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Summary

DetailsabouttherecordofajuvenilemermithidroundwormparasitizingthebarkspiderCaerostris 
sumatrana Strand,1915fromThailandarepresented.Themorphologyandecologyofbothorgan-
ismsisdiscussed.Morphologicalfeaturessuggestthisjuvenilenematodebelongstothegenuscf.
Aranimermis.Duetothesubadultstageofparasite,identificationtospecies-levelwasnotpossible.
This first report of anematode infection inC. sumatranawith several recent findings fromother
studiessignificantlyaddstothecurrentinventoryofmermithidsparasitizingspiders.Moreover,our
findingisamongthefirstrecordofthishost-parasiteinteractionfromSoutheastAsia.
Keywords: Agamomermis;Aranimermis;Caerostris sumatrana;orb-webspider;parasitoid;Thailand

Introduction

Spiders are top-predators in arthropod communities playing an
important role in insect reduction (Marc et al.,1999;Michalko&
Pekár, 2015; Michalko et al., 2019). However, there are many
groupsofinvertebratesthatalsofeedonspiders.Inthisrespect,
parasites and parasitoids are among the very important group 
ofnaturalenemiesofspiders.Recently,recordsoftheparasites
andparasitoidsofspidersarebecomingmorefrequentandmany
authors have described occurrences of parasitisation by hyme-
nopterous,dipterous,andneuropterousparasitoids(e.g.Allard&
Robertson,2003;Finch,2005;Takasukaet al.,2017).However,
verylittleisknownabouttherelevanceofnematodeparasitismin
spiders(Poinar,1987;Penney&Bennett,2006).Thesefindings
arerareandtheparasiteisusuallynotidentifiedtospeciesoreven
genusduetothedifficultiesinidentificationwhichrequirefullyma-
tureadultspecimens(Poinar,1987;Penney&Bennett,2006).All
of known reports of natural nematode parasitism in spiders be-
long to the group of parasitoids from the family Mermithidae (order 
Mermithida),whichgenerallyparasitizeoninvertebratesonly(Poi-

nar,1987;Meyer,2014).Apartfromspiders,mermithidscanalso
be found parasitizing in mosquitoes, grasshoppers, butterflies,
damselflies or cockroaches (Meyer, 2014). However, for many
mermithids,thehostspeciesisstillunknown(Nickle,1972).
Uptonow,onlythefollowingmermithidgenerahavebeenrecord-
ed to parasite on spiders:Mermis Dujardin, 1845;Hexamermis
Steiner, 1924;AgamermisCobb,Steiner&Christie, 1923;Hey
denius Taylor,1935andArachnomermisRubtsov,1978 (Poinar,
1985; Poinar, 2000; Poinar, 2012). Further, Poinar and Welch
(1981)erectedacollectivegenusAgamomermisforallidentifica-
tionsbasedonjuvenilematerialunsuitableforspeciesidentifica-
tion(Poinar,1987;AllardandRobertson,2003).Afterwards,Poin-
arandBenton(1986)andPoinar&Early(1990)providedthefirst
descriptionsbasedonadultspecimensofmermithidsanderected
the genus Aranimermiswithageneralcharacterizationofthisdis-
tinctivegenusthatistrophicallyspecializedonspiders.
Parasitismbyamermithidisfataltothehost(Nikdelet al.,2011;
Poinar, 1983). The life cycle including five stages is described
inPoinar (1983):egg, secondstage juvenile (preparasitic infec-
tive juvenile), parasitic third stage juvenile, mature third stage
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postparasitic juvenile, two molts into adult. These parasitoids
have parenteral intake of nutrition from the host tissues and
haemolymphwhichmaystronglyinfluencethephysiologicalcon-
ditionof thehost since the first instarsof parasitedevelopment
(Nikdelet al.,2011).Afterwards,duringtheemergenceofthe(still
juvenile)parasite, themermithidnematodekills itshost (Poinar,
1987).Inthispostparasiticfree-livingstage,theparasitedoesnot
feedanymoreandonlyneedsasuitablehabitattomature.
Spiders from a variety of functional guilds can be infectedwith
mermithids.Animportantfactorforthecompletionofthesenem-
atodes’lifecycleisthepresenceofwater,wetsoil,ormudwhere
they can mature after emergence from the spider host (Poinar, 
1987;Meyer,2014).Regardless, thegrounddwellingandactive
hunterspidersareparasitizedmoreoftenincomparisonwithorb
weborspacewebspiders(e.g.Penney&Bennett,2006;Zamani,
2014).Usually,spidersbecome infectedby ingestingaparaten-
ichostordirectlybybeingpenetratedbyan infective larva that
has recently hatched out fromeggs (Penney&Bennett, 2006).
Infectedspidersmayshowsymptomssuchasanenlargedand
deformedabdomen,deformedcopulationstructures,ordeformed
legs.Moreover,theymayshowchangesinbehavioursuchasleth-
argy,slowerreactiontimestopredators,andatendencytomove
towardswater(Poinar,1985;Pizzi,2009;Meyer,2014).
Thepurposeof thepresentpaper is to report thefirstfindingof
amermithidnematode,whichparasites in theCaerostris suma

