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ON SPECIES OF THE GENUS THERMOCYCLOPS
(COPEPODA: CYCLOPIDAE) OCCURRING IN NORTHERN

QUEENSLAND, AUSTRALIA

MARIA HOLYNSKA

Musewten and Tnstitte of Zoologn, Polish Aeadergy of Seiences, Wilezn G4,
(-G70 Warszaiea, Poland; e-wril; mericholonediz ewn. gl

Abstraet— The paper peports on the oceurrenee of five Thermocyelops species o urban
aublerrancan habitats in North Queensland, Australlic 0 craeds sp.onov, 1 paendo-
peveudifer sp.nov., T eglovd (Smiewov), T erassus (Fischer), nnd 7' decipiens (Klefer),
Femules und mules of T apereulifer (Klefer), o supposedly close pelative of the Austeallan
lon T2 peendopereudifer, s redeseribed based on the holotype (Lombok) and non-type
materinl (Suliwest) from Indoneste. Thermoegeliops. erucis sp. nov. and 0 psenddo-
perewlifir sp. nov. (tropieal coast of Queonslund) share the cowdally spinulose
ornpmentation of P2-P4 couplers and bare PL coupler wilh T2 aperentifer (Indonesin:
Lambok, Sulswesi) and 7 wesod (lapan: Kyvoshuo, Tomogashima shand), Diagnostic values
al the morphologieal characters wsed fo define the seloneddi-group’ sensu Mienbdullnyey
and Flers, to which both new Australinn mxn might be allocated, are diseossod, Finding of
' rplord lmown so {ar from East Alrlea, Central and South Asia, In i semlarcld inland
locality In Queensland, s the first record of the specles in Australbie Degeriptions and
Mustrations of the dispnostie chiraeters of T2 erassas and T decfpiens wee provided, and
the morphology of the Australian specimens s compared with that In the European and
Southeast Aslan representatives. An identification key to all Thermocyelops species
pecurring in Avstradin is added.

3
Key words.— Copepoda, Cyelopidae, Thermocyelops, taxonomy, opercnfifer-group,
Australia.
INTRODUCTION of Australia, have been discovered (Holynska and

[n 1997-2000, B. H. Kay and his eolleagues (Queens-
land Institute of Medical Research and University of
Queensland Tropical Heallh Program, Brisbane) inves-
tigaled the application of predator eyclopids (Meso-
epelops) in the hiological control of disease-bearing
Aedes and Ochiercfatus in urban pipeline systems
where mosquiloes may find refuge in cool and dry
periods (Kay el af. 2000, 2002). As a result of the ex-
tensive sampling that included a survey for copepods
In sublerranean urban habitats on the tropical coast
and semiarid inland region of North Cueensland, a few
interesting evelopid taxa, new for science or the fauna

Brown 2003). The Thermncyclaps species here de-
seribed were also found during this project,

The genus Thermoeyclops comprises 52 known
isubjspecies (Mirabdullayey ef al. 2003, Silva and Mat-
sumura-Tundisi 2005). In the latest monograph of the
World fauna, Mirabdullayvev ef al. (2003) pointed to
some widely distributed taxa (e.g., T\ fenueds, T. inopi-
nus, T erassus, T, sefineili T, oblongalis), which
probably are complexes of species with more restricted
distribution. In about Y| of Thermocyelops laxa the
wvailahle desceriptions are old and incomplete, dala on
the morphology of the cephalothoracic appendages and
surface ornamentation of the natatory legs, ollier than
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leg 4, are missing or incorrect. A series of redeserip-
tional papers (Mirabdullavev and Fiers 2001, Mirabdul-
layev and Ueda 2001, Mirabdullavev 2006), on poorly
known Asian representatives of the genus, recently
starled filling up these maps. Significant inerease in the
number of species can be expected as morphological
criteria used for delimitation of the taxa will be extend-
ed Lo microcharacters of the antennule, mouthparts,
and nalatory legs. Baribwegure and Dumaont (194949,
2000 nnd Baribwegure ¢f ol (2001) eompared the
integrumental pore signature in 8 African and 1 Palae-
aretic Thermocyelops species, Although this ap-
proveh is distinguished by the relatively large number
of characiers wvailable for phvlogenetic unalysis, the
I mmnher of the taxa (8) where the pore paflern is
fully mupped sots limit 1o interpretation of these data
lor the moment, The genus is known as one of the most
eommon and importunt components of the lake plank-
ton in the trapical und temperate belis, yet many of the
spocies sueeesslul in large lnkes are actually curviopie
{IReid 195, and several others, like members of the
sefonedli-group sensu Mirabdullayey and Fiers (2001),
seem to be benthic and oceur in small ponds, puddles,
wiells, coves, shiallow lakes and ricofiolds,

Knowledge of the Austealian eyelopids is still frag-
monlary, Hecent investigations concentrate on (he
woslern and southern parts, the northern and east-
ern tropical reglon have received less atiention {Hu-
lynska and Brown 2008, Morton 1955, 1000, Tait of o/
1954, Timms and Morton 1955). In most evelopld gen-
era u comprehensive taxonomic revision and rigorous
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Figure | Collecting localities of Mrermmoegelops species deeeribed in
thee puper. # - T, operenlifer: © - F preudoperenlifer sp. nov.
A= Terspiap, e, & — T prassiss A - T deetirms & = 17 rytord

phylogenetie analyses are still lacking, what makes
understanding of the history of the Australian fauna
very difficull. A recent analysis (Holynska 2006)
of the evolutionary relationships wilhin Mesoey-
elops (a prevailingly tropical group, and supposed-
Iy close relative of Thermoreyelaps) simuesls mul-
tiple invasions of the continent and close inlerrelation-
ship between the Australinn and South and East Asinn
fauna.

Very little is known of the Thermovyedops taumi of
Australia, only twa specios, T tlecipiens (Kicfer, 1921)
and 7. erassus (Fischer, 1853), have been rieported o
far (Tait of af, 1984, Timms and Morton 185, 00 the
5 Thermocyelops species found in urban environmen|
and here deseribed, 2 are new for seience and 1 is new
for the continent. As Australian representalives of
T decipiens and T, erassis have nover Beson echarnie-
terized in detall, and taxonomy of these lwo widely dls-
tributed tuxa is not fully undorstood. both speeles wre
deseribed and illustrated in the article. Greal resen-
blanee of one of the new Austenlinn speeies o', aprees
culifer (Kiefer, 1930), which is known from soveral yul
not fully congruent descriptions, made emendation of
the diagnosis of this latter taxon necessary Lo,

MATERIAL AND METHODS

Locality data are given al the deseriplions of the
particular specles and shown also on the ma oL 1y,
Specimens were observed and mensured in plyeerin,
with bright-field and differential interference contrast
aptics. Drawings were made using a camern lucids
altached to an Olympus BX 50 compound mieroseape,
Telescoping body segments were measured separalely,
The length of pediger 4 was measured as (he distance
between its anteriormost and posleriormosi points,
The width of the third endopodal segment of leg 4, the
genital double-somite, and the cephalothorax wore
measured across their widest parts,

Abbreviations: P1-P4 - swimming leg 1 to leg 4;
exp — exopodite; enp — endopodite;

SMNK - Staatliches Museum fir Naturkunde Karl-

sruhe;
MIZ — Museum and [nstitute of Zoology PAS, War-
Saw,
TAXONOMY

Thermoeyelops erucis sp. nov.

Type material. Holoype (2, T-76, Stugpole/
Claude, 30 Jan. 1999, serviee manhole) and two
paratypes (5 7, T-8S, Laraw/Albert, 21 Jan. 153, sepv-
ice manhole) from Townsville (19°16'S, 146°%4 0 E)
Qieensland, Australia. The holotype and one paratype
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are deposited in the Queensland Museum, Brisbane,
one paralype (MIZ60426) is placed at the Museum and
Institule of Zoology, Warsaw. All specimens are dis-
sected and mounted on two slides each,

Etymology. The species is named after the South-
ern Cross, the most famous constellation of the Aus-
tralisn starry sky,

DHagnosis (female)y. Therimocyelops crucis dil-
fers from ils congeners in the [ollowing combination of
characlers: couplers of -4 bearing spiny distal pro-
tuberances; couplers caudally spinulose on P2-P4;
antennule shorl, 17-sepmented, hyaline membrane on
lerminal seFment proximally not extending beyond
implantation of medial seta of segment 17, second
endopodal segment of antenna armed with 8 setae;
genital double-somite and succeeding lwo urosomiles
wilh Lransverse ridges: genilal double-somite aboul as
lomg ns wide; anal opercutum weakly developed; candul
romus clongale, 4.0-4.7 times as long as wide, medil
mavrggin without hadrs; medialmost lerminal caudal seta
shorl, 1.2-1.3 times as long as lateralmost termingd
el seln; no spinules at implantation of laleral and
literalmost terminal caudal setae; medial expansion of
basipodite of 1 with proximal spinules and distal
hairs, those on P2-P4 with spinules: medial spine of P1
basipodite nol reaching distal margin of seeond
endopodal segment, without longer setules on proximal
hall; apical spines of PAenpd subequal.

Deseription. Female. Body slender (Fige 34),
lenglh 765-850 pm (765 pm in holotype); cephalothorax
width/menital double-somite width: 2.5-2.4.

