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Temnocephalan worms are freshwater rhab-
docoel turbellarian ectosymbionts associated
in Australia with crustacean hosts, particularly
parastacid crayfish. For more than 100 years, spiny
mountain crayfish (Euastacus spp.) have been
recogniscd as important hosts for temnocephalans.
This genus is endemic to castern Australia and is
distributed along the Great Dividing Ra. from
Cooktown in North Qucensland to the South
Australia—Victoria border (Morgan, 1986, 1988,
1989, 1991, 1997). To date, 43 species of Euastacus
have been described (Coughran, 2002).

The first temnoccphalan rccorded from
Enastacus crayfish was a large worm with five
tentacles and brown pigment, Temuocephala
fasciata Haswell, 1888, from the extcrnal
carapacc of Astacopsis serratus (Shaw, 1794) (A
name now known to encompass several speeies in
the genus Enastacns). Haswell (1888) mentioned
smaller white worms with six tentacles, which he
belicved to be immature 7. fasciata. Subsequently,
Haswell (1893) recognised the distinctiveness
of thesc 6-tentacled worms and named them
Temnocephala cones. Much later in a footnotc,
Haswecll (1924) provided brief details of another
6-tentacled worm with brown pigment which he
planned to describe formally, but ncver did. This

incompletely described worm, Temnocephala
simanlator Haswell, 1924, and the carlier
Tenmmocephala comes Haswell, 1893 rcmain the
only named species of 6-tentacled worms from
Erasracns hosts. Pericra & Cuocolo (1941) later
proposed Temmnolaswellia to accommodate the
6-tentacled wors formerly in Temnnocephala.

Although Temnohaswellia also occurs in New
Zealand where a single species, T. novaezealandiae
(Haswell, 1888). is associated with freshwater
crayfish Paranephrops (see Fyfe, 1942), in
Australia this genus is known only from
Euastacus.

In Australia, two further species of Temno-
haswellia were described by Cannon (1993) from
single specimens collected from  freshwater
shrimp, Caridina sp. (nilotica ?) at Aplin Weir,
Townsville, north Quecnsland: Temnohaswellia
pugna Cannon, 1993 and T. retrica Cannon, 1993,
We now believe that the record from Caridina sp.
and the subsequent wrong identification of the
worms is becausc of an error in specimen labeling.
The worms probably came from a spccies of
Enastacus from NSW (probably Enastacns
sattoni from Glen Innes) and should be referred
to Haswell’s species Ternohaswellia comes and
T. simulator respectively. Evidencc to support
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this belicf is presented in the remarks section of
Temnohaswellia comes description in this paper.

Haswell (1924) also drew attention to a possible
new spccies of 5 tentacled worms which hc
described as a variety of Temnocephala fasciata
and for which he figured the cirrus. In fact scvcral
species of temnocephalan worms with 5 tentacles
occur in Australia on freshwater crayfish, crabs
and shrimps (Hickman, 1967; Cannon, 1993,
Cannon & Scwell, 2001). Australian members of
Temnocephala with 5 tentacles were transferred to
Temnosewellia by Damborenea & Cannon (2001).

Although Cannon & Sewell (1994) predicted that
the recorded temnocephalan fauna of Enastacus
would increase with closcr examination of the
hosts, to datc only two other iemnocephalans
have been described from spiny mountain
crayfish, viz. Hepracraspedella peratus Cannon
& Sewell, 1995, and Gelasinella powellornm
Sewell & Cannon, 1998. Both belong to the sub-
family Craspedcllinae, members of which live on
crayfish gills.

The current study of Temnohaswellia and
Temnosewellia from Enastacus hosts in Australia
greatly increases the number of species recognised
from these crayfish and complements a wider
study to examine the possible co-evolution of
temnocephalans and their Enastacus hosts using
morphology and DNA sequences.

MATERIALS AND METHODS

Euastacus crayfish were collected from
freshwater habitats either by hand after turning
rocks or by using baited collapsible minnow traps.
Many field localitics visited and sampled in 1990~
1992 by LRGC and KBS as part of fieldwork
described in Cannon & Sewell (1994) were
revisited in 2002 to collcct live Eunastacus hosts
and their temnocephalan associates for histology
and DNA analysis.

Most collected crayfish hosts arc registered in the
Queensland Museum (QM) Crustacean collection.
The museum registration numbers of these are
provided here, along with the registration numbcrs
of any hosts from: other Australian muscums from
which temnocephalans were borrowed. Where
a crayfish is not registered with a museum it is
termed ‘unregistered host’ the record is followcd,
where known, by the name and institutional dctails
of the person who identified the host.