tranaStrand,1915fromtheregionofSoutheastAsiaalongwith
ecologicalnotesonthedistributionsofspidermermithids.Todate,
therearenorecordsofendoparasitismbynematodesinorb-web
spiders from the Asian region and furthermore, there are not even 
reports of mermithids in any groups of spiders from Southeast 
Asia.Thepostparasiticjuvenilestageisdescribedanditscharac-
teristicsareillustrated.Thelistofrecordsofmermithidinfections
madebyPoinar(1987)andPenney&Bennett(2006)isupdated
according to the recent findings (Rodrigueset al., 2005;Meyer,
2014;Zamani,2014;Ranade&Prakash,2016)andamendedwith
thelocationandregionofthehost-parasitefinding.

Materials and methods

The twoCaerostris spiderswerecollectedon theedgeofadry
evergreenforestinthePhethaburiprovinceofBanLatdistrict in
thecentralpartofThailand(12°96’85”N,99°66’53”E;Fig.1).The
hillylandscapeareaofthelocalitywasatanaltitudeof300-400m
a.s.l.Theareafromwhichtheparasitizedspiderwascollectedwas
shelteredbyadensecanopyofdryevergreenforestwithpresence
ofriverstreamsandsmallpatchesofdisturbedandloggedforest
stands.Spiderswere sampledduring rainy season (July 2014),
thus the environment in the locationwas very humid and influ-
enced by short-term heavy rains. Specimens were collected at
nightbyvisuallysearchingandremovingindividualsdirectlyfrom

Fig.1.DistributionmapofmermithidsparasitinginspidersthroughoutthewholeareaofAsia.Allsevenrecords(bluecircles)fromAsiaaretakenfromthefollowing
literature:Okochi(1969);Matsuda(1999);IidaandHasegawa(2003);Zamani(2014);RanadeandPrakash(2016).Ourfindingismarkedbyredcolouredcircle

(forlocalitydescriptionseeMaterialandMethods).



159

Fa
m

ily
Ho

st
 o

f m
er

m
ith

id
Hu

nt
in

g 
gu

ild
Me

rm
ith

id
Co

un
try

Co
nt

in
en

t
Re

fe
re

nc
e

Ag
ele

nid
ae

Ag
ele

no
ps

is 
or

eg
on

en
sis

 
Ch

am
be
rlin

&
Iv
ie
19
35

Sh
ee
tw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Am
au
ro
bii
da
e

Eu
ro

co
elo

te
s i

ne
rm

is 
(L
.K

oc
h1

85
5)

Sh
ee
tw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

Ge
rm

an
y

Eu
ro
pe

in
Po

ina
r(
19
87
)

An
tro

dia
eti

da
e

At
yp

oid
es

 ri
ve

rs
i O

.P.
-C
am

br
idg

e1
83
3

Se
ns
ing

w
eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

An
yp

ha
en

ida
e

W
ulfi

la 
alb

en
s (
He

ntz
,1
84
7)

Ot
he
rh
un
ter
s

Ar
an

im
er

m
is 

ap
tis

pic
ula

 
Po

ina
r&

B
en
ton

,1
98
6

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ar
an

eid
ae

Ac
ule

pe
ira

 ce
ro

pe
gia

 (W
alc

ke
na
er
18

02
)

Or
bw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

UK


Eu
ro
pe

in
Po

ina
r(
19
87
)

