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immary — Howardula neocosmis sp. n. (Iylenchida: Allantonematidae) is described as a parasite of Drosophila acutilabella
alker (Diptera: Drosophilidae) from Florida, USA and D. suboccidentalis Spencer from British Columbia, Canada. These two
ains represent the first described Howardula from North American drosophilids. Notes on the biology of the parasire and a
to the species of Howardula Cobb are presented. © Orstom/Elsevier, Paris

asumé - Howardula neocosmis sp. n. parasite de drosophiles nord-américaines (Diptera : Drosophilidae) et liste
o5 espéces du genve Howardula (Tyvlenchida : Allantonematidae) ~ Description est donnée d' Howardula neocosmis sp. n.
: ylcnchu:la Allantonematidae) parasite de Drosophila acutilabella Stalker (Diptera : Drosophilidae) provenant de Floride, USA
de D. suboceidentalis Spencer provenant de Colombie Britannique, Canada. Ces deux souches représentent le premier Howar-
fula décrit sur des drosophiles nord-américaines. Des notes sur la biologie de ce parasite et une liste des espéces du genre

fowardula Cobb sont présentées. © Orstom/Elsevier, Paris

Allantonematid nematode parasites of Drosophili-
¢ were first reported by Gershenson in 1939 (see
nar, 1975, for citations of nematodes from droso-
ids). The first descriptions of members of this
atnily attacking lesser fruit flies involved species of
the genera Howardula Cobb, 1921 and Parasitylenchus
Micoletzky, 1922 in England (Welch, 1959). In 1985,
Montague and Jaenike discussed the presence of
llantonemarids parasitizing drosophilids in North
merica and subsequently Poinar er al. (1997) des-
tibed B wmearcricus artacking Drosophila recens in
New York state.

‘The present study describes the first species of
owardulg parasitizing drosophilids in North Ame-
a, From these studies and the report of drosophilid
arasitism by allantonematids in Japan (Kimura &
0da, 1989), it is clear that allantonematid parasitism
f' drosophilids is widespread, demonstrating that
s€ two nematode genera have formed species
oups orientated towards infecting drosophilids as
el as other acalyptrate Diptera.

Aaterials and methods

Adult Drosophila acutilabella Stalker and D. subocci-
entalis Spencer were collected in Manasota Key, FL,
SA and Peachland, BC, Canada, respectively, in
997, Newly emerged parasitized flies were placed in
ulture vials containing instant Drosophila Medium
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(Carolina Biological Supply) plus a piece of commer-
cial mushroom (Agaricus bisporus). They were trans-
ferred every 4 days to fresh food until they were
3 weeks old. At this age, two parasitized male flies
were placed in a culture vial and rwo female flies from
an uninfected culture were added to the same culrure
after 2 days. All cultures were maintained at 22 °C.
Living parasitized adult flies were dissected at diffe-
rent times to obtain nematodes at various stages of
development. All dissections were made in Ringer's
solution and the nematodes were hear killed (60 "C),
fixed in TATF and processed to glycerin. All measure-
ments were made on slide mounted fixed material,
however certain morphological dertails, Ze., stylet
structure, pharyngeal gland morphology, excretory
pore position, location of anus and vulva were best
determined by cbserving living individuals.

Howardula neocosmis sp. n.
(Fig. 1)

MEASUREMENTS

Free-living vermiform female (n = 10): L = 416
(384-447) um; greatest diameter = 16 (13-18) pmy;
head to middle of nerve ring = 69 (64-74) wm ; head
to excretory pore = 80 (75-85) um; stylet length = 11
(10-12) ym; tail length = 55 (52-56) um; distance
vulva to anus = 23 (22-26) pum ; head to dorsal gland
orifice = 25 (22-26) pum; distance from dorsal gland
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Fzg 1. Howardula neocosmis sp.n. A: Free-living female; B: Free-living male; C: Head of free-living female with two surrol
cuticles (arvow points to opening of dorsal pharyngeal gland; arrowhead subveniral gland opening); D: Parasitic female contain
and juveniles (Scale bars: A, B = 25 pm; C = 10 um; D = 80 pm). :

orifice to ventral gland orifice = 15 (13-19) um; head tip = 152 (95-184) um; stylet length = 9 (8-10) ¢
to tip of dorsal gland = 11 (9-15) um ; V = 80 eges = 32 (20-43) X 20 (16-22) ym; V = 90 (879
(78-82). Free-living male (n = 10): L = 403 (360-435) 1
Parasitic female (n= 10): L = 1129 (960-2560) um; greatest diameter = 16 (14-18) wm; head to midédle
greatest diameter = 125 (100-170) um; vuiva to tail nerve ring = 70 (56-75) pm; head to excretory Po
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Howardula neocosmis sp. n.

5~88} um; tail length = 48 (44-57) pm; spicule
= 12 (11-15) pm; greatest width of spicule =
19-3.0) pm.