_ Specimen data are listed in condensed format
in the order: QM registration number; spccimen/
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slide preparation details (in parentheses, with
the number of slides in squarc brackets [ ]); host
specific name: museum host registration number.
or for unregistered hosts, the host identification
authority and details (in square brackets [ ]):
locality details as provided with host; date
collected; eollector(s); histological fixation/
staining procedurcs.

In the Materials section, full registration details
are provided only for cach holotype spccimen
and for cach new locality. Discrete blocks of
registration data are scparated by semicolons.
Data for all subscquent specimens listcd
(including paratypes) in the Materials scction
data are condensed to reduce repetition of data
that are often eommon to a range of specimens
e.g. location, date and collcctors. The museum
host registration number or identification details,
musecum temnoeephalan registration number,
and specimen slide preparation details arc always
provided, followed only by those data which arc
diffcrent from that of the preceding registration.
Specimens recorded in the Matcrials section,
other than type matcrial and material from the
type loeality, are grouped by crayfish host, then
Australian state, with wholcmounts listed first
followed by cirrus preparations and then serial
scctions. We consider these abbreviated data
valuable as they readily allow other workers
access to information without the ongoing need
to query collection databases.

The single specimen of Temmnohaswellia comes
(Haswecll. 1893) from the Australian Museum,
Sydney was examined. This slide-mounted
specimen was labelled ‘type” and wc assume it
is the holotype. Specimens of Temuohaswellia
novaezealandiae (Haswell, 1888) were obtained
from Paranepivops zealandicns collected by
collcagues in New Zcaland, fixcd and sent to
Australia. Types of this species were not available
in any museum collection in Australia or New
Zealand. Speeimens in 70% cthanol identificd by
William A. Haswell as Temnocephala fasciata
Haswell, 1888 from the Australian Museum,
Sydney were examined. Types, labeled as such,
were not found in any museum in Australia or
New Zealand. For other early-described species
without types designatcd by their authors, we have
selected a neotype only if we believe there is
potential for confusion in identification. Only
Temmohaswellia simulator comes into this
category.

Live temnocephalans were removed from the
surface of the crayfish using a sharp woodcn
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point or fine forceps. Proecssing of crayfish and
worms and deseriptive terminology essentially
follows the conventions established by Cannon
& Sewell (1995) and updated by Sewell &
Cannon (1998a) and Cannon & Sewell (2001).
Refinement of the protocols associated with
temnoeephalan taxonomy has continued in the
present study. We therefore present here a detailed
aceount of all methods currently employed.

Cold 100% ethanol was rccognised as a
valuable routine fixative for temnocephalans for
the following rcasons: worms fixed in this way
are usually extended in a life-like manner and
thus ideal for preparation of wholemounts (WM);
worms can be cleared and mounted unstained
without the need for further dehydration: worm
tissue remains useful for DNA analysis; and
worms can be rehydrated in watcr and mounted
in Faure’s medium to allow examination of the
sclerotised components. In previous taxonomic
publications (see Cannon & Sewell, 1995,
2001; Damborcnea & Cannon, 2001; Sewell &
Cannon, 1998a. b) we termed the chloral hydrate-
based mounting medium we used (distilled
water 50ml; chloral hydrate 50g; glycerol 20ml
and gum arabic 30g) as ‘de Faure’s mounting
medium’. The term is renamed in the present
papcr as Faure's mounting medium in the light
of information provided by Upton (1993) who
stated that this rceipe (which originally ineluded
a small quantity of cocaine) was first devised by
Dr Giovani Faure (not ‘de Faurc’) in 1910.

Unstained wholemounts we regard as generally
more useful for routine speeimen preparation than
staincd specimens as they allow better definition
of the male and female reproductive hard parts,
and thus confirmation of the speeies’ identity.
To mount speeimens unstained, after fixation in
Bouin's fixativc, they were soaked in a solution
of 70% alcohol saturated with lithium carbonate
to remove pierie aeid.

The pattern of the epidermal mosaie is well
established as a valuable taxonomic charaeter to
discriminate taxa at the level of order and family
(Jofte & Cannon, 1998; Cannon & Jofte, 2001;
Damborenca & Cannon, 2001), but thus far has
been regarded as less useful at lower taxonomic
levels e.g. genus and species. Our investigations
of the pattern of the cpidermal mosaic are
limited to a single species of cach genus namely:
Temnohaswellia  comes and  Temnosewellia
cypellum sp. nov. Nonetheless, the pattern of the
epidermal mosaic is included hcre as a potentially
valuable character at the genus level. Terms used
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for the syneytia follow JofTe & Cannon (1998) and
Cannon & Sewell (2001).