Ar
an

eid
ae

Ar
an

eu
s d

iad
em

at
us

 C
ler
ck
17

57
Or
bw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

UK


Eu
ro
pe

in
Po

ina
r(
19
87
)

Ar
an

eid
ae

Ve
rru

co
sa

 a
re

na
ta

 (W
alc

ke
na
er
18

42
)

Or
bw

eb


we
av
er
s

Ar
an

im
er

m
is 

ap
tis

pic
ula

 
Po

ina
r&

B
en
ton

,1
98
6

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ct
en
ida

e
Le

pt
oc

te
nu

s b
yr

rh
us

 S
im
on
18

88
Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

UK


Eu
ro
pe

Po
ina

r(
20
00
)in

P
en
ne
y&


Be

nn
et
(2
00
6)

Cy
ba
eid

ae
Ar

gy
ro

ne
ta

 a
qu

at
ica

 (C
ler
ck
17

57
)

Sh
ee
tw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

UK


Eu
ro
pe

in
Po

ina
r(
19
87
)

Gn
ap

ho
sid

ae
Ce

so
nia

 b
ilin

ea
ta

 (H
en
tz
18
47
)

Gr
ou

nd
 hu

nte
rs

Ar
an

im
er

m
is 

ap
tis

pic
ula

 
Po

ina
r&

B
en
ton

,1
98
6

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Gn
ap

ho
sid

ae
Gn

ap
ho

sa
 lu

cif
ug

a 
(W

alc
ke
na
er
18

02
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Ge
rm

an
y

Eu
ro
pe

in
Po

ina
r(
19
87
)

He
xa
the

lid
ae

Po
rrh

ot
he

le 
an

tip
od

ian
a 

(W
alc

ke
na
er
18

37
)

Sh
ee
tw

eb


we
av
er
s

Ar
an

im
er

m
is 

gig
an

te
us

 
Po

ina
r&

E
ar
ly,
19

90
Ne

w
Ze
ala

nd
Au

str
ali

a
Po

ina
r&

E
ar
ly
(1
99
0)
in


Pe
nn
ey
&
B
en
ne
t(
20
06
)

Idi
op
ida

e
M

isg
ola

s b
or

ea
lis

 (F
or
ste

r1
96
8)

Se
ns
ing

w
eb


we
av
er
s

Ar
an

im
er

m
is 

gig
an

te
us

 
Po

ina
r&

E
ar
ly,
19

90
Ne

w
Ze
ala

nd
Au

str
ali

a
Po

ina
r&

E
ar
ly
(1
99
0)
in


Pe
nn
ey
&
B
en
ne
t(
20
06
)

Lin
yp
hii
da
e

M
icr

yp
ha

nt
es

 b
icu

sp
ida

tu
s C

.L.


Ko
ch
18

38
Sh

ee
tw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Al

op
ec

os
a 

inq
uil

ina
 (C

ler
ck
17

57
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Al

op
ec

os
a 

tra
ba

lis
 (C

ler
ck
17

57
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Ar

cto
sa

 a
lpi

ge
na

 (D
ole

sc
ha
ll1

85
2)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

UK


Eu
ro
pe

Po
ina

r(
20
00
)in

P
en
ne
y&


Be

nn
et
(2
00
6)

Ta
ble

1.
S
um

ma
ry
of
all
re
co
rd
so

fm
er
mi
thi
ds
fr
om

sp
ide

rs
ar
ou
nd
th
ew

or
ld.


*U
nk
no
wn

co
un
try
,h
ow

ev
er
th
eg

eo
gr
ap
hic

re
gio

nc
an
be

de
ter
mi
ne
db

yt
he
di
str
ibu

tio
no

fth
es

pid
er
ho

st.
S
pid

er
fa
mi
lie
sa

lph
ab
eti
ca
lly
ar
ra
ng
ed
.