RIPTION

ocliving females: Slender body, originally enclosed
ick, enclosing cuticle and later in the same outer
. cuticle but with an inner membranous cuticle as
flead truncate, lip region not off-set. Stylet
cht, with tip sloping toward ventral surface; stylet
slightly swollen, delineating stylet from remain-
£ chitinized pharyngeal tube. Distance from
base to dorsal gland orifice slightly greater than
length; distance from dorsal gland orifice 1o
ral gland orifice slightly longer than distance from
¢ base to dorsal gland orifice; subventral glands
ding posteriorally to tip of ovary. Dorsal gland
ding only part of that distance; contents of the
Bventral glands appearing creamy white while that
& dorsal gland granular, indicating different comn-
ents within. Excretory pore located posterior to
nérve ring and just posterior to the hemizonid.
teral fields 3-4 pm wide with five striae in widest
ori. Vulva locared on small protuberance. Vagina
bw, leading to a small uterus with no or very slight
st vulvar sac; oviduct and ovary small, tip of ovary
en reaching to the tip of the subventral pharyngeal
nds. Tail slender, eading in a slightly swollen
unded tp.

rasitic fermales: Varying in size depending on
ber per host (the more per host, the smaller the
rasites). Cuiicle thin except in tail and head region
ere often thick and wrinkled. Original stylet minus
sal thickening portion present although this struc-
te often obscured and shoved aside by the develop-
ngi'gonad (this explaining the size discrepancy
wween the stylets in the free-living and parasitic
males). Lateral fields not discernible. Anus termi-
1. Vulva present although often obscured. After egg
atching, juveniles undergoing two molts in uterus.
Jvoviviparous.

Males: Lacking a stylet and associated pharyngeal
lands. Hemizonid prominent as swelling just above
xcretory pore. Lateral fields, 3-4 pm in width,
esent but striae faint. Spicules broad at base, with
erminal fourth bent outward; bursa and gubernacu-
tin absent. Tail elongate with faint rounded swelling

{ip.

#The preceding account is based on the examinarion
f:living specimens which show morphological fea-
ures much clearer than fixed material. The British
Columbia strain of H. neccosmis sp. n. did not appear
0 possess any qualitative characters that separated it
rom the Florida strain. However, some of the mea-
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surements of the females of the British Columbia
strain ranged higher than those of the Florida strain
and are given below. There were no quantitative dif-
ferences between the males of the two strains. In the
British Columbia strain, those measurements that dif-
fered from the Florida strain in the free-living females
were the length (458 [384-517] um), the distance
from the head to the middle of the nerve ring (84
[72-93] pm), the distance from the head to the excre-
tory pore (93 [83-99] um), the stylet length (12
[11-13] um), and the distance from the dorsal gland
orifice to the ventral gland orifice (18 [16-20] pm).
The length of the parasitic females of the British
Columbia strain ranged from 1920 to 3200 um. Since
at this time, clear characters separating these two
populations could not be found, they will be referred
to as the Florida and British Columbia straing of
H. neocosmis sp. n.

"TYPE HOST AND LOCALITY

Found in the hemocoel of Drosophila acutilabella
Stalker collected from Manasota Key, FL, USA (Flo-
rida strain). Also found in D. suboccidentalis Spencer
from Peachland, BC, Canada (British Columbia
strain).

TYPE MATERIAL

Holotype: free-living female of the Florida strain
(UCDNC 3651) - Allotype: male of the Florida strain
(UCDNC 3652); deposited in the Nematology Col-
lection, Department of Nematology, University of
California, Davis. Paratypes in the collection of the
Muséum National d'Histoire Naturelle, Paris, France,
and in the author's collection.

DIAGNOSIS AND RELATIONSHIPS

The absence of a bursa and gubernaculum in
H. neocosmis sp.n. separates this species from all of the
other members of the genus with the exception of a
group of three specics which parasitize acalyptrate
Muscomorpha, namely H. marginazs in Sphaeroceri-
dae, H. albopunctata in Sepsidae and H. aoronym-
phium in Drosophilidae. The oviparous nature of the
former and the long stylet of H. albopunctatis distin-
guish them from H. neocosmis. It is obvious that the
new species is closest to the European drosophilid
parasite H. aoromymphium. However, the following
characters separate the two species: size of the spi-
cules (11-15 in H. neocosmis vs 19-21 pm in H. aoro-
nymphium), the distance from the head to the
excretory pore in the male (80-88 in H. neocosmis
sp.n. os 98 pm in H. aoromymphium), the presence of
basal thickenings on the stylet in H. neocosmis and
their absence in H. aoronymphium, the presence of a
stylet, anus and vulva in the parasitic female of H. neo-
cosmis and their absence in H. acronymphium, and the
length of the stylet in the infective female (10-12 in
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Table 1. List of species of the genus Howardula Cobb, 1921 with indication of their host(s).