Pediger & (Figs 5D, 6D} with tiny spinules on lal-
erodorsal surlfnee, two medial and two posteriolateral
halr-sensilln on dorsal surface; posteriolatersl angle
slightly protruding. Doresally open pseudosomile pres-
ent between pediger 5 and genital double-somite, Gen-
ital double-somite (Flg. 50 about as long as wide, or-
namented with ridges formed by confluent cuticular
pits. Ridges transverse and parallel on posterior part
of genital double-somite and succeeding two uroso-
mites, vel medially aseendant in region of seminal re-
ceptacle. Laleral arms of seminal receplacle wide and
short, slightly curving backward, Posterior margin of
anal somite with few (55 in holotyvpe) robust spinules
on veniral surface, and with fine medial spinules on
dorsal surface (Fig. GE}. Anal operculum (Fig. GE)
weiakly developed, without teeth. Caudal ramus (Fig
GE} 4.1-4.7 (4.1 in holetype) times as long as wide,
without hairs on medial margin. No spinules at implan-
tubion of laleral and lateralmost terminal eaudal setae,
Relalive length of terminal caudal setae from medial-
mosl Lo luleralmost: 1.2-1.8; 4.5-4.5; 4.0-4.2; 1.0, Dorsal
eaudal seta (Fig. 6E) shorter than lateralmost terminal
seia; 1ip of inner median terminal eaudal setu straight,
sela (LE—0.5 (.78 in holotype) times as long as urosome
(e, AL

|

Antennule {7-segmented (Fig 3B, O), reaching pos-
terior margin of cephalothorax to middle of pediger 2,
In holotype. artleulation between segmenls 5 and 6
incomplete, suture line missing on anterior surface.
Armature formula as common in genus: 8, 4, 2, 6, 4,
V4sping, 2, 1. 1, 0, 1, 14+aesthefase, 0, 1, 2, 2+80s-
thetase, 7+aesthetase, Last two antennular segmenls
(Fig 40y bearing hyaline membeane, thal on segmenl
17 extending only to implantation of medial seta, with-
ot noteh. Aesthelases on segments 12 and 16 reaching
distal margin of segment 11 and 17, respectively, Lider-
ul (shorler) sela on segment 15 velalively long (P,
30, reaching well hevond hall of segment 16, Anlen-
nule adorped with cuticolar pits on posterior surlfiee,
and spinules on anterior surface of firsl segmenl.

Antenna (Fig, 300 aemed with 3 seloe on eogobasls
aned 1, 8 7 setae on endopodal segments =3, rospec-
Hvely, Exopodite seta ronching beyond distal margin
af third endopodal segment, Candal ornmmentalion of
eoxobasis (e S3D) complex, composed ol {pansverso
row of Uny spinules along solure line hedween
basipodite and coxopodile, long spinules on laleeal
margin newr buse, group nest o former spnules, tny
spinules arranged inowivy lne prosimally o longi-
tudinal pow of longer sploules, Teld of oy spinules
neur implantalion of medial setae, obligue feld proxi-
mally Lo furmer group, and few small splonles on medi-
al murgin near base. Short abligue row aboul hall of
sepment next o medial margin sometimes presenl,
Spinule pattern on frontal surfaee of coxobasis (Fig
40y vomposed of few long spinules arvanged inoeow or
group in proximal half of segment near laleral margin,
and transverse row of tiny spinules proximal to former
group.

Lateral protuberances of labrum with small leelb
{Fig. 4F), Paragnath (Fig. 4F) with 4 large dorsal leelh
{setae) perpendicular to paragnath axis, 2 longiludinal
rows of long hairs on ventral surface, those nearer the
medial margin shortee, row ol dorsal spinules me-
diodistally, and group of long hairs on mediodistal lobe.
Mandible (Fig. 4E) with palp beariog bwo long and one
short selae, no spinule ornamentalion near palp, Max-
illule (Fig. 4C) with 11 elements on arthrite, palp with
4 apical and 1 proximal setae, lateral lobe of palp wilh
4 setae; no ornamentation on palp discerned. baxilla
(Fig. 4B) with syneoxopodite (praecoxal-coxal sulure
present on caudal surface), basipodile and Iwo-seg-
mented endopodite. Armature formula; 5 (syneox-
opodite with three endiles, 2, 1 and 2 selae each), 2, 2
2. Longitudinal field of 2mall spinules presenl on
frontal surface of coxopodite. Maxilliped (Fig. 4A) wilh
svrieoxopodite, basipodite and two-segmented endo-
podite, armature formula 3. 2, 1, 3. Group of large
spinules present on frontal surface of syncoxopodile
at height of proximalmost seta. Basipodile and first
endopodal segment with long spinnles on [ronlal
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surface near medial margine Caudal spinules on
basipodite arranged in 2 groups.

Armadure of swimming legs as in Table 1. Medial
spine of P1 basipodite (Fig. 5A) spiny and robust reach-
ing 173 to 2/ of second endopodal segment. Medial
expansions of P1 basipodiie (Fig. 5A) with medial spin-
ules and hairs, those on P2-P4 (Figs 5B, 6A, B) bearing
only distal spinules on caudal surface. Group of tiny
spinules on candal surfaee of medial expansion of
busipodite present on PO-P4 (Fig. A, B). Couplers of
P1-P4 ({Figs BA; B, BA-L, T, (3) bearing semicircular,
spiny distal profuberances. P2<1' couplers spinulose
on caudal surlace (Figs 513, 6A B In paratype T-55-1
caudal spinules nlso present on 1L but resetricied (o
lefl slde of coupler. P9 and P4 eouplers bearing spin-
ules alse on frontal surface (Fig. 6F, (), P1 eoupler
Teondadly spinulose (Fig, 5A) In 2 of 8 specimens [holo-
tvpe and paralype T-55-1]. Ornamentation of P4 coxe
apodile varies between specimens (Fig, 68, C): Obligue
rewe ol liny spinules joining row along distal margin
presend in helotype, restricled o one side in paratvpe
T-R8-2 (MIZG0426), and absent on coxopodites of both
sides I paralype T-85-1. Group near medial margin
present o pacadypes (g G0), and on coxopodite of

as long as wide, lerminal spines subequal, medial spine
720075 Himes as long as gegment. Segmentation wod
sedation of Ph(Fig 6D) tvpleal of genus, relative lengh
of medinl apine, upieal and lateral setae, 1.96:1.04:1.0
Chedoly ey,

Males unknown.

Comments. 'or discussion of tukonomical relation-
ships of 1\ erucis see deseription of 1. psendoper-
eelifor,

Thermoreyelops operculifer (Kiefer, 1930)

Mespegefops (Thermoegelups) operewd ffer Kaefer, 1900 1RT-180
iges B=111

Tupe material. Holotype*: “Mesocielops oper-
culifer © n. sp. Kiefer 10,11.29; Lombok Separe Anak
Exp, Renseh” SMNK: 1255 (A1-P4) SMNIG 1256 (uro-
some), re-mounted in glyeerin,

* There is no direc! indicalion on (he slides thai this
specimen was designated by Kieler as holotype, never-
theless il is the only specimen of Thermocyelops
apereidifer deposited in the Kiefer-Collection (Franke
1988, and its collecting data Mully agree with those pro-
vided in the original deseription.

Eramined material. Indonesia, Sulawesi, 45 km
SEE Palu, Salua village 17158, 119°57'E, 1. & M. Holyn-
shi 16 May 1989: roadside diteh A", 4 §%, 8 24
(MIZ60427-433); puddles, 1 5 (MIZG0434),

{Hagnosis, female (emended). Couplers of P1-P4
bearing spiny distal protuberanees; ecaudal surfaee of

PZ-P4 eouplers spinulose. Antennule 17-segmoented,
reaching middic to distal margin of pediger 2; hyaline
membrane on terminal segment proximally nol exlend-
ing bevond implantation of medinl sela of segment 17,
Second endopodal 2epment of anlenna armed with & op
9 setae. Genital double-somite nhout as long as wide,
with ridges medinlly ascendant in region of seminal
receptacte. Two oval fields of small shallow eutieular
pits near copulatory pore. Lateral arms of seminal
receptacle elongate, curved backward. Anal operenlum
strongly developed, semiviveular, without teeth, Caudal
ramus A4 1 limes ns long as wide, wilhoul medinl
hairs. OF termingl caudal seloe, medialmost L5-1.5
times as long as lnterslmost; longest lerminal soly
L5100 limes a5 long as urosome; no spinules al jin-
plantation of lateral and lateralmost terminal enndal
setae, Medial expunsion of hasipodites of PL-1S with
apical hadrs, that of P4 bearing apleal spinules, Modial
spine on P basipodite aot reaching distal margin of
second endopodal sepmont, with longer selules on
proximal hall. OF apical spines of Pdenpd medind one
L7201 times as long as laloral,

ftedeseription. Female, Hody lenglh 770-510
[hedotype e, SO0 pm, measured by Klofor (19301]; ce-
phutdothorae width/genital doublo-somile wicll: 2.2-2 4
(Sulivwesi),

Pediger 5 withoul ornamentiation in helodyvpe, oy
lnteral spinules present in one (MIZ60429) of lour spee-
imens from Sulawesi. Two medial and two posleriolal-
eral halrsenstlla present on dorsal surface; posterio-
ltteral ungle aeate. Genital double-somite (Fig, TA, D)
as long a8 wide or slightly shorter. Urosomiles orna-
mented with consplewous ridges discernitble even al
low magnification, and seatlered cuticular pits, Ridges
transverse and parallel on posterior part of genital
double-somite and suceeeding two urosomiles, but me-
dially sascendant in region of seminal receptacle, Small
shallow cuticular pits arvanged o two oval lields near
copulatory pore (Fig. TA, ). Laleral arms of seminal
receptacle (Fig. 710 clongale, curved backward. Poste-
rior margin of anal somite with many large spinules on
veniral surface (Fig. 7C), and with line medial spinules
on dorsal surface (Fig. 7B, E)Y. Anal operculum (Fig. 71,
E) strongly developed. semicireular, and withoul leeth,