160

Ly
co
sid

ae
Ge

oly
co

sa
 p

at
ell

on
igr

a 
W
all
ac
e1

94
2

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Hy

gr
oly

co
sa

 ru
br

of
as

cia
ta

 (O
hle

rt
18
65
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Fin
lan

d
Eu

ro
pe

Ah
tia
ine

ne
ta
l.(
20
04
)in


Pe

nn
ey
&
B
en
ne
t(
20
06
)

Ly
co
sid

ae
Pa

rd
os

a 
ag

re
sti

s (
W
es
trin

g1
86
1)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
am

en
ta

ta
 (C

ler
ck
17

57
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
fu

rc
ife

ra
 (T

ho
re
ll1

87
5)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
gla

cia
lis

 (T
ho
re
ll1

87
2)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Gr
ee

nla
nd

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
ho

rte
ns

is 
(T
ho
re
ll1

87
2)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
lug

ub
ris

 (W
alc

ke
na
er
18

02
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
m

ilv
ina

 (H
en
tz
18
44
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Ca
na
da

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
pa

lus
tri

s (
Lin

ne
au
s1

75
8)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
ps

eu
do

an
nu

lat
a 
(B
oe
se
nb
er
g&


St
ra
nd
19

06
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Ja
pa
n

As
ia

Iid
a&

H
as
eg
aw

a(
20
03
)in


Pe

nn
ey
&
B
en
ne
t(
20
06
)

Ly
co
sid

ae
Pa

rd
os

a 
rip

ar
ia 
(C
.L.
K
oc
h1

83
3)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
sp

ha
gn

ico
la 
(D
ah
l1
90
8)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pa

rd
os

a 
su

wa
i T
an
ak
a1

98
5

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Ja
pa
n

As
ia

Ma
tsu

da
(1
99
9)
in
P
en
ne
y

&
Be

nn
et
(2
00
6)

Ly
co
sid

ae
Pa

rd
os

a 
va

nc
ou

ve
ri 
Em

er
ton

19
17

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Pr

oly
co

sid
es

 a
m

bly
gy

na
(M

ell
o-
Le
itã
o,

19
42
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Pe
ru

So
uth

 A
me

ric
a

in
Ro

dr
igu

es
et
al
.(
20
05
)

Ly
co
sid

ae
Ra

bid
os

a 
ra

bid
a 
(W

alc
ke
na
er
18

37
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Sc

hiz
oc

os
a 

sa
lta

tri
x (
He

ntz
18

44
)

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
So

sip
pu

s fl
or

ida
nu

s S
im
on
18

98
Gr

ou
nd

 hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
US

A
No

rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ly
co
sid

ae
Tr

oc
ho

sa
 te

rri
co

laT
ho
re
ll,
18
56

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

Ge
rm

an
y

Eu
ro
pe

in
Me

ye
r(
20
14
)

Ne
me

sii
da
e

St
an

we
llia

 ka
itu

na
 (F

or
ste

r1
96
8)

Se
ns
ing

w
eb


we
av
er
s

Ar
an

im
er

m
is 

gig
an

te
us

 
Po

ina
r&

E
ar
ly,
19

90
Ne

w
Ze
ala

nd
Au

str
ali

a
Po

ina
r&

E
ar
ly
(1
99
0)
in


Pe
nn
ey
&
B
en
ne
t(
20
06
)

Ox
yo
pid

ae
Ox

yo
pe

s s
er

ta
tu

s L
.K

oc
h1

87
7

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

Ja
pa
n

As
ia

Ok
oc
hi
(1
96
9)
in
P
en
ne
y&


Be

nn
et
(2
00
6)

Ox
yo
pid

ae
Pe

uc
et

ia 
vir

ida
ns

 (H
en
tz
18
32
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Ph
ilo

dr
om

ida
e

Tib
ell

us
 o

blo
ng

us
 (W

alc
ke
na
er
18

02
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

Ge
rm

an
y

Eu
ro
pe

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Fr
igg

a 
sp

. (
C.
L.
K
oc
h,
18
50
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

Br
az
il

So
uth

 A
me

ric
a

in
Ro

dr
igu

es
et
al
.(
20
05
)



161

Sa
ltic

ida
e

Ha
br

on
at

tu
s s

ign
at

us
 (B

an
ks
19

00
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

Ha
wa

ii(
US

A)
Oc

ea
nia

Va
nd
er
ga
st
&
Ro

de
ric
k

(2
00
3)
in
P
en
ne
y&

B
en
ne
t

(2
00
6)

