2004). Kolesik and Wood (2019) 
also argued that the insects might be attracted to these sites 
where they enter the plant tissues, causing their own galls. 
According to Lotfalizadeh et al. (2007), the majority of the 
eurytomid wasp’s larvae are endophytic: as seed eaters, gall 
formers, or as parasitoids of phytophagous insects and are, 
primary or secondary parasitoids, attacking eggs, larvae or 
pupae of various arthropod groups.

The establishment of the relationship between the nematodes 
and the insects will require another study with enough insects 
obtained from the study area. It will require, for instance, early 
detection of gall formation and monitoring the gall growth 
until maturity. Of interest, a few wasps were found dead or 
damaged in the insect galleries within the dissected galls. The 
cause of the wasps being trapped before emergence is currently 
unknown and further investigation is required. Another ques-
tion that remains is the difference in surface texture between 
the insect galls from Langebaan and those from Blouberg, 
especially as the same grass, and possibly the same insects, are 
involved in the formation of the galls.
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Conclusion

The present study presents evidence that the large, hard, 
brownish galls found on the stems of E. villosa in Langebaan 
and Blouberg, are inhabited and formed by a fly, possibly 
of the family Chloropidae. A wasp of the family Eurytomi-
dae was also found within these galls, but whether they are 
parasites of the fly or contribute to the formation of the galls, 
must still be investigated.

The relationship between the gall-forming nematodes and 
the gall-forming insects still needs further investigation. One 
scenario might be that the nematodes invade the grass first, 
which start an infection site and gall formation. Secondary 
is the invasion by midges, flies and/or wasps, which might 
be attracted to the infection sites of the nematodes. In this 
scenario, the nematode galls get pushed to the periphery of 
the insect gall and thereby to a less favourable environment. 
This may explain the fact that fewer adult nematodes are 
found within the nematode galls situated directly next to, 
or on top of the insect galls. The question remains whether 
the relationship between insects and nematode is beneficial 
to the insects. With the knowledge that the nematode is an 
obligate plant parasite of the grass, we might conclude that 
the nematode is the first one to establish its galls and that the 
insects, as secondary invaders, incite much larger galls. This 
invasion distresses the xylem of the grass, thereby hardening 
the gall tissues, which is less favourable for gall formation 
by the nematode.
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