Tahle 1, Armature of eg 1—4 in Thermteedops ere speaov, Splies

are denoted by Homen setue by Arahic nomersils, The armatare on e

lateral margin of anv segment 8 oiven fest, Gllowed by o olemen s
om the apical ol medinl murgios:

Coxa | Basie | Exopodite | Endopodite
lLeg1 ©1 | 1 111y 22 | 015 042 140,143
lLeg2| o -0 17 T 18 041 025 141,123
[Leg3| 041 1-0 R L3 01 0425 14,143
[eg4| 04 1 RIS | 0102 1012 |




Caudal ramus (Fig. TE) 5.5-4.1 times as long as wide
(Sulawesi), withoul hairs on medial margin, As a re-
sull of long-term eonservalion, rami somewhat flat-
lened in the holotvpe; in the original deseription the
length! width proportion is referred to as ‘more than &7,
No spinnles al implantation of lateral and lateral-
mos! lerminal candal setae, Relative length of terminal
caudal setae from medinlmost (o lateralmost: 1.5-1.5;
a6 4.5<50; 1.0 [1.5, 53, 4.5; L0 in holoiype].
Borsal and lnteralmost termingl seta subeqgual (Fig.
T, By dip of longest (inner median) terminal caudal
geta (Fig, 7A) steaight, sein 0.8-1.0 times as long as
U RO,

Anlennule (Wl SA-TH 17-segmented, reaching mid-
il o elisdal margin of pediger 2, Armatore as in 7Lerie-
ein, Two terminal segments (Fig. 5D) with hyaline
membrane, membrane on segment 17 proximadly not
extending bevond implantation of medial setw, without
nedel, Aesthelases on segments 12 and 16 reaching
distnd murgin of sepment 14 wnd 17, respectively (Fig.
B0, Laternl et on segment 15 (Fig SD) relatively
levngz, reaching beyond middle of segment 16, Antennule
adorned with colicular pits on posterior surfaee, and
apinules on anterior surfaer of segment 1 Anlenna
wrmed with 3 setne on coxobasis and 1, 8 or 9, and 7
selae on codopodal segments 1-3, respectively (veri-
[ieed on specimens rom Sulawesi), Selae are missing on
e second endopodal segment of the holotype: Trom
pusilion of the setae present and teaee of insertion of
[ lowsl selie, S-selae glale can be inferred. Exopodite
soli pesching beyond distal margin of terminal endopo-
dul sepment. Caudal orpamentation of coxobasis (Fig
9Dy slmilar to T erueds, vel spinules in group next o
lateral spinules neiwr base long (Figs 8E, O, arrowed),
ind addHional group of tiny spinules present at heighl
of exopodile seta, On frontal sueface (Fig, SE), long
spinules arranged in group or row in proximal hall of
segment near laleral marging, and proximally to former
group lransverse row ol spinules present, Transverse
row of fine spinules along presumed border of coxo-
and basipodile of compound segment; spinules also
present along proximal margin of compound segment,

Laleral protuberances of labrum with teeth (Fig,
OE), distal Iringe hairs arranged in group, epistoma
excepl lor shallow culicular pits without ornament,
Faragnailhs (Fig. 8E) like in 7% crucis. Mandible with
palp bearing 2 long and one short setae (verified in
females from Sulawesi), ne ornameniation near palp.
Maxillule (Sulawesi) (Fig. 9C) with armature comnmon
in family, maxillular palp with few small spinules. Max-
illa (Mg, 9A) with syneoxepodite, busipodite, and 2-seg-
menied endopodite; armature formula: 5 (syneox-
opodile with three endites, 2, 1 and 2 setag, respective-
Ivy. 2, 2 8. Byneoxopodite adorned with tiny spinules.
Maxilliped (Fig. 98 with syneoxopodite, basipediie
and two-segmented endopodite, armature formula 3, 2,
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1,8 Group of large spinules present on frontal surlace
of svneoxopodile al heighl of proximalmos! seta: Cau-
dal spinules on basipodile arranged in 2 proups,

P1-P4 (Fig. 10A-D) 3-segmented, armalure [ormila
as in table 1. Medial spine of P1 basipodite (Fig. 104) ro-
hust, nol peaching distal margin of enp2. Few longer se-
tules present on proximal hall ol spine. Medial expan-
sion of busipodiles of PLI-P3 wilth hairs (Fig, 10A-C),
those of P4 bearing distal spinoles on eawdol surface
(Fig, 10D, Distal protuberances of P1I-P4 couplers (Fig.
1003 rodnded, spinulose, Couplers froptally  bare,
caudally with robust spinules on P2-P4, no ornemen-
tation on 1 coupler, Coudil ornamentalion of P4 eox-
opodite (Fig. 1007 composed of: many (15-25) long thin
spinules along distol margin, spinules arranged ingroup
ar row it Taterodistal angle, row of many small spinales
noar proximal nuwreging aod groups of Uy spinules in lod-
eral purl of segment, P4 enpd (Fig (00 20-25 2.0 In
holotype| times a8 long as wide, of apieal splnes medinl
one 1L7=2.1 times us long as foteenl; medial sploe en, ns
long s semnent, Segmentaltion and seladion of PG {17
71 typleal of genus; eelative lengeh of medial spine, api-
el and laternl setne: L5=2.0 1L0=1.4. L0,

Male (Sulawesi; only those chaenelers are men-
toned, which differ from the corresponding stnies in
femande). Body longth H00-640 pm. Pediger § wilhowt
ornamontation (Fig 717 Wide st pore (9g. 717 pres-
et on venteal antorior part of genital somile, Posterior
prgin of anal somite (g, 70 wilth contingeus row of
robust spinules, Candal ramus (Mg, 76} 2007 times
is Jong as wide, spinules present al implantation of ld-
eralmost lerminnd caudal setae. Relative length of Lor-
minal enudal selae from medialmost o bderadmeos):
LG-18; 84-04 5.5-6.5; LIk Tip of longest termin
caudal setd sometimes curved, sela 1L0-1.2 limes as
long as urosome. Dorsal caudal sete 1517 limes as
long as lateralmast terminal seta,

Antennule W-segmented, wilh compound lerminal
segment, armature formula: 85430 aesthetases, 4, 2,
2+gesthelase, 2, 2, 2, 2 14+gpine+acsthetase, 2,2 2
2+aesthetase, 2, 1+aesthelase, |5, 7T+aesthelasc).
Plate-like structures (1 large on segmenl 14, and 2
smaller on segmenl 15) and short conical elements
{ome on segment 14 and 15 each) at distal geniculalion,
Second endopodal segment of antenna armed wilh 6
setpe, Uaudal ornamentation of P4 coxopodite (Fig,
1100 reduced in comparison to thal in female; number
of spinules in row along distal margin less, spinules on
lateral part missing or few. Pdenpd (Fig. 1100 2,427
times as long as wide, of apical spines medial one
1.5-1.7 times us long as lateral, medial spine slightly
shorter than segment. Relative length of medial spine,
apical and lateral selae of P5 (Fig. 71 La-1.4, 140, 1.4,
Ph flaps with spinules in paltern shown in Fig. 71,
Lengih proportion of PG setae from medialmost lo 1al-
eralmost; 0,650,746, (,32-0.38, 1.0,
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Comments. For discussion of taxonomical relation-
ships of 7\ operculifer see description of T, pseudo-
perenlifer,

Thermoeyelops pseudoperculifer sp. nov.

Type material. Holotype (5) and 1 paratype (9)
collecled in Porl Douglas (16°258'S, 145°28°E) Queens-
land, Australia, 4 Mar, 1999, PD-14, Nauotilus/Mitre St
serviee manhole. Helolype is deposited in Queensland
Museum, Brisbane, paratype (MIZ60435) 1s placed al
Museum and Institute of Zoology, Warsaw, Types are
dissecied and mounted on two slides ench,

Efymology. Specilic name relers o the resem-
Manee of the species (o Thermaoeyelogs aperealifer.