To show the epidermal mosaie, live worms were
fixed by flooding with a solution of 2% silver
nitrate heated to about 60°C, washed in distilled
water then exposed to either bright sunlight, or
ineident light from a ‘Volpi® cold light souree
for 15 to 30 minutes, dehydrated in ethanol and
mounted in Euparol.

Sinec our initial use of Faurc's mounting
medium to clear worms (Cannon & Sewell, 1995),
our species descriptions have rclied inereasingly
on the sclerotised cirrus (male reproduetive hard
parts) as a character to diseriminate specics. In
the case of Temnohaswellia, the arrangement
of the sclerotised components of the vagina
are equally valuable. Faure’s medium provides
much elcarer images of thesc sclerotised organs
than arc available from stained or unstained
wholemounts mounted in Canada Balsam.
Nevertheless, we now recognise the following
limitations of thc use of Faure's medium. 1)
Most importantly, slides mounted in Faure’s
medium are only semi-permanent and variable
in their longevity (Upton. 1993). To counter
the potential deterioration through drying of
specimens mounted in Faure's, we have ringed the
specimens using elear laequer around the edge of
the coverslip. It has been brought to our attention
by one of the reviewers of this manuseript,
that the use of Lanoline-Colophonium resin to
ring specimens mountcd in Faure's may better
preserve the preparations. 2) The width of eirri
increases slightly over time (years). presumably
as the specimen flattens under the weight of the
coverslip. 3) In the case of large, pigmented
worms it 1s necessary to disseet the worms and
remove the eirrus to obtain a good view of the
organ. Disscetion can be madc easicr by fixing
live worms at capture in a fcw drops of Faure’s
medium. They ean be stored in this way for
cxtended periods until the need 10 mount the
eirrus: this has the advantage that the speeimen
becomes sofiened in the medium and can thus
more easily be dissected to remove the eirrus.
For optimal results, specimens should be placed
in Faure's medium before fixation. Fixed
speetmens should be soaked in water at least
overnight to soften tissue prior to mounting in
Faurc's medium or prior to disscction to remove
the reproductive structures.

Our descriptions of the cirrus and vagina are
based on light mieroscope (LM) cxamination
conducted with the aid of Nomarski interferenee



contrast. These organs occur in the posterior
portion of the worins. Consequently we typiealtly
rctained this part for morphological identification
(i.e. after mounting in Faurc’s medium) and
subsequent registration of the posterior end as a
voucher speeimen in a museum colleetion, while
allowing the anterior end to be available for DNA
sequence studies.

Images were captured digitally using Aresoft
Zipshot and edited and assembled into plates
using Adobe Photoshop, diagrams were prepared
using Adobc Illustrator.

TERMINOLOGY AND
MEASUREMENTS

Body pigment, although rare in Tenmohaswellia
spp., is commonly present in Temnosewellia spp.
Where present, it is comprised of fine brown
particles forming a complex, ramifying dorsal
network that penetrates the parenchyma and
becomes less dense and regular ventrally. The
general pattern of the pigment can be seen in
wholemount specimens in Canada balsam, but is
particularly clear in specimens mounted in Faure’s
medium. The pattern described for Tenmosewellia
fasciata by Haswell (1893) is typical of adults
of most pigmented Temnosewellia speeies [rom
Euastacus erayfish, Dorsally the pigment is
continuous and, at least in larger worms, adopts
a close woven appearance that usually resembles a
network or cloth (Figs 19D, E: 23E, G; 33A). The
body pigment is ofien coneentrated around the eye
region, including between the eyes, and extends
to the tentacles, but is absent from the major
reproductive, excretory and digestive organs (¢.g.
testes, excretory ampullac, gut), and the nervous
system (e.g. nerve cords). This absenee results
in open spaces in the pigment that outline these
‘organs and the nerve plexus (Fig. 27A). The
pigment is generally little developed on the
ventral body surface and on the dorsal surface
of the sucker. The density of body pigment was,
however, observed to vary within and between
speeies.