Sa
ltic

ida
e

M
yr

m
ar

ac
hn

e 
fo

rm
ica

ria
 (D

eG
ee
r1
77
8)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Ph
idi

pp
us

 b
or

ea
lis

 B
an
ks
18

95
Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Ph
idi

pp
us

 cl
ar

us
 K
ey
se
rlin

g1
88
5

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Ph
idi

pp
us

 jo
hn

so
ni 
(P
ec
kh
am

P
ec
kh
am


18
83
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Ph
idi

pp
us

 p
ut

na
m

i (P
ec
kh
am

P
ec
kh
am


18
83
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Si
ttic

us
 flo

ric
ola

 p
alu

str
is 
(P
ec
kh
am

&


Pe
ck
ha
m
18
83
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

US
A

No
rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Sa
ltic

ida
e

Th
iod

ina
 sp

. (
Si
mo

n,
19
00
)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

Br
az
il

So
uth

 A
me

ric
a

in
Ro

dr
igu

es
et
al
.(
20
05
)

Sp
ar

ra
ss

ida
e

He
te

ro
po

da
 ve

na
to

ria
 (L

inn
ae
us
,1
76
7)

Ot
he
rh
un
ter
s

sp
ec

ies
 in

qu
ire

nd
ae

Ind
ia

As
ia

in
Ra

na
de
&
P
ra
ka
sh


(2
01
6)

St
iph

idi
ida

e
Ca

m
br

idg
ea

 fo
lia

ta
 (L

.K
oc
h1

87
2)

Sh
ee
tw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

Ne
w
Ze
ala

nd
Au

str
ali

a
in
Po

ina
r(
19
87
)

Te
tra

gn
ath

ida
e

Te
tra

gn
at

ha
 a

nu
en

ue
 G
ille

sp
ie
20
02

Or
bw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

Ha
wa

ii(
US

A)
Oc

ea
nia

Va
nd
er
ga
st
&
Ro

de
ric
k

(2
00
3)
in
P
en
ne
y&

B
en
ne
t

(2
00
6)

Te
tra

gn
ath

ida
e

Te
tra

gn
at

ha
 b

re
vig

na
th

a 
Gi
lle
sp
ie
19
91

Or
bw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

Ha
wa

ii(
US

A)
Oc

ea
nia

Va
nd
er
ga
st
&
Ro

de
ric
k

(2
00
3)
in
P
en
ne
y&

B
en
ne
t

(2
00
6)

Te
tra

gn
ath

ida
e

Te
tra

gn
at

ha
 p

ra
ed

on
ia 
L.
Ko

ch
18

78
Or
bw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

Ja
pa
n

As
ia

Ok
oc
hi
(1
96
9)
in
P
en
ne
y&


Be

nn
et
(2
00
6)

Te
tra

gn
ath

ida
e

Te
tra

gn
at

ha
 q

ua
sim

od
o 
Gi
lle
sp
ie
19
91

Or
bw

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

Ha
wa

ii(
US

A)
Oc

ea
nia

Va
nd
er
ga
st
&
Ro

de
ric
k

(2
00
3)
in
P
en
ne
y&

B
en
ne
t

(2
00
6)

Th
er

idi
ida

e
En

op
log

na
th

a 
ov

at
a 
(C
ler
ck
17

57
)

Sp
ac
ew

eb


we
av
er
s

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)

Th
om

isi
da

e
Di

ae
a 

do
rs

at
a 
(F
ab
ric
ius

17
77
)

Am
bu
sh


hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
*

Eu
ro
pe

in
Po

ina
r(
19
87
)



162

Th
om

isi
da

e
M

isu
m

en
op

s t
ric

us
pid

at
us

 (F
ab
ric
ius

17
75
)
Am

bu
sh


hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
Ja
pa
n

As
ia

Ok
oc
hi
(1
96
9)
in
P
en
ne
y&


Be

nn
et
(2
00
6)

Th
om

isi
da

e
Xy

sti
cu

s d
eic

hm
an

ni 
So

er
en
se
n1

89
8

Am
bu
sh


hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
US

A
No

rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Th
om

isi
da

e
Xy

sti
cu

s d
ur

us
 (S

oe
re
ns
en
18

98
)

Am
bu
sh


hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
US

A
No

rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Th
om

isi
da

e
Xy

sti
cu

s f
un

es
tu

s K
ey
se
rlin

g1
88
0

Am
bu
sh


hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
US

A
No

rth
A
me

ric
a

in
Po

ina
r(
19
87
)