Diagnosts (female). Couplers of P1-P4 bearing
spiny dislal produberances; coudal surface of 2214
eouplors spinulose. Antennule 17-sermented, reaching
e o distal margin of pediger 2; hvaline membrane
o derminal segment proximally not extending hevond
implantalion of medinl seta of segment 17, Second
entopodal segment of antenna armed with 5 or D sotae,
Gienital double-somite about as long as wide, with fine
hardly discernible transverse vidges. Two oval felds of
sl eutleular pits absent near copuladory pore. Later-
ul arms of seminal receptacle elongate, curved back-
wiwed, Anal operenlum quadrangular, without teeth,
Candal munuos 3.3-3.4 times as long as wide, no medial
hadrs, OF termingl eaudal setue, medialmosi 1.1-1.2
limes as long as lateralmost; longest terminal seta 0.7
limes as long as urosome, no spinules at implantation
of laleral and lateralmost erminal caudal setpe, Medl-
al expansion of basipodites of P1-P3 with apical hairs,
those of P4 bearing tiny apieal spinules. Medial spine
on P1 basipodite nol reaching distal margin of second
endopodal sepment, wilh longer setules on proximal
half, O apical spines of P4enpll medial one 1.4 times as
long as lateral,

Deseription. Female. Body length S60-810 pm:
eephalothorax width/genital double-somite width: 2.4,

Pediger 5 (Fig. 121}, E) without lateral hairs ar spin-
ules; wo medial and {wo posteriolaieral hair-zensilla
present on dorsal surlace, posieriolateral angle scule,
Genital double-somite (Fig. 12E) as long as wide.
Transverse ridges on genital double-somite and sue-
ceeding itwo urosomites hardly discernible, Oval fields
of euticular pits absent near copulatory pore. Lateral
arms of seminal receptacle elongale, curved backward.
Yenlral posterior margin of anal somite with intermit-
tent row of spinules, medial spinules (7) larger than
more laleral ones (8 or 9). Spinules fine and small
on dorsal surlace, and absent laterally (Fig. 120). Anal
operculum (g, 12C) nol se sirongly developed as in
T, opereulifer, quadrangular, without teeth. Cauy-
dal ramus (Fig. 12B, C) 3.3-34 times as long as
wide, without hairs on medial margin. No spinules at

implantation of lateral and lateralmost terminal cau-
dal setae. Helalive length of terminal caudal setae
from medialmost to lateralmost: 1.1-1.2; 4.7-4.5:
4.5-3.9, 1.0. Dorsal candal sela aboul 0.8 limes as long
as laleralmost terminal caudal seta; tip of longest
{inner median) terminal caudal seta straight (hololype)
or slightly curved (paralype). seta 0.7 times as long as
Urosnme.

Antennule 1\ 7-sepmented, reaching middle (o distal
margin of pediger 2, Armuature as in T erseds. Segr-
ments 1617 (Fig. 138) with hyaline membrane, mem-
brane on segment 17 proximally not extending beyond
implantation of medind seta, without nodeh. Aesihelase
on segment 12 reaching distal margin of segment 14,
aesthetase on segment 18 (Fig. 133 extending to disial
margin of segment 17 or slighlly shorter. Lateral solu
o sepment 15 (Fig. BB roaching beyond middle of
sepgment T Antennule adorned with euliculnr pils on
posterior surface of more proximal segments (1, 2, 4, 5
wnd spinules on anterior surfnce of segment 1. Anten-
naarmed with 3 setae on coxobasis and 1, S or 9 (9 in
holotype), and 7 setac on endopodal segmenls 1-3,
respectively, Number of setae on sceond ondopodal
segment differs on the antenoae of lelt and righl side in
paratype, Exopodite seta reaching beyond distal me-
min of terminal endopodal segment, Coodal ormnament-
tion of coxobusis similar to that of 70 aperewdifor, hul
spinules in group next to lateral spinules near base
smaller (Fig. 18A, arrowed), Tiny spinules al heighl of
exopodite seta present in holotype, bul probably
absent in paratype (Fig. 13A). Frontul surlace of
coxobasis (Fig. 13D) bearing group of long spinules
near lateral margin, small spinules proximally to lor-
mer group, and transverse row of [ine spinules; spin-
ules also present along proximal margin of compound
segment.

Lateral protuberances of labrum with leeth (Fig.
13C). Execept for long distal fringe hairs arranged in
twao groups, and 2-3 medial teeth in between, no othey
ornamentalion on ventral surface of labrum, epistoma
bare. Structure of paragnaths as In 77 eraeds, Mandible
(Fig. 144} with palp bearing two long and one shorl
setae, no ornamentation near palp. Setation of maxil-
lule (Fig. 13E) as in T" erweis, maxillular palp wilh tiny
spinules. Maxilla (Fig. 14C) with syneoxopaodile {ar-
ticulation between precoxopodite and coxopodile
retained on eaudal surface), basipadite, and 2-seg-
mented endopodite; armature formula: 5 (synecox-
opodite with three endites, 2, 1 and 2 setac, respective-
¥, 2, 2 4. Frontal surface ornamentaiion of syneox-
opodite could not be verified. Maxilliped (Fig. 148) with
syneoxopodite, basipodite and two-sepmented endopo-
dite, armature formula 3, 2, 1, 3. Group of large spin-
ules present on frontal surface of svneoxopodile al
height of proximalmost seta. Caudal spinules on basi-
podite arranged in 2 groups.

{
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P1-P4 S-segmenied, armature formula as in table 1.
Medial spine of F1 (Fig. 14D) basipodite robust, not
reaching distal margin of enp2. Few longer selules
present on proximal half of spine. Medial expansion of
basipodites of P1-P3 with hairs, those of P4 (Fig. 14E)
bearing tiny distal spinules on caudal surface. Distal
protuberances of P1-P4 couplers rounded. spinulose,
Couplers frontally bare, caudally with robusi spinules
on P2-1'4, no ernamentation on P1 coupler. P4 coxo-
podite (Fig, 14E) eaudally adorned with many (15-20)
spintles nlong dislal margin, oblique row at laterodis-
lal angle, and row of tiny spinules near proximal mar-
giny no spinules in lateral part. Plenpd (Fig. 14E)
224 times as long s wide, of apical spines medial
one 1.4 limes as long as Interal, medial spine ea. 0.8
[imes s long ns sepment. Segmentation and setation of
Fa (Fig 125) typieal of genus; relutive length of medial
sping, npleal and lnleral sotne (holotype): 14:1.8:1.0,

Comimaents. Mirnbdullayvey and Fiers (2001) delim-
bed o large species group, often referred Lo oas
‘sefoedfi-proup’, by the spinulose ornamentation of P4
voupler, shorl genital double-somite, relatively small
differcenee in the length of the medind and laders) spical
apines of Pdenpd (mediallaternl < 2), and the relalive-
ly sherd medialmost terminad candal seta. The group so
defined, [neluded taxa from Afriea and Madoagnsear
['F, et if (Poppe ot Mrazek), T owaedaned Van de
Volde, 1) fasfalus Kieler, 1% ofzarae (Fryer), T ere-
perefertues Brehm], Weslern Asin [T Heetus Lindberg],
Soulh and Eust Asin |7 marrmagoensis (Sewell),
T oecansprietns (Lindberg), T oorientalis Dussart and
Fernando, % dandfeinus (Harada), T bawamral
(Kikuehip, 77 wenod 1G], the Indo-West Pacilic region
[ wprerendifer (Kieler)y, T. philippinensis (Marsh)],
and one Buropean species [rom a cave in Jugoslavia
I'F dhalmeadicus Petkovskd], Thermnacyelops dumon-
tf, described by Baribwegure and Mirabdulluyev from
soulhern China (Yunnan) in 2003, has been affilialed
lo this group as well, Both new species, T2 erueis and

T psendopercalifer, show the character combina-
tion diagnosiic of the ‘sefamedfi-group’, yet their rela-
tionships to other taxa still remain problemalie. A mo-
nograph recently published on the World fauna (Mira-
hdullavey ef ¢f. 2008) has greatly improved our under-
standing of the taxonemy of the genus, nevertheless
recognition of natural groups is slill hampered by the
incomplete deseriptions of many Thermaocyelops lnxa,

There are also problems with the group erileria pro-
posed by Mirabdullayey and Fiers (2001). Nol all spe-
vies listed above have the whole set of the distinguish-
ing characters of the sefoneili-gronp: P4 coupler is
pilose tn 10 sefeneddd and T everedatees, and barce in
T, dalmaticus and T owdzaroe (Mirnbdullivey ef ad,
2003, Holynska 2006). On the olher hand, T\ andillen-
sis Horbst [Antilles], showing also i of 4 fealures of the
seftrneifdi-proup, was nol mentioned by he aulhors as
a member of the group, Frequenl oceoareence of the
short medinlmost (Inner} lerminal caudal seta {ehar,
A) nndd slight difference In the length of the apleal
spines of Pdenpd (ehar. By mnong specios (hat do not
belong to the ‘sefipeifi-group’ and highly differ n ol
zoogeographie disteibution and morphology, may Tndi-
cale thal both charweters nre ancosteal in The v -
edops, [ehar, A present ln: T fioofd Lolller — Kenya,
T parvus Reld = Florida, T2 meinetus (Lowndes) -
South Americn, T fnapinns (Kiefery = Alviea, T, ofy-
bepeslodd (Lundé) — Palenretles, 90 pericdegesetosres Lind-
herg = Afriea, T consimilis (Keler) = Alrviea; char, 13
present in: 7% trichophores (Klefer) - Java, 7. hooki
— Kenya, 7% dneersus Klefer - Central and Soulh Amer-
lea, T brebind (Kiefer) - South Ameriea, 7 ly-
boesfid — Palaearcties]). The shorl {length equals Lo
width) genital double-somite is nol a unique fealure of
the sefneifi-group eilher, Lhis charneler stale Is also
present in T0 drichaphoris.