Some species completely lack body pigment,
even as large adult specimens. These worms
appear white except for discrete brown to dark
brown eyes and a dark gut. In some species,
though juvenile worms may have alimost no body
pigment, as the worms inerease in size (= age) the
density of pigiment increases such that large wornms
have the typical dense woven pattern. In other
species, juvenile worms may have well developed
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pigment, although it is always less dense than in
large adults.

Our descriptions of body pigment foeus on the
dorsal most body pigment of adult worms and we
use three terms to deseribe the pigment pattern:
‘lacking’, ‘typical” and ‘punctate’. Worms that
have no pigment granules in the dorsal body or
have pigment granules restricted to a smali
concentration around or between the eyes
are classified as ‘lacking’ body pigment. We
term as ‘typical’ the pattern of dense, woven
dorsal body pigment such as that deseribed for
Ternnosewellia fosciata by Haswell (1893). We
term as ‘punctate’ dorsal body pigment that has
clumped regions of denser pigment set within
the woven network (Figs 23F: 45A).

Cannon & Sewell (1995) provided
mecasurements of selected internal struetures of
only the taxonomic type series, indicating that
such measurements are valuable only as guide
to the overall size and shape of the worms and
their organs. Here, we extend this assertion
and exclude measurements of some internal
structures (i.c. testes, exeretory ampullac, ovary)
provided in previous publications (Cannon,
1993; Cannon & Sewell, 1995, 2001; Sewell &
Cannon. 1998a).

Our taxonomie deseriptions again focus largely
on the sclerotised reproductive structures as
providing characters for diseriminating speeies. In
the current study we were able to obtain sufficient
material for most speeies to allow high resolution
LM cxamination of the selerotised components of
the male and female reproductive organs cleared
in Faure's medium. Nevertheless, resolution
of detail is sometimes difficult and we choose
to remain cautious in our counts, indicated by
77, ol jumbled overlapping structures. Given
our continued and increasing rehiance on these
structures as characters to discriminate species,
it is timely to reiterate and update some of the
terminology used (see Fig. 1A, B).

After Cannon & Sewell (19953), we define the
cirrus as the entire sclerotised male copulatory
organ comprised of an ‘introvert’ (flexible distal
eversible region armed with spines) and *shaft’
(rigid. tubular region tapering distally). Shaft
length was measured from the proximal rim to
the introvert base along the outside ol the shalt
wall but inside the introvert swelling. Although
the cirrus generally appears to be more or less
curved, the degree of curvature of the shaft is in
our opinion not a reliable taxonomic character,
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FIG. 1. Diagram of the temnoeephalan cirrus typical for Temnohaswellia in sagittal view. A, orientation and
relationships of the shaft, retractor muscles, eversible spined introvert (with unspined region), and the
opening of the antrum; B, measured regions of the cirrus used for species deseriptions. Sl. shaft length;

Sb, shaft base width at the proximal end; 11, introvert
outer] side): Ib, introvert base width at the proximal

length (of spined region(s) on the introvert longer [=
end; Is, Introvert swelling extending proximally past

the introvert base on the the inner side; Os, introvert swelling extending proximally past the introvert base
on the outer side of the cirrus; U, unspined distal region.

often being affected by fixation and by mounting
in Canada balsam.

The introvert extends from the distal insertion
of the introvert eversion muscle to the proximal
junction with the shaft, i.e. the introvert base (Fig.
1A, B). The introvert is the portion of the cirrus
first formed in juveniles, and its dimensions, unlike
those of the cirrus shall, remain nearly constant
as worms age (unpublished observations). In
most temnoccphalans the introvert bears spines
throughout its length, but in many Australian
species of Temnohaswellia there is a distinct
unspincd zone distally that is well sclerotised
(labcled ‘U’ in Fig. 1B) and frcquently appears

as a collar folded back over the spiny region. It is
unclear from light microscopy whether this zone
comprises a terminal part of the cirrus or is part of
the antrum. In other gencra this zone is less well
developed and may be difficult to resolve. We
have termed the zone the ‘unspined distal region’
(Fig. 1A-B). Thc unspined distal rcgion is often
very difficult to obscrve in specimens not clearcd
in Faure’s medium. Sometimes it has prominent
longitudinal folds similar in appcarance to thosc
figured by Haswecll (1888: platc XXII, fig. 8)
for Temnomonticellia quadricornis (Haswell,
1888) and often it has thickened walls distally.
The presence and/or dimensions of this character
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can be difficult to determine if specimens arc not
well cleared in Faure's mcdium, or when the cirrus
is very small. Consequently, wc have listed the
measurements of the spined region of the introvert
and the unspined distal region scparately in
species descriptions.