Th
om

isi
da

e
He

ria
eu

s s
pin

ipa
lpu

s L
oe
rb
ro
ks
19

83
Am

bu
sh


hu
nte

rs
sp

ec
ies

 in
qu

ire
nd

ae
Ira
n

As
ia

in
Za
ma

ni
(2
01
4)

Zo
rid

ae
Zo

ra
 m

ac
ulo

sa
 R
oe
we

r1
95
1

Gr
ou

nd
 hu

nte
rs

sp
ec

ies
 in

qu
ire

nd
ae

*
Eu

ro
pe

in
Po

ina
r(
19
87
)



163

theroundweb.Bothfemaleswereidentifiedaccordingtoavailable
literature(Murphy&Murphy,2000)asorb-webspiders,Caerostris 
sumatrana.Aftercollection,theobtainedmaterialwaskeptalivein
60mlindividualplasticjars.
Parasite emergence from the host started after eight hours of live 
spider captivity. No freeliving post-parasites were found. After
hatchingthepost-parasiticjuvenileaswellasthedeadspiderhost
werefixedin70%ethanol.Forlightmicroscopyexaminationthe
nematodewastransferredgraduallyintosolutionofglycerineand
water(2:1)beforemountingonmicroscopeslides.Theexamina-
tionof theparasitewasperformedbyusinganOlympusBX50
microscopeequippedwithdifferential interferencecontrast(DIC)
optics,digitalimageanalysissystem(MotionStream),andadraw-
ing attachment.Graphic processing of imagesweremaintained
andmodifiedinAdobeIllustratorCS3andPhotoshopCS4.

Thespiderandthemermithidnematodehavebeenbothdeposited
in the collection of the Faculty of Forestry and Wood Technology 
ofMendelUniversityinBrno(vouchernumberMendelu-FF-1545).

Ethical Approval and/or Informed Consent

The conducted research is not related to either human or animals 
use.Informedconsenthasbeenobtainedfromall individualsin-
cludedinthisstudy.

Results

Intotal,twoadultfemalesofC. sumatrana (Fig.2A,B)werefound
atthelocalityandwerefoundveryclosetoeachother(15metres).
Nosignificantdifferencesinbodysizeortheconstitutionofboth
spider sampleswere found (total length 15.3mm, opisthosoma
6.2mmlongand5.1mmwide).OnesampleofC. sumatranawas
infectedbyanematodewhichemergedfromthehostaftereight
hoursofthespiderbeingkeptincaptivityina60mlplasticjar.Sec-
ondspecimenofspiderwaskeptincaptivityforseveralweeksand
noparasitismevidencewasfound.Therefore, only one specimen 
ofpostparasiticjuvenilewasobtainedandmeasured.
Thespecimenwasbrownishincolour(Fig.3),slightlytransparent
atthetaperedroundedends(Fig.4).Themermithidwasextreme-
lylonginrespecttoitsspiderhost,itwas28.1cminlengthanda
maximumof1.2mmwide.Itwasdeterminedasacollectivege-
nus AgamomermisPoinaretWelch,1981,becauseidentification
tospecies levelbasedonsuch juvenilestagewasnotpossible.
However,themorphologicalfeaturesoftheexaminedpostpara-
siticjuvenile,includingthepresenceofsixcephalicpapillaeinone
plane, amphids located near the lateral cephalic papillae, terminal 
mouthopening,thelackoflaterallippapillae,andthepointedap-
pendageattheendofthetail(Fig.4-5),wereconsistentwiththose
ofpostparasitic juveniles fromthegenusAranimermisPoinar&
Beton,1986,aspeciesspecializedonparasitinginspiders.Based
onthesecharactecters,thespecimenwasclassifiedasgenuscf.
Aranimermis.