The caudal ornamentation of P1-P4 couplers seems
(o be more helpful in search for the close relalives
of the new Australian Thermocyclops taxa, Trom

A B C D
P1 |

PE'—_ [ ] B
S

Flimiee 2. Coudal surlpee ornamentation patierns of the couplers of P1-T4Y observed in some Thermocyedops species: while — ao ernunentallon, groy
— hud s present, Wiaek - spinnles present; PE=P4: patatorial legs (=8 (A} T dybaneshdis (81 T erasses, T orgdoed (Austealin, Uzbekistany, (0} T orgplael
(1 sbieldstun): (D) T2 fastafus, T anfiflensis; (B) T decipifens; (F) T opprrewdifergroup; (0 T finetue, T eecammaeread, (HY 1 ooz,
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distribution ol (he surface ornamentstion characteps
among the serially homologous structures in Afesaciy-
clops, it could be inferred that presence of hairs/spin-
ules on the homologous segments of particular legs are
nol independent (raits, they ogether constitute a unit
(Holytiska 2006): if, for instance, P2 coupler is orna-
mented, ihe couplers of P23 and P4 are ornamented (oo,
This same holds in Thermoeycliops (Fig, 2) as long us
presence of orpamentation of any kind on P1-P4 eou-
plers, disregarding its appearance (hairs or spinules),
fs comeerned. As (o the types of the ornamentation,
Helr padierns on the legs observed in different Ther-
rrecicglops species (Pl 2) indiente that there are on-
Iy two blocks, P4 and P1-P8, whose ormamentation
(hairs or spinules) are independent from each other: if
spinules or hairs appear on P1coupler, couplers of P2
and 1% are spinulose or hairy 1o, vel when P4 coupler
i# spinulose, P4 coupler can be pither spinulose or
pilose. A smaller group, comprising 7' crucis, T) psew-
dupereatifer, 1. aperewlifer (Lombok, Sulwwesl) and
10owerwod apan: Kyushu, Tomogashima lslandy are
defined here by three characiers; (1) eaudal surfacee
orinentition present on P24 and absent on 1 eou-
pler, (23 ornmmentalion of P2-p3 couplers spinulose;
and () ormanentation of P4 eoupler spinulose oo, The
aperendifer-gronp may slso include olher taxa from
the Philippines [1. philippinensis], South [T, con-
spriews, T orientalis] and East Asin [T iantlinus,
Lo dmeonti]; nll of them have spinulose P4 coupler,
but surfnee ornamentation of the couplers of P1-P3 is
still unknown in these species. Ouigroup comparisons
anfortunalely do nol help in unambiguous polarization
of the eharacter slates: eouplers (P4) are spinulose in
Megieregretops, they can be spinulose or pilose in Dia-
and Aeanthoeyelops, yel hairy ornamentation ap-
pesrs in Cyeloges and some Mesoeyelops,

Close relationship between T wenod and 7. oper-
ewdifer has already been referred 1o by Mirabdulla-
yov and Ueda (2001), Theermoeyelops wenoi ean be
distingushed [rom other members of the cpereuwdifer-
group by the medially pilose caudal ramus. Thermocy-
elops erucis differs in having subequal apical spines
i the third endopodal segment of P4, and apical
spinules on the medial cxpansion of P2-P3 hasipodites
fhairs present on P2-P8 basipodites in 7 wenod
T opercalifer and 1. psewdoperculifer), Thermeocy-
elups eperculifer and T, pseudopereulifer share the
robusl medial spine of P1 basipodite with long setules
on proximal hall, Yhermoeyelops psesdoperculifer
differs fromn 7. operewlifer in: anal operculum is less
developed und rectangular (strong and semicireular in
T. operculifer); transverse ridges on the urosomiles
are hardly discernible (conspicuous in T opereutifer):
wo oval lields of small shallow euticular pits near eop-
ulalory pore, presenl in 77 operculifer, are absent:
medialmost and lnleralmost terminal caudal selae are

subequal (medialmost seta 1.5-1.5 times as long as lal-
eralmost in 7. opercalifery; of the apical spines of
Pdenpd, medial one is 1.4 times as long as laleral (med-
ial 1.7-2.1 times as long as lateral in T\ opereafifer).
Thermocyelops operculifer' lrom Gilbert [slands
{Lindberg 1934), provided that Lindberg's illusira-
tions ure correct, differs form both 72 apereatifer and
T psewdopercudifer in hairy ornamentation of (he
medial expansion of the P4 basipodite, and coneave lal-
eral rim of the anal operculum. Thermocyefops oper-
culifer aberrans, described from the shallow Lake
sap in Cambodia (Lindberg 1952, also has o com-
bination of characters thal does nod fil thoese either
in 7 operculifer or in T, psewdopereatifer (body
fength: G30-655 pm; medinlmost lerminal enudal seta
L1 times as long as lnteralmost seta lonpgest torminad
caudal seta G2-6.3 tmes as long aa lteralmost Lerml-
nal caudal sota; anul opereulum somicivenlor, but nol
so strongly developed as in 70 operenlifer; modial api-
eal spine on Pdenpd 16 times as long as lalerad i),
Mustrations of 10 operealifer oceurving in Juvi,
(Defwye of al 1957) and North Vietnam (Mirabdullayey
el el 20008) show forms that resemble 7 el -
enlifer rather than T2 opercalifer, The two Tomales of
o psewdopereulifer availablo [rom Creensiand, do
noballow o estimate the inlraspecific varinlion of somo
disgmostic morphometrie traits (relative length of the
longest termingl caudal seta, body lenglh, lenglh eatio
of the apical spines of Pdenpd), wnd further invieslign-
tons may reveal T° psewdoperentifer Lo be conspecil-
e with Thermocyelops opercalifer aberrans and Lo
Javanese and Vietnamese lorms, Nonetheless, it is bet-
ter to deseribe Thermovyelops [rom Porl Douglas as
u new species in detndl, than sink 1 in the e of
a poorly known taxon, T opercudifer aberrans,

Thermocyclops rylovd (Smirnov, 1995)

Aesveypelops rplori Smirnoy, L925: 17-21; Smirpoy U2 15-42, Figs
1=00 Mesegiclops (hiermoeielops) fyloed; Kielor 19200 55
Thermoeyelaps rplos: Kiefer 1975 918214, Fle 024 Mivabdul-
Lavesr of ad D0 2608271 Fig, (27

hermseyelons negloctus prodatis Kleter, 1052 71, Fles 546, 58, 34,
Table VL X —synomymlzed by Mirabdullaves of al 200,

Malerial examined. Australia, Queensland, Clon-
curry 20°42°S, 40°30°E, CL-64, Searr/King 5t pit, 23
Feb. 1899, 3 £ 7 (2 ¥ 2, MIZ60436-437, dissceled:
12, MIZ60438, in aleohol). Uzbekistan, fishpond near
Qarshi 35°43'N 65°40°E, [ Mirabdullayey Jun. 1989,
5% %.1d (MIZ60439-144),

Deseription. Female (Australia) (Fig. 15A). Body
length 530 pm; cephalothorax width/genital double-
somite width: 2.5.

Pediger 5 (Fig. 15B-D) with lateral hairs, and simall
spinules on lateroveniral surface; Two medial and two

LiY
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posteriolateral hair-sensilla, and one median and two
anteriolateral pores on dorsal surface. Genital double-
somite (Fig. 160:) 1.1-1.2 {imes as long as wide, with
(ransverse ridges lormed by eonfluent eutienlar pits
presenl also on suceeeding two urosomites. Lateral
arms of seminal receplacle slighily curving backwards.
Ventral posterior margin of anal somite (Fig. 15E) with
lew larger spinules medially and tiny spinules lateral-
Iy Spinules fine and small on dorsal surfaee (Fig. 1517,
Anal operculum (Fig. 157 without teeth, Caudal ramus
(Fig 1505, F) 3.4-84.0 times as long as wide, adorned
with spinules, yed no medial huirs. No spinules at im-
plantation of laderal and lateralmost terminal caudal
selao. Helative length of terminal eaudal setae from
medindmost 1o laderalmost; 2045 4.05-0.05; S8-5.49, 1.0,
Porsal coudnl seta 1.0-1.1 times as long as lateralmost
ferminnd epudid seta; tip of longest lerminal candal
golie siraiehl or sliphtly curved, seta 007 limes as long
TCTUERTTE

Antenoule renehing middle of pediger 2, with arma-
fupe same ns in olher Shermoegelops species de-
seribed above, Aesthelase on sepment 12 (Fig 170)
renchimg distal ') to distal margin of segment 14, (hat
on sepment 16 (Fig, 170) reaching distal /) of segment
17, Hyaline membrane on terminal segment (Fig, 176G)
proximably nol extending beyond insertion of medisl
ged, withoul notehes, Lateral seta on sepment 15 (Fig
170, ) reaching slightly bevond holf of segment 16
Anlennule with euticular pits on posterior surface of
more proximal segments (1, 2, 4), and short row of
spinules on anterior surfuee of segment 1. Antenna
(i, 16A) armed wilh B setae on coxobasis and 1, 9 and
7 selne on endopodal segments 1-3, respectively.
Exopodite seta reaching bovond distal margin of termi-
nal endopodal segment. Caudal ornamentation of
poxobasis (Fig. 16A}: robust spinules in longitudinal
and oblique rows near lateral margin: group of tiny
spinules between oblique and longitudinal rows (eomn-
mon in Thermocyelops), absenl here; small spinules
nowr Implantadion of medial setae; oblique field proxi-
mally Lo insertion of medial setae, pext 1o medial mar-
gin; few spinules in row proximal to oblique feld; and
few spinules on medial margin near base. Frontal sur-
face of coxobasis (Fig. 16C) adorned with 10 spinules
arranged in longitudinal row in proximal hall of seg-
ment near laleral margin, (ransverse row of tiny spin-
ules proximal Lo former group; few tiny Jateral spinules
near insertion of exopodite seta; and short median row
neir base of sepment. Armature of mouthparts (Figs
1GD, 17A, B) as in other Thermoreyclops species de-
seribed phove. No spinule ornamentation near palp of
mandible (Fig 160, Maxillular palp (Fig, 16D} and
fromial surface of maxillar syneoxopodite (Fig, 17A)
bearing small spinules, Syvneoxopodite of maxilliped
{(Fig. 178) with group of large spinules at height of
insertion proximalmost seta, small spinules lalerally to
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former group, and tiny spinules distally lo insertion of
median seta of scgmaenl,