Type speczes i
H ‘bemgna Cobb 1921

Vahd specxes
o H acarimorim: Wachek 1955
H aeris Remiller & Van Waereh ckc, 107 6
Zalbopu ctara Yatham & Raog 1980

: oscmellae Gmdcy, 19,0 :

CH phyzzgmae Oldham, 1933 L :
. saginara Rajashekar, Rao, Reddy &Reddy, x995
,H irin ata Remﬂlet & Van Wauebeke 1975

Specze mqmrendae

H cunezfer Wi ter, :1941_
A hirsuza Watren, 1941 -
: H k térrib_ili& Warren, 1¢ 47

H przma Rubmov Tshumakova, 1981
. : stenoloba Rubtmv & T@hu mkﬂva, 1981

i .C_oleopm{ _
 Diptera: Sp

;‘Ac‘ari'na‘ e
_ Acatina
'Acaf nid

: f«”Acarma S

S1p’hdnéptez;é
- Siphonapteta

H. neocosmis vs 14-15 [rarely 12] um in H. aoronym-
phium.).

BIOLOGICAL OBSERVATONS

The life cycle of H. meocosmis sp.n. appears to be
similar to those of other members of the genus. The
fertilized free-living fernale enters a young host larva
by penetrating the cuticle with the aid of its styler and
salivary glands. This was easily demonstrated when
young fly larvae were placed in Petri plates with infec-
tive stage female nematodes. Up to ten nematodes
were observed in a single fly larva and it appears that
when penetration occurs in very young hosts, the lat-
ter may succumb to septicemia from bacteria entering
the penetration wounds. By the time the infected host
has emerged as an adult, the female nematodes have
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swollen into sausage-shaped parasites and are produc
ing numerous eggs. These eggs hatch inside the uter
of the fermale and the juveniles develop and molt twi¢
while still in this location (no evidence of a mol
occurring within the egg was noted, although in'on
case, a molt occurred at the time the juvenile emerge
from the egg). It appears that when the juveniles leav
the uterus of the female and enter the host hemocoel;
they have molted twice and are in the third stage
Thus the two molts seen in the free-living nematode
would account for the normal four molrs in the nema
todes life cycle. Exit from the host occurs from the
genital and digestive tracts. Once in the environment,
the nematodes molt twice to the adult stage, mfﬁl@ an
the females search for a new host. .

Fundam. appl. Nematok



Howardula neocosmis sp. ».

cies in the genus Howardula

Lere are at least 24 described species in the genus
wardula Cobb, 1921 (see Table 1). Four of these
claviger, H. cuneifer, H. hirsuta, and H. terribilis)
» described by Warren (1941) only on the basis of
ological sections made through the bodies of para-
od mites and are considered species inguirendae
1ddigi, 1986). The two species described from fleas,
prima and H. stenoloba by Rubtsov and Tshuma-
va (in Rubtsov, 1981) are based only on the struc-
of the parasitic female and we agree with Deunfl
g4y that there is no evidence that these parasites
jong to the genus Howardula. Therefore, they
ould be considered as species dubiae. The species F.
w1 fromm Sharga (1932) and other Howardula spp.
acking thrips have been transferred by Siddigi
16) to the genus Thripinema . Thus, at this time,
tost range of Howardula includes Coleoptera,
1pt'era and Acarina. Most diagnostic characters of
embers of this genus reside in the free-living males
d femmales. These include the presence of a bursa
d ‘gubernaculum and size of the spicules in the
le, the stylet length in the female and the overall
dy lengths as well as the distances from the head to
&nerve ring and excretory pore in both sexes.

Discussion

As a group, the Allantonematids have a curious host
ge. While the great majority of described species
rasitize holometabolous insects of the orders Coleo-
stera and Diptera, others attack mites, thrips and
emiptera (Poinar, 1975). Fossil records of Allan-
nematids date back to the Tertiary, some 20-40 mil-
n. years ago (Poinar, 1984, 1993; Poinar &
rodzinsky, 1986 ) and involve both dipteran (Dro-
sophilidae) and coleopteran (Staphylinidae) hosts. It
has been speculated that the Allantonematidae arose
the Carboniferous (Poinar, 1983), quite possibly
ith acarines or Hemiprera serving as the original
Hosts. It is not known when the two genera (Howar-
ula and Parasitylenchus) initiated parasitic relation-
ships with the Drosophilidae (as well as with other
acalyptrate families of Diptera), but it may have
curred in the late Cretaceous or early Tertiary. The
report by Gershenson (1939) listing a Chondronema
Cliristie & Chirwood, 1931, infection of Drosophili-
dae is undoubtedly an error since this genus of para-

tes is only known to occur in members of the
Passalidae (Coleoptera) and has now been transferred

it of the Allantonematidae (Sidiqqi, 1986).

It is interesting that two allantonematid genera have
adapted to the same family of hosts. While Weich
(1959) reported that 2 diplogenus and H. aoronym-
hium both occurred in separate host species in Eng-
and, Poinar er al. (1997) noted that in New York
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state, D. recens was parasitized (even the same indivi-
duals) by both Parasitylenchus and Howardula.

Of the five reported Diptera parasitized by Howar-
dula spp., all belong tw the Brachycera and four are
acalyprrate Muscomorpha, With the exception of
H. oscinellae parasitizing a member of the Chloropi-
dae, all of the Howardula parasitizing flies form a mor-
phological group characrerized by the loss of the
gubernaculum.
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