Discussion

Spidermermithids are recorded from various parts of theworld
(Poinar,1987;Penney&Bennet,2006;Zamani,2014),however
their findings are usually rare comprisingmainly juvenile speci-
mensineligibleforspeciesdesignations.Thisisbecauseoftheir
complex life style and development which in natural conditions
usuallyenablesonlyaccidentaldiscoveries(Poinar,1985).Ingen-
eral,therearetwowaysinwhichthespiderparasitingmermithids
candevelope:(i)directlifecycle,thatincludesthedirectpenetra-
tionof theparasite into thehostand(ii) the indirect lifecycle in
which themermithidenters thebodyof thespiderby infestation
ofaparatenichostwhicharemostoftenlarvaeofvariousaquatic
insects(Poinar&Early,1990;Zamani,2014).Aftertheemergence

Fig.2. The parasited spider Caerostris sumatranainanorb-webbeforecollecting.
A:Overalviewofspiderbodywithoutanyvisibledeformationscausedbyits

parasitoid.B: Frontviewofthesamespecimen.
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fromtheirhost,postparasiticjuvenilemermithidsneedstomature
insoilorfreshwater(Poinar&Early,1990).Mostoftherecordsare
provided from this life stage (individuals directly emerging from the 
spiders), therefore thesespecimens lackspeciescharacteristics
anditisonlypossibletoidentifythemtothefamilyorgenuslevel.
AccordingtoPoinar&Welch(1981),thejuvenilespecimenscan
onlybeidentifiedtoacollectivegenus,Agamomermis.However,
Poinar&Benton(1986)raisedanewgenus,Aranimermis,which
includeslargeandmassivespeciesthatarespecializedonpara-
sitizinginspidersandsharethesamegenuscharacteristicsasour
studiedsample.
Due to the largeness of some mermithids, parasited spiders often 
show external morphological abnormalities (Poinar, 1983), e.g.
greatly enlarged opisthosoma, an altered epigynum, malformed 
palpi, shorter and thicker legs, and poorly developed or absent
malesecondarysexualcharacteristics(Holm,1941;Leech,1966).

Nevertheless, our host did not have any visible changes and it
lookedthesameas theothernon-infectedspecimenwhichwas
also collected.Meyer (2004)andRodrigueset al. (2005) report
thatinfectedspidersdidnotposeanysignificantchangesinmor-
phology, except for swollen abdomens. Therefore, the absence
ofanysignificantmorphologicalchangesinoursampledspiders
(infected and uninfected) is very surprising, especially as the
mermithidparasitereached28cminlength.Thismaybedueto
theoverallmassivebody-constitutionofCaerostris  spiders.The
spiders inwhichPoinar (1987) reportsabnormalitiescome from
theLycosidae,SalticidaeandThomisidaefamilieswhicharemuch
smaller than our Caerostris spiderspecimen.Inourcase,internal
organs andmorphology was not studied, however, we assume
severedamagetointernalbodypartsofthespiderasthespider
specimendiedimmediatelyafterparasiteemergence.Ingeneral,
the effect of the parasitoid on host physiological appearance re-

Fig.3. The host Caerostris sumatranaStrand,1915andthelivepostparasiticjuvenilemermithid.
A:Nematodeanditskilledhostafteremerging.B: Different positions of the mermithid in motion.
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quiresmoreresearchbeforewecanfullyunderstandtheoverall
effectofmermithidparasitoidsonthespider´sbodyandbehaviour.
Meyer (2014) points out that the infection rate of spiders by
mermithidsishigherinspiderpopulationslocatedaroundhabitats
suitableforparasitematuration,suchaswetlandsandfreshwater
streams, which in addition usually support an increased abun-
danceofaquaticinsectswhichserveasimportantparatenichosts.

Indeed,ourfindinghasbeenconductednearawaterstreamand
during the tropicalwet season that is characterizedby frequent
rainfallsandveryhighhumidity.Wesupposethat thisseason is
suitable for the final development and maturation of mermithid
parasitesasthedryseasonintropicallowlandforestsmaynotbe
favourableduetothehighdroughtandlowerwaterlevelinfresh-
water streamswhich also is likely to negatively affect paratenic
insecthosts(Murphy&Lugo,1986).Poinar(1985)pointoutthat
mostspidersfoundparasitizedwouldhaveanopportunitytofeed
onadult insectswhichpossessanaquatic larvalstage.Wecan
supportthishypothesisaswehavefoundmanypreyremainsof
Trichoptera,ChironomidaeandCulicidaeinthespiderhostweb.
AccordingtoPenney&Bennet(2006)andMeyer(2014)theinfec-
tionrateinsomespiderpopulationsmayreachmorethan8%and
isrecordedfromalltrophicguildsofspiderswithdifferenthunting
strategies(Cardosoet al.2011).Thisisprobablybecauseofthe
indirect development of mermithids that use insects as paratenic 
hosts,whicharetheconsumedbyvarioushuntingguildsofspi-
ders.However, itseems that thehighestprevalenceof infection
hasbeenusuallyfoundinactivelyhuntingspiderssuchasground
andotherhuntersfromLycosidaeandSalticidaefamilies(Iida&
Hasegawa2003;Penney&Bennet2006;seeupdatedTable1).
Ontheotherhand,parasitismsinorb-webspidersfromAraneidae
family,whichincludesCaerostris sumatrana, areknownworldwide
onlyfromthreespeciesreportedtodatebackmorethan30years
ago(Poinar,1987):Aculepeira ceropegia(Walckenaer1802),Ara
neus diadematusClerck1757andVerrucosa arenata (Walcken-