Armature of swimming legs as in lable | Medial
spine of P1 (Fig. 15A) basipodile spinulose and
reaching distel margin of second endopodal segmenl,
Medial expansion of P1=P3 (Fig. 184, (0, [} basipodile
with hairs, those of P4 (Fig. (88) with dislal spinules
on eaudal surface, P1=-P4 couplers (Fig. 183-1) bear-
ing semicircular, spiny distal proluberances, Low dis-
tal protuberances of P4 coupler (Figs 1717 188) wilh
few (3—4) congplevously large teelh. Caudal ornamen-

tation: coupler pilose on P4, and bare on P1-P58; frontal |

ornamentition: couplers pilese on P1=P2 or PI=P3, and
bare on P4, Candal ornamentation of P4 oeoxopodite
i(Fi 181) composed oft O robust spinules along distal
murgin, obligue row al lalerodistal angle, medion row
of robust spinules near proximal margin, and Lrans-
verse rows in proximolateral paret of segmont, Penpi
i(Figr. 1587 relalively long, 3.0-3.4 tmes ns long a8 wide,
of apienl spines medial one 1.7-1.5 Umes as long as lal-
cral, modial spine ea, 08 Hmes as long as segment,
sermentation and setatton of PHFig 150 typieal of
genus; relative length of medind spine, aplead and bidoe-
al setae: 2.5-2.7 L7-2.4; 1.0,

Comremtends, smirnoy described 0 egifoed rom Lhe
Cancnsus (Thilisl, Makhachkala) In 1925, vol o lader
tierman version (19287 of the original description is
most offen referred 1o in the laxonomic lleralure,
Uecnrrence of this species was reported oo from Coen-
tral Asia (Mirabdullayev and Kuzmelov 1Y, Mirabdul-
lavev ef af. 2008), Iran (Lindberg (986, 1942), Al
ghanistan (Lindberg 19549), Pakistan (Delaye ! ol
18571, India (Lindherg 1935, Delaye ¢f af. 1957), and
Thailand (Mirabdullayev of ed, 20088}, Mirabdullayey &/
af. (2008} established the syvnonymy ol T neglectios
profatus Kieler, 1952 with ) rprdard, so disteibutional
area of the latter taxon extends as far as Bast Alrlea
(Uganda, and Ethiopia}). The species can be encoun-
tered in ponds, puddles, wells, cislerns, and muddy
ereeks (Lindberg 18942). Numerous observalions on lhe
biotopes of 7° rgdovd in Central Asia (Mirabdullayey ef
eel, 2008) wnd Iran (Lindberg 1942) indicate greal salin-
ity tolerance of T rgfovi, a biological trail shaved by
many freshwaler copepods (Pinder ef af, 2005) thal
can facilitate rapge exlension into arid/semiarid
regions. and might also be a precondition of living in
ephemeral walers, Finding of 7. ryfovi in a relatively
dry inland locality in North Queensland is the Tirsl
record of the species in Australia.

Comparison of the specimens [ound in Australia
and Uzhekistan revealed differences in the [eatures of
the distal protuberances of P4 coupler and eaudal
orpamentation of the antennal coxobasis. The dis-
tal protuberances of P4 coupler are lower., bearing
few eonspicuously large spinules in the Cueensland
specimens (Figs 1T, 18B vs. Fig. 170, E). Lindberg's
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observalions on Iranian populationz (1942) hewever
showed both the height of the protuberances and num-
ber and size of the spinules on the protuberances as
iniraspecifically highly variable characiers. The spin-
ule patlern on eaudal surface of the antennal coxoba-
sig in lwo dissected Queensland females differ from
those in the specimens [rom Uzbekistan in the pres-
enee of a group of small spinules near the implantistion
of medial setae, and in the absence of the tiny spinules
belween the obligue and longiludinal rows of robusi
spinules (Fig, 16A ve. i 168, arrowed), Unfortonate-
Iy no data are available on these charaeters in other
Aslan populations of 72 ryfori, Taking into considera-
e the morphological plasticity of the species doeu-
mented in some fewlures, and concordanes of other
charactors in the Austealinn and Uzbekistan speci-
mens, the dilferences in the antennal eoxobasis orna-
mentation are pssumed here (o be non-diggnostic,

Thermoeyclops erassus (Fischer, 15589)

Cgetopy erassus Fireler, 1858 2000, LU Flg. 200 Mesorgelops
rivekiies Bk LA [ I=1918] B1-aat, 1) AT, Meseorpelops
CHhersde gefops ) crdasas Hylow IR G308, Flg 77, Therma-
ogElope erossest Dussart TG0 S 0-200 Fip 108 Mirabdullaym
o SO 2UG-247 Pl 1

Malerial erxamined. Ausiralin, Queensland,
Townsville 19°16", 146749, 57 Railway Avenue, serv-
jee munhoele, O Feb, 19095, 2 £ 5 (MIZG0445-3446). Indo-
nesin, Borneo, Mahakam Vallev, Sebulu 0°17'8, 116°
oN'E, swamp wlong Mahakam River [2/a], M. and K. Ho-
benski 30 May 19889, 1§ {Author's collection deposited
in MIZ). Hungary, Békés Counly, Szarvas 46°52'N,
20°88°E, Fisheries Research [nstitute (HAKID), ‘Belso
Telep’ fispond B-6, M. Holyfiska 29 May 1992, 1 § (Au-
lhor's collecltion deposiled in MIZ), Belginm, Hamme
BIMOE' N (M*0S'E, A Capart 1945, 1 7 (Author's eollee-
lion deposiied in MIZ).

Deseription. Female (Australia). Body lengh
S00=870 pm; eephalothorax widih/genital double-
somite width: 2.5-2.7.

Pediger 5 with small lateral spinules. Genital dou-
ble-somite 1.1-1.2 times as long as wide, without ridees
or culicular pils. Laleral arms of semina! recepiacle
{Fig, 19D} short and wide, perpendicular to body axis.
Venlral posterior margin of anal somite with 5-7 larg
er spinules medially and tiny spinules laterally. Anal
opercudum weakly developed, no teeth. Caudal rami
shorl, 2.2-2.3 times as long as wide, without medial
hairs. No spinules at implantation of lateral and lat-
eralmost terminal eaudal setae. Lateral seta implanted
at distal 143 of eandal ramus. Medialmost and outer
median terminal caudal setae 2.5-3.1 and 3.5-4.1 times
us lony as lateralmoest lerminal eaudal seta, regpective-
Iy [longesi sela {inner median) broken off].

Antennule 17-segmented, armature formulia as In
1. erucis. Hyaline membrane (Fig. 19A) present on bwo
lerminal segments, that on segmenl 17 proximally
extending to implantation of medial sela. Aesthelases
(Fig. 194) on segments 12 and 16 reaching distal
margin of segment 14 and 17, respeclively, Lateral sela
on segment 13 short, not reaching hall of segment
16, Segment 1 adorned with cuticular pils poslerior-
Iy and proxdmal row of spinule on anlerior surlice, no
surface ornomentation on other sepments. Anlonno
{(Fig. 198} bearing 3 setue on coxobasis, and 1, 39, F
setne on endopodal segments 1=3, respoctively, Exopod
setn reaching bevond third endopodal scpment, Choa-
dal ornamentation pattern of coxobasis (Flg, 198) sim-
Har to those in other Therweoeyelops species, yol spin-
ules very small. With exception of oblinue row noar
buse and longitudinal row near lnteral margin, other
groups hardly discernible. Few tiny laleral splnules
near insertion of exopodite setin observed o 1 of 2 {e-
males, Segmentation and setation of mouthparls as in
nthor species here desoribed. Moandible wilhoul ornae-
mentation near palp, maxillular palp (Fig, 2050 apleal-
Iy spinulose. Frontal surface of maxillar syneoxopodile
hare. Syncoxopodite of maxilliped (Fig, 208) adormed
with large apinules at helght of lnsertlon of proximal-
most sela, and groups of small spinules distally and
proximally to large spinules. Spinules on eandal sop-
faee of basipodite of maxilliped arcanged in 2 proups,

Medial spine of P1 (Mg 200) basipodite reaching
bevond distal margin of enp, with lew longer selules
on proximal hall, Field of small spinules present on
frontal surface of first endopodal segment of '], near
lateral margin. Medial expansion of basipodites of
P1-P4 (Fig. 200, E) pilose, hairs on P4 (Fig, 20E) short-
er than those on other legs, Distal protuberances of
B1-P4 couplers (Fig 20 D, E) rounded and spinulose,
P1-P3 eouplers bare on (rontal and eandal surfaces, P4
coupler pilose on caudal surface and bare frontally,
Cavdal ornamentation of P4 coxopodite (Mg, 2000) comn-
posed of: long thin spinules (14-16) along distal muar-
gin, obliqgue row at laterodistal angle, median row of
small spinules near proximal margin, and oblique rows
of small spinules in lateral part. Pdenpd 27249 times
as long as wide, of apical spines medial one 1.7-1.4
times as long as lateral, medial spine 0.8-0Y9 times as
long 4s segment. Relalive length of medial spine. apical
and fateral setae of P53 2.5:2.3:1.0.