The introvert swelling is the optically
distinct layer surrounding the inncr introvert
wall from which the spines project inward and
distally when the cirrus is not everted (Cannon
& Sewell, 1995). The introvert swelling is a
clearly recognisable hyaline structure but we
are not able to describe it in detail histologically
or to confirm its exact function. The introvert
swelling varies in thickness along the length
and around the circumference of the introvert,
and extends proximally past the introvert base
to the distal region of the shaft (Fig. 1A-B). The
swelling can be classifcd as ‘even’, ‘uncven’ or
‘very uneven’ in the relative thickness of the
longer and shorter sides of the introvert (Fig. 2).
Where the swelling is not even, it is invariably
thicker on the longer side of the introvert (Fig.
1 A-B). The relative shape and size of the introvert
swelling are useful taxonomic characters with
the following limitations. The dimensions of thc
introvert swelling, unlike the other dimensions
of the introvert, appear to increase somewhat
as worms increase tu size (= age). Moreover,
in some specimens, the swelling is difficult to
resolve, usually either because it has complctely
cleared as a result of an extended period in
Faure’s medium or because it is very narrow.

Descriptions of the cirrus and the introvert
refer to the inverted/rclaxed state of the structurc
(Figs 1A-B, 2). Two main cirrus eversion
muscle bundles attach to the distal region of the
introvert dorsally and ventrally. In specimens
mounted in Faure's medium, the presence of
these muscle bundles ensures that the cirrus
rolls, under the coverslip pressure, to present a
longer and shorter introvert side when the distal
opening is obliquc.

The shape of the shaft may be described as
a ‘funnel”, ‘goblet’ or *cone’ (Fig. 2). Funnel
or goblet-shaped shafts have a wide proximal
region, which tapers rapidly to form a narrow
tubular distal region (Fig. 2).

We recognise the gencral shape of the spined
region when inverted as (i) likc a *cylinder’, i.c.
a continuation of the introvert margins, without
inflation, of the line of the shaft, (ii) a ‘cone’,
i.c. with the distal opening wider than the base,
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(iii) a ‘scoop’, i.c. with the lateral margins
inflated, but with a distal opening not greatly
larger than the base, and (iv) a ‘goblet’, i.c. with
inflated lateral margins and an opening greatly
wider than the base (Fig. 2). We also recognise
the distal opening of the introvert spined rcgion
may be at right angles to the long axis of the
shaft, i.c. ‘transverse’, or it may be ‘obliquc” or
even ‘very oblique’ (Fig. 2).

Descriptions of the introvert generally exclude
finc details of the spines. In general the spines
arc longest on the longer side of the introvert
and are shorter distally. Detailed analysis of the
spination at the light microscope level requires
examination of fully everted cirri, a situation
which, in our cxperience, occurs relatively
rarely in fixed specimens. The introvert spines
arc attached to ridgces that run parallcl to the
long axis of the introvert. However, in some
specics the ridges spiral, so that spines on adjoining
parallel ridges line up optically in rows that appear
diagonal to the long axis of the inverted introvert.
Measurements of the cirrus are rccorded from
sclected cirrus preparations from the type host
and locality cleared in Faure’s medium that were
the best representatives of those available i.c.
undamaged specimens lying flat,

Although the cirrus is a principal focus for the
recognition of temnocephalan specics we have
found that in Temnchaswellia the sclerotised
nature of the vagina is a most useful character
(see Fig. 3A-B). After Cannon (1986), wc term
a vagina the entire region of the female tract
that extends inwards from the common genital
opening and ends distal to the cntrance of the
oviducts. The vagina (Fig. 3A-B) consists of:
1) the “distal vagina’, a broad distal cavity with
muscular walls (delineated distally by a variably
developed sphincter); and 2) the “proximal
vagina’, a narrower proximal cavity with thinner
muscular walls, a thin inner surface with a less
regular shape and clearly able to expand. The
inner surface of the entire vagina, particularly
in species of Temnohaswellia, is folded into
obvious longitudinal and circumferential ridges,
with a pattern similar to the ribbed cuff of a
knitted sock. This surface may be sclcrotised to
variable degrees. The ridges arc delineated into
‘columns’ by the pattern of large longitudinal
muscle bundles. and ‘rows’ demarked by
smaller circumfercntial muscles. Here, we
further divide the distal vagina into: 1) an “outer
region” adjacent to the opening to the atrium
that is often thickly sclerotised and formed into
teeth (Fig. 3B); and 2) an ‘inner rcgion® which
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FIG. 2. Diagrams showing the terminology applied to the shaft (top row) and introvert (remaining rows) of
the temnocephalan cirrus. Sec text for a full description.
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FIG. 3. Diagrams of the temnocephalan vagina. The arrangement figured is more typical of Tenmohaswellia,