Fig.4. Lightmicroscopymicrograph(Nomarskicontrast,superposition
of11photos)ofthecephalicregionofthepostparasiticjuvenilemermithid 
frombarkspider, Caerostris sumatranaStrand,1915.Scalebar:50µm.

Fig.5. Linedrawingsofpostparasiticjuvenilemermithid from Caerostris sumatranaStrand,1915. 
A: Headregion,lateralview.B:Tailregion,lateralview.Scalebars:A=200µm,B=1mm
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aer1842).Norecentdocumentationhasbeenmadefororb-web
genus Caerostris,notevenforthewholefamilyofAraneidaeinlast
fewdecades(Penney&Bennet,2006).
It must be noted that most of the spider-mermithid interactions
come from the Palaearctic and Nearctic region in mild climate
ofEuropeandNorthernAmerica (e.g.Penney&Bennet, 2006;
Meyer, 2014). Records from sub-tropical and/or tropical biore-
gions (especially inAsia) are very scarce and usually onlywith
individualfindings(Rodrigueset al.,2005;Zamani,2014;Ranade
&Prakash,2016;seeFig.1).Wesupposethiscouldbeexplained
by long-term and constant arachnological research in countries
ofEuropeand/orNorthAmerica. Furthermore, pitfall trapping is
amongthemostfrequentcollectingmethodsforspidersinthese
regions (Schmidt et al.,2005).Thismethod,usuallyusedwithdif-
ferentpreservationmediums,efficientlycatcheshighabundances
of various groups of epigeic and other actively moving spiders and 
thus likely enhances the overall chance of catching amermith-
id infectedspider (seeaboveandTable1.).On theotherhand,
arachnological research in SoutheastAsian countries has been
neglectedandverylimited,becomingmoreprogressiveonlyinthe
last10years(e.g.Jaeger&Praxaysombath,2009,2011;Wong-
prom&Košulič,2016), thereforewesuppose it is themainrea-
sonforthelackofrecordsonspider-mermithidinteractionsfrom
southeastAsia(Fig.1).Thishypothesisisalsosupportedbythe
increasednumberof reportsonparasitized insectsasparatenic
hosts for spiders throughout various countries of Southeast Asia 
during the last couple of decades; therefore this suggestswide
distribution ofmermithids in insect hosts (e.g. Poinar &Chang,
1985;Vythilingamet al.,2005;Jitklanget al.,2012).
Inconclusionourfindingisthefirstrecordofamermithidnema-
todeinthehostspeciesoforb-webspidersfromthegenusCaer
ostris, anditrepresentsthefirstevidenceofspider-mermithidin-
teractions fromSoutheastAsia.However, it isverypossible that
mermithidparasitismisactuallywidespreadinallAsiancountries,
since a great variety of spiders have been noted asmermithid
hostsfromotherregions(e.g.Poinar,1985,1987,1990;Penney
&Bennett,2006;Meyer,2014)andsincefindingsofmermithids
in insect paratenic hosts are common throughout southeast Asia 
(e.g.Jitklanget al.,2012).Unfortunately,thefollowingproblems:
thelowchanceofdetectioninnature,insufficientknowledgeofthis
group,theneedforadultstages(especiallyofmales)foridentifica-
tion,andthedifficultiesinrearingmermithidstotheadultstage,all
complicate the study of mermithid parasitoids of spiders and their 
biodiversityinSouthEastAsiaandelsewhere.
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