Commments. The single difference found in the mi-
crocharacters of the females [rom Queensland, Bornen,
Hungsry and Belgium, was the presence of distinetly
longer spinules on the fronlal surface of the [irst endo-
podal segment of P1 on the Hungarian specimen {Fig.
20C es. Fig. 2000 These spinules are tiny on the Bel-
gian and Australian females, which suggests the long-
spinule state to be an individual or loeal varianl ratherp
thun dingnostic [eature of a (subjspecies, Morphometric
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traite of the Queensland specimens are also within the
range of the intraspecific variation (Mirabdullayvev e!f
end. 20003

Thermoeyelops erassus lives in whole Eurasia
and is alse knewn from few loealities in the northern,
tropical part of Australia, Isolated New World records
in northeastern 11,5 A. (Vermont), Costa Rica, Nicara-
g and Mexico {Tabasco} indieate recent introduction
of the species {Guliérrez-Aguirre and Suiarez-Morales
20007, In northern Australia it has been reported from
Arnhem Land and the tropleal coast of Queenshind
{from Cairns (o Townsville region) (Tait of al. 19584,
Timms nnd Morton 19588). Aceording o Timms and
Marton (19585), T erasses s ‘widespread in lemperate
Australia’ and s area reaches as nr as southern Aus-
trali,

Thermoeyelops dectpiens (Kiefer, 19249)

Mistegediges (P hermoegefeps) decipbens lieler, 10200 300, Fig 12
Therpgeiaps devdpdens: Mirnldullnvey of af | 20600 257, 260,
i 1241

Material eramined, Australin, Queensland, Towns-
ville THIG'S, 1469 E, Ahbotr St 31, serviee manhole, 2
eb. 1999, 1 ¥ (MIZ60447). Philippines, Luzon, Pugad
Lawin, 14°40°5, 121°01'E, Dasma Cavite, C. Reyes 4
g, 2002 pond 2,2 79 (MIZ60445-449); pond 3, 1 2.
I & (MIZG04S0-451). Indonesia, Borneo, Mahakam
River, 14 km point, 25 Dec. 1976, Mizuno Coll.: 830, 1 ¥
(MIZG0452); Jave, Lake Telapwarna, near Chibodus, 17
Dee, 14975, Mizune Coll: 001, 1 9 (MIZG0O453).

Deseréption. Pemale (Australin). Body lengh 570 pm;
vephalothorax widih/genital double-somite widil: 2.5

Pediger 5 (Fig, 21A) with latern] spinules. Genital
double-somite (g 21A) 1.3 times as long as wide, No
transverse ridges or cuticular pits on urosomites, Lat-
eral arms of seminal receplacle perpendicular to body
axis. Posterior margin of anal somite with 55 larger
medial spinules on veniral surface, and 44 larger
medial spinules on dorsal surface. Operculum weakly
developed, without teelh. Caudal ramus (Fig, 214) 2.4
limes as long as wide withou! medial hairs. No spinules
al Implantation of lateral and latersimost terminal eau-
dal setae, Lateral seta implanted ea. 64% of length of
ramus. Relative length of lerminal caudal setae rom
mediatmost to lateralmost: 3.2:4.8:8.7:1.0. Longest
{inner median) terminal caudal seta 0.7 times as long
as urosome; tip of sela straighi (Fig. 21A). Dorsal seta
ahoul as long as lateralmost terminal caudal sefa.

Antennule 17-segmented, armature formula as in
T. erweis. Hyaline membrane (Fig. 21C) present on twao
lerminal sepments, thal on sermentl 17 proximally
extending to implantation of medial seta, no notch.
Aeslhelase on segment 12 (Fig, 21B) reaching distal
margin of segment 14, Aesthelase on segment 16 (Fig,

21) ending in short thread-like structure; and not
reaching hall of segment 17. Lateral seta on segment
13 (Fig. 218} short, not reaching hall of succeeding
segment. Row of spinules present on anterior surface
of first antennular segment. Antenna [urnished wilh
3 sefae on coxobasis, 1, 4, and 7 selae on endopodal
segment 1-3, respectively. Candal ornamentation of
antennal coxobasis (Fig. 210): sploules in longitudinal
row near Iateral margin and obligue row near base,
robust; group of spinules present between longitudinal
and oblique rows; obligue feld of small spinules pres-
ent proximally to insertion of medial setae. On frontal
surface of coxobasis, few spinules (8) arranged n lon-
gitudinal row near laternl margin, and transverse row
of Liny spinules next to longiludinel row,

Segmentalion and armalure of mouthparts as in
other species here described. Mandible withoul ornn-
moentation near palp, maxillular palp spinulose. Syn-
coxopodite of maxille (Fig 2115 rontally ornamented
with distal trinngular feld of liny spinules, and proxi-
mal group nest to longitudinal erest of pracessopodile,
Svncoxopodite of maxilliped (Fig. 217 with huege spin-
ules at height of insertion of proximalmest seln, and
groups of small spinules distally o laege spinoles,
Spinules on eandal surface of maxilliped basipodite
arrunged o 2 groups.

Medial spine of P1 basipodite (1'ig 224) resching
distal margin of enp2, without longer setules on proxi-
mal hall. Medial oxpansions of basipodites of P1-13
(Fig, 22 A-C) pilose, those of P4 (Fle 2200 with small
distal spinules on eaudal surlaee, Dislal protuberanees
of P1=P4 couplers (Fig, 22413 rounded and spinulose,
Protuberances of P4 coupler conspicuously high. I
eoupler eaudally bare, yvel group of shorl hairs present
on frontal suriace, P2-F3 couplers caudally spinulose,
and frontally bearing few short hairs on proximal half
of couplers. P4 eoupler with long hairs on caudal sur-
fice, and 1-1 group of spinules on fronial surface. Cau-
dal ornamentation of P4 coxopodite (Fig. 220) com-
posed of: relatively fow (10) robust spinules along dis-
tal margin; oblique row al lalerodisial angle; oblique
median row of small spinules near proximal margin,
and tiny spinules proximally Lo this row; shorl trans-
verse row in middle length of sepgmenl. Pdenps i)
{imes as long as wide, of apical spines medial one 2.5
fimes @5 long as lateral. medial spine aboul a5 long as
segment. Medial spine of P5 longer than apical and lat-
eral selae.

Comments, Mirabdullayev (in Mirabdullayev of of.
2003) gave an illostration of the candal surface orna-
mentation of the antennal coxebasis in Lthe Alrican
(Kinshasa} type specimen of 7. decipéens, The orna-
mentation pattern is similae to that found in the female
from Townsville, excepl or the obligue lield of spinules
helow the insertion of the medial setae, which is absont
in the lype. This group, common in Thermocyelops
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and also present on the Australian 7. decipiens
female, appears on the antennal eoxobasis in (he spee-
imens examined from Lugzon, Borneo and Java, but the
spinules are extremely liny and very easy to overlook.
It is possible, that size reduetion might result in full
tlisappearance of this proup of spinules in some popu-
lations of 7 deeipéens. The single difference nbserved
between the Sontheast Asinn and Australian females is
the peculiane shape of the sesthetase on segment 16 in
the Townsaville specimen, Tn the females from Indonesia
and Philippines (the sesthetase is gradually narrowing
(seta-like) and longer, reaching distal fourth 1o distal
margin of segment 17, More observation is needed (o
verily The dingnostie value of this charactoer,

Thermoeyelups decipiens s a Pantropical zoo-
plankior, widely distribated in (ropieal Austealin (Tauit
el ead LSAS Timms and Morion 1858),

Key to species of Thermoeyclops oceurring in
Australin

1 peseveloprerewdifer can be easily confounded with
Toooperewdifer, \erelore, although i€ has nol been
reporled Trom Austealin yel, 0 apercalifer s also ndd-
el Lo the ey

Lo Caudal surface of P4 coupler with spinules (Fig.
100y, medialmost terminad caudal setn < 2 (imes us
longr as Interalmost termingl candel setn (Fig 7I)

9

- Candal surface of P4 coupler with hairs (Fig. 17F);

medialmos) terminal candal sela =2 (imes as long

a8 latoralmost terminal caudal seta (Fig, 15F) .. 4

Apical spines of P4 enpd subequal (Flg. 6B); medial

expansion of "1 basipodite with medial hairs and

spinules (Fig. 5A), those of P2 and P3 basipodites

(Figs S8, 6A ) wilh distal spinules on caudal surface

.................................... T. erucis

- OF apical spines of P4 enpd medial spine conspica-
pusly {=1.2) longer than lateral (Fig. 10D); medial
expansions o P1-P3 basipodites with dislal hairs
(IR A i nis

g Anal operculum sirongly dﬂe]uped semicireular
(Fig. 713 urosomites with distinet {ranverse cuticu-
lar ridges. two oval flelds of small shallow euticular
pits presenl near copulatory pore (Fig. 7A, D)
medialmost terminal caudal =eta 1.5-1.8 limes as
long as lateralmost terminal caudal seia (Fig. TE);
ol apical spines of Pdenps, medial one is 1.7-2.)
limes as long as lateral (Fig. 100y ... ... ... ..
............................... T\ aperculifer

- Anal opereulum moderately developed, rectangular
(Fig. 120); tranverse culieular ridees hardly dis-
cernible on urosomites, two oval fields of small shal-
loww cudicular pils ahsent pear copulatory pore (Fig.
124, K3 medialmost terminal caudal setn 1.1-1.2

[

times as long as lateralmost terminal candal seta
(Fig. 128B); of apical spines of Pdenp3, medial one 15

1.4 times as long as lateral (Fig 148 ... . ., FEE
.......................... T peewdaperculifer

4. Caudal surface of P2 and P9 eouplers and fronl-
al surface of P4 coupler with spinules (Fig. 226-D)
..................... . 1. decipicns