A, vagina (sagittal) showing distal muscular sphincter, middle chamber with expandable walls and inner
(proximal) eanal. B, diagram (as if looking out towards genital pore) of the varicty of sclerotised “tecth

which can be found adorning the vaginal walls.

is frequently less sclerotised and more sac-like
(expansive). Our deseriptions of the vagina of
Temnohaswellia focus largely on the sclerotised
surface features of the outer region of the distal
vagina. Descriptions of the vagina are derived
mostly from Faure’s preparations of the cirrus
and surrounding arcas. but in some cases also
from histological sections.

All measurements were made in microns (jm)
with the aid of a drawing tube. The sequence
adopted for presentation of general body
measurements is: ‘B’, total length of worm to
tip of tentacles » width at greatest dimension,;
*LE’, length from posterior of worm to eyes;
‘PH’, pharynx length *x width; ‘SD’, sucker
diameter; ‘PD’. sucker pedunelc diameter.

The sequence for the the cirrus measurements
(see Fig. 1A-B)is: ‘S, shaft length [S1] X shaft
base diameter [Sb]; 'I’, Introvert length of spined
region [I1] X introvert base width [Ib]; ‘U’,
length of unspined introvert region (if present);

1

‘IS, length of introvert swelling proximal to
the introvert base on introvert outcr side [Os] x
length of introvert swelling extending proximal
to introvert base on introvert inner sidc [Is].

The following abbreviations are also used:
ACT, Australian Capital Territory: AD, adhesive
disk syncytium, Alc, ethanol; AM, Australian
Museum, Sydney: Bouin, Bouin’s fixative; BS,
body syncytium; ca, circa: CALC, locality co-
ordinates calculated from locality description
provided: Ck, Creek: CP, cirrus preparation; Fau,
Faure's mounting medium; E, east; Form, 10%
formalin buffered to pH 7.0 with phosphate;
Form-Acetic, Acetic-Formalin-Aleohol (AFAY);
Carn., Carnoy’s fixativc; FP: Forest Park;
FR Forest Reserve: g, gonopore; H, Holotype;
H&E, haematoxylin and eosin stain, HF, hot
10% formalin; HW, hot water, Hx, Mayer’s or
Harris’s hacmatoxylin stain; LS, longitudinal
seetions; m, mouth; MB, melanin bleached;
MP, cpidermal mosaic preparation stained
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with silver nitrate and mounted in Euparol;
N, ncotype: na, not available; NMV, Museum
of Vietoria, Mclbourne; NP, National Park;
np, nephridiopore; NR, Nature Reserve; nr, near;
NSW, New South Wales; NZ, New Zealand;
P, paratype: PP, pigment preparation; Qld,
Queensland; PS, peduncular syneytium; PTS,
post-tentacular syncytium; QM, Queensland
Muscum; R., River; Ra., Range; S, South, SA,
South Australia; SF, State Forest; trib., tributary;
TS, tentacular syncytium; Un, unstained;
VIC, Victoria; WNW, west north west; WM,
wholemount [Canada balsam].

TAXONOMY

Order TEMNOCEPHALIDA

Family TEMNOCEPHALIDAE
Monticelli, 1899

Subfamily TEMNOCEPHALINAE

Temnohaswellia Pereira & Cuocolo, 1941

Temnchaswellia Pereira & Cuocolo, 1941: 103.

TYPE SPECIES. Temnocephala novaezealandiae
Haswell, 1888, by original designation of Pereira
& Cuocolo, 1941. Gender femininec. Host:
Paranephrops zealandicus (White, 1847) [senior
synonym of Paranephrops setosus Hutton, 1873 and
P. neoz¢lanicus Chilton, 1889].

DIAGNOSIS. Temnocephalinac generally less
than 3mm long, six anterior tentaeles and posterior
pedunculate adhesive disc present; conspicuous
papillate ridges or imbricating seales absent from
tentacles or dorsal body; single dorsal pair of brown
to dark brown pigmented eyes at base of tentacles;
brown to dark-brown body pigment (melanin?)
usually absent or restricted to region around or
between eyes. Gut appears dark. Sclerotised distal
vaginal cavity foldcd to form prominent papillac or
‘teeth’ distally, and longitudinal ridges and folds
proximally. Testes two pairs postero-lateral to gut;
vasa deferentia cnter scminal vesicle separately:
¢jaculatory sac usually semi-discrete (with
slightly-narrowed neck). (All species other than 7
novaezealandiae restricted to Australia and only
on Euastaeus spp.).

Epidermal Mosaic (based on Termmolhaswellia
comes (Haswell, 1893)). Epidermis composed
of 5 syncytia: 1, tentacular; 2, single,
charactcristically saddle-shaped, post-tcntacular
plate; 3, body; 4, peduncular; and 5, adhesive disc
(Fig. 9). Post-tentacular syncytium contains the
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nephridiopores dorsally. Shallow groove marks
border between dorsal and ventral surfaces along
lateral margins ot body and peduncular syncytia.

INCLUDED SPECIES

Temnohaswellia alpina sp. nov.
Temmnohaswellia breviumbella sp. nov.
Temnohaswellia caprieoruia sp. nov.
Teummohaswellia comes (Haswell, 1893)
= T. pugua Cannon, 1993
Temnohaswellia eornu sp. nov.
Temnohaswellia evotalunr sp. nov.
Temnolaswellia munifica sp. nov.
Teinnohaswellia novaezealandiae
(Haswell, 1888)
Termnohaswellia pearsoni sp. nov.
Temnohaswellia simulator (Haswell, 1924)
= T. tetrica Cannon, 1993
Temnohaswellia subulata sp. nov.
Temnohaswellia nmbella sp. nov.
Termmohaswellia verruca sp. nov.
Temnohaswellia sp.

KEY TO SPECIES OF
TEMNOHASWELLIA

1. Body pigment precsent in large specimens, or a
concentration of pigment around the eye region .... 2

Pigment lacking except for a thin tracery between the eyes
3

2. Body pigment concentrated in the eyc region; outer
vagina with a few teeth .. 7. simulator (11aswell, 1924)

Body pigmcnt not concentrated in the eye region;
outer vagina with very numerous large teeth
............... T. novaezealandiae (Haswcll, 1888)

3. Tecthinthe outervagina. .. .......ccoiennnn... &
No teeth in OULCr Vagina ... vv v vereveninennnnns 4

4. About 10 large spincs on the basc of thc introvert
....................... T. comes (Haswecll, 1893)

No large spines on the base of the introvert . ... .... 5

5. Cirrus shaft gracile and gently tapered, with long,
narrow cylidrical introvert about 130pum long
............................ T. subulata sp. nov.

Cirrus shafl not gracile and gently tapcred. with short,
cylindncal introvert about 55um long. . . . 7. cormi sp. nov.

6. EYCSPICSCnt o oo v ive it it 7
Eycs absent; outer vagina with about 6 rows and columns
of roundedteeth............... T. pearsoni sp. nov.

7. Outer vagina with block-like tecth arranged in very obvious
columns and rows, larger proximally .. T. crotalum sp nov.
Outer vagina with tecth that are not block-shaped . .. 8
&. Rows and columns of tceth in the outer vagina that

IR EOIES o 6 00 0000 0000000000 an ARG - 9
Rows and columns of tecth in the outer vagina do not
resemblecombs........... ... . ... 10

9. Blunt, comb-like teeth in the outer vagina, larger



proximally: eirrus with long unspined distal region
with promineni longitudinal folds about twiee as long
asthe spined region............ T. wnbella sp. nov.
Sharp. comb-like leeth in the outer vagina, smaller
proximally: cirrus with long unspined distal region with
prominent longitudinal folds about same length as the
spined region. .............. T. breviumbella sp. nov.
10. A single row of cusp-like teeth that ring the distal opening
of the outer vagina, otherwise lacking tecth. . ... ... 11
Lacking a single row of cusp-like teeth that ring the distal
opening of the outer vagina; with rows and eolumns of

fES 0 000 00 00000008900000500060080000000 5040 12

11. About 6 cusp-like teeth present. .. .. T, verruca sp. nov.
About 8 eusp-like teeth present. .. ... T. alpina sp. nov.
12. Outer vagina with about 4 rows of large, teeth; cirrus
introvertlarge................. T. muenifica sp. nov.
Outer vagina with about 2 rows of teeth

............... ve-veeo... I capricornia sp. nov.

Temnohaswellia novaczealandiac
(Haswell, 1888) (Fig. 4A-D)

Temmocephala novaezealandiae Haswell, 1 888: 284, pl. 22,
figs 10, 19.

Temnohaswellia novaezealandiae: Pereira & Cuocolo,

1941: 103,

ETYMOLOGY. Clearly for New Zealand, where both
worm and host are found.

MATERIAL. QMG211229-211233 (WM) from
Paranephrops zealandicus [unreg. host], Orokunui
Stream, Blueskin Bay, Dunedin (45°45°S 170°35°E), Jul.
1992, T. Dodgshun, HW/70% alc/Hx: [QMW26676],
QMG221175-221179 (WM). McRaes Ck, Otago, New
Zealand (45°48.0°S 170°25.1°E), 5.10.1996, K. Garrett,
100% alc/Un; QMG221167-221168, 221171221174
(CP) 100% alc/Fau; QMG221169-221170 (CP) 100%
ale/Faw/Alcian Blue; QMG221180-221184 (CP), 100%
alc/Fau. QMG221191-221194 (CP) from Paranephrops
zealandicus [unreg. host], Taicri R. trib., Otago, S Island,
New Zealand, ca Nov. 2002, J. Hollows, 100% alc/Fau.

DESCRIPTION. Temmnohaswellia  novae-
zealandiae was described by Haswell (1888)
and revised by Haswell (1893, 1924), Merton
(1914) and Fyfe (1942). The description is updated
here from fixed specimens with reference to these
previous works, particularly that of Fyfe (1942).

General Anatomy. Characteristics of genus, but
lacking pigment in young worms (except for brown
intestine), with light brown pigment distributed in
dorsal bady and not concentrated around the eye
region. Selected body measurements of specimens
from Paraneplirops zealandicus are: QMG221175:
B(3019 x 1938), LE(1999), PH(545 x 683),
SD(797), PD(480); QMG221176: B(3550 > 2081),
LE(2387), PH(691 x 715), SD(854), PD(537).
QMG221177: B(2203 = 1673), LE(1754), PH(520
x 528), SD(423), PD(650). QMG221178: B(1897
x 1714), LE(1469), PH(419 x 593), SD(602),
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PD(366); QMG221179: B(3774 x 1489),
LE(2509), PH(748 x 650), SD(268), PD(268).

Reproductive System. Female. Vagina: Outer
region with teeth, arranged in very numerous
columns and rows of large, wide based, triangular
teeth [as figured by Haswell (1893: plate X1V, fig
3); Fyfe (1942: plate 22)] with often rounded tip.,
smallest distally and proximally. Distal vagina
very thiekly muscled.

Male. Cirrus: General form as figured by Haswell
(1893: plate X111, fig. 17). Shalt cone-shaped.
Introvert essentially as figured by Haswell (1893:
plate X111, fig. 18), cone to scoop-shaped; distal
opening slightly oblique to oblique [as figured
by Haswell (1893: plate X111, fig. 18)]. Unspined
distal region absent, but with distinet thickened
rim at point of insertion of introvert eversion
musele. Swelling even [as figured by Haswell
(1893 : plate XI111, fig. 18)], extends proximally
well past introvert base on both sides, slightly
farther on longer side. Distal spines project
conspicuously past distal tip of fully inverted
introvert [as figured by Haswell (1893: plate X111,
fig. 18); Fyfe, (1942: plate 22)]. Seleeted cirrus
measurements of speeimens from Paranephrops
zealandicus are; QMG221169: S(602 < 181), 1(116
x 5§9), 1S(244 = 197); QMG221170: S(411 * 167),
1(114 % 59), [S(na x 71); OMG221171: 5(392 x
122), 1(130 % 55), 1S(203 x na).QMG221180:
S(367 x 93), 1(100 x 51), [S(181 x 122);
QMG221181: S(533 x 183), I(102 x 47), 1S(167
x 163); QMG221182: S(413 x 157), [(102 x 51),
1S(152 x 132); QMG221183: S(551 = 128). 1(108
x 51). [S(254 x 234).

HOSTS. Paranephrops spp.

DISTRIBUTION. New Zealand: from streams of the
North and South Islands.

REMARKS. Haswell (1888) listed Zemno-
haswellia novaezealandiae as a new species
but provided an incomplete description bascd
only on fixed speeimens. Haswell (1893, 1924)
and Merton (1914) subsequently updated the
original deseription and Fyfe (1942) provided
a comprehensive account of the anatomy and
systematics of the