- ! uudnl surfm*e of P2 and P3 mu[:lw*-i withoul orni-
mentation or sometimes with hadrs, fronlal surfaee

of Pd coupler bare ........ TS

a. Caudal rami 2.0-3.7 Lllm‘-s s Inn;.f us owide (1M
LSEY tip of inner median (longesty terminal eandal
seta steafght or slightly eurved (Fig 15A); Trontal
surface of P1-P3 couplers with hades .. T relowd

= Candal rami 2,0-2.8 times as long as wide; Lip of
lomgest terminal caudal sela curling: frontal surlzee

of P1=F4 couplers withoul ornamentadion ..., ...
T erassus
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348 M. Hotmises

Flgure & Thermaoeyelops pructs sponov, Temale. (4) Habitis, dorsal (B antennale, spterior: (H) degments 1-18; (0) sepmonts 1417
(1) sintenna, eagdsl, (A=C) holntype, (D) paratype T-R5-2 (MEZG00Z6). Seales: A 10 pn, B-E2: ) pm
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Flmure 4. Thermoigelags ericis sp. nov, female, (A} Maxilliped, caudal; (B) mesilln, fromal; (C) maxdllole, enodal; () anlennal eoxobesis ani
firsl endopodal segment, frontud; (E) mandible; (F) lsbrom and parsgnuih. (A-C) holotype, (D) paratype T-53-2 (MIZAM2E), B, F shiw prealype
T-HE-1. Seabe: 50 pm
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350 M. Hoerises

Figuec 5 Fherinacyelips srweie sp. oo, (A) PL ool (18 P2, caudal: (( b eenital doulthe-somite, ventrd: {10 pediger 5 wod antirior lull of poniti)
double-somite, dorsal. (A-C) bolotype, (1Y) paralpe T-5%1, Seale 50 pm
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i, Thermoegetops proeds sponov, lemade, (A} 79 candal (B) P4 eaudal; () 74 eoxopodite and eouplee, eandal gomanentalion on Trintal
syrfuer Ds shown by dotted Tine): (1) pediger fi, venirul (5 eaudal ramie, dorsal; (F P9 eoupler, frontal; P4 eoipler, frontel. (A, B L, G helorypie,
(7] pusratypre T-58-2 (MIZES20], (E) paralype T85-1 Seales. 50 1m




352 ML Hoermses

Fipiee 7. Mherntacyciops apercudifer (Kider, 1930} (A-C) Lombek fholulypel: (A) uroseme, ventral; (8) amal somitg aml cadal rami, dovsal;
(0 caulid vemus, ventead, (DG Snlewesi (Saho roudside diteh), (19 Pediger 5 and genllul deuble-somite, ventral ERUEARIRR () niad samile
] canrcanl reml, dersad ATZEAETY: (F) arosome, ventral (MIZEA3); (0) anal somit, ond eaidad eaml, dorsal MIAGIREL ). Seales: RO @,
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Figpare 8, Thermocycleps opereadifor (Ricler, 1030), Lembek tholotvper. (A=D) Antennole. posterior. (A) Semoents 14 (B) sopments H-110; {0
pegmints 1 I=10; (L) soprments 1517 (E) antonnad coxebosis and lirst wnl gecond endipodad segments, frontal (F seloo on enp, and all setae on
hesescnhiasis nee hrolen off; same proups of spinoles distemniblie on e coodal surfoee of coxehasis are indicaoed by dotted Bned Seole; 50 am,




354 M. Hormexd

Plgure 0. Thermorpelops apercalifer (Kefer, 1500, Sulawesi (Salua rosdeide diteh), female. (A) Maxilln, frontal; (5 masxiliped, frontl;
() masillude, frontad {1 aolennal eoxobasic mud frst endopodal segment, caudal: (E) lsbrom and paragnathes. A, O B aod B, 1 show MIZE0420
i MIZGMZE, respectively. Seales: 50 pm
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Flenrn 1k Therwoepelops opereilffer (Keler, 1030}, Lambok (holotyge). (A) PL rontal, (B) P2, eaunedel; () 25 condnd (00 P4, candal; (385G}
pouplers. cnudal (E) P12 iF) P2 G) P35 Seales: 50 pm




356 M. Hotmises

e 1L T fops operend i (Kiefer, 1030), Silewesi (Sabun, roadside diteh ) moles (A) PE protopoedibe, eopt-2, anid expl, feonel; (B-C)
ooupler, wnd medind pazls of eoxes and basipedite, candal. (B) P20 (C) P30 (D) P4, eandal; (E-F) varintion in e ornamentatlon of e medlad
exprunsiom of 1M basipodite, (AL B Fand C, D, E show MIZEMIE and MIZELE, respectively), Scales: 31 jim
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Vignre 12, Phersnoeyeligs preudopereel e sp,nov. (A) Urosome, dorsal: (1) candal rami aeil <otae, dorsal (spinle ornamentation of eami is
not showend; () anal somite and cundal ramos, dorsal - original drowine wis maide of lurger magmification than that of (B (D) pedigor 5, dovsal;
{15} genitald duuble-somite, ventral {A-19 holotype., (E) parutype, Seales: ST




358 M. Hounisia

Flaute 18, Fhernevgelops peesdapecesdffer po nov, (A} Anlennal coxobasis, cutal: {B) antennolo, segments 15-17, antecior; (O) vostrom,
eplstoma. lnlrum; (D) anwennol eoxohasic and firsl and second endopodal segment, rontal; (E) mdlinle, frontol. ©A, B, D) paradspae
L2, Ej holotvpe. Seales: 50 pm
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e 14, Thermnepofops peesdoperendifer-<p. nov. (A0 Mandible, frontal; (8) maxilliped, frontal (distal part of the latorabmost seln ol enpl wias
brodeon off. length of The sela s given here by eompardng I te e corresponding sota on mexilliped of the nther sided; (0] masiila, sasdal; (D) P1,
frontud; (E] P4 caudal (A-D) holotype, (E) paratype. Seales: 500am




FEENL B, CLE-G) MUABDRIT,

Al ML

A Huhinus, dorsal; (-0 pediger 5 0By Dorsal; (0 venteal: (1)

M. Hovrkses

360
Interal; (B3 enndal roms, ventral; {F) anal somite nnd coudud rami, dorsal; (G) genital double-somibe, vooteal §

Figure 15 Phermoepeliops rgloei (Smivnoy, 1925, Adstralin (Cloncurry), femule |

(1) MIZe0430, Seales: 50 pm
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B-D

Fipipe 10 Fhermoegtlons flord (Gmimov. 1928), fomale. (A) antenne, eatdol (87 asronmal coxobasis, cawdal; (0) antennal eoxolasis wd liest
crlapnelal semment; frontul; (0 mandible and muxillale, frontal 03 O, T female from Ausbenlln (MUAGIESEY, (BY spevtnen frome abokistan
(Lar=hi, MUEGREN), Scales: S0 pm




362 M. Hotrisee

Plaguree 17, Thermioegelops ypfoed (Smivnoy, 1025), Temule. (A-C, F, G) Austradfia (Ulonearry), (A0 Mesila, ontal (MIZEREEY (18 maxiliped,

fruntul (MEAGITY {C) antennule, segments 12-10, posterior (MEZGOG36), (F) P4 eoupler, eaude! (MUIZSHSH) (G antoonule, sepments 16-17,

unterior ARGIA36); (D) Ugbheliztan (Qurshil; vardshle spinolmbon of the distal protuberinees of P vosttpler (el ) (VTAGOAS0, GO0
Beabes: 5 um.
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Pluee 15 fermoegefops sploed (Smirmoy, 1628, Anstralin (Clonearey), female. 140 P1 fronal (B P4 enudal; (05 P2 protopodile, eandid;

(1) ¥ protopodite, eandal; () P ooupler, caodal AL sboss MEERLET. Seales: ) pm
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\ :
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FPlmwee 19, Teryorgelaps erassus (Fiocher, 15520, female (A, B, D) Avstralio | Tewnsville, MEZGMAGE (8 Antennule, segmenls 12- 17, aiteriog
(B4 mntennad voobsisds, Tivet aned weeond eodopoaded segments, caudal; (D) seminal roeeptaels (C) Fumgres (Sxarvish pntennal enxohisis, camlal,
Seahes: Mum
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A B \

Figre M1 Yherminegielagad eridsas (Fischer, 1850, fomule. (A, B, B CTowmsville, MEQSIAGY (A) mastlule, frontal; (H) mosiliped, Trental;
1P protopodite, expl. and enpt-2, fronial; (E) P4 prowpedite, caodal. (0) Honmaey (Saueas)s P opeolopedite, oxpl, and enpl-2, ronlal
Seales: M pm.




Jbb M. Hownisea

B.C E
D, F

Flmnre 21 Thermoepefops oeefplens (KieTer, 1929), Townselle, femade. (A) orosome, venteads (B) antensale, segnonty 12-16, postorior;
() notenmnule, segmenls 16-17, pogtesior;, (I antenno coxobaziz, candal; (B} misxills syneoxopasdite, frontal; (F) masatliped syneoxopodite, feomtul.
Sethes: 50 pm
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[Fipropre 22 Plhiremaeyelops deedpicis (Klefer, 1928), Townsville, female (A) P protopodite, exp =20 and onpi-2, frontak (81 F2 eoupler. madinl

paarls ol enxe- and basipodite, coudie! (e boles wre presem on fronad surface of coupler; (0) 19 eoopler, mediad parts of eoxn-and hasipolile,

el {few hndes dre peesent on frontad surfaee of conpleci; (80 P4 protopodite, eoudad (sploules ame shown on feonod surfice ol eogplee)
Sealess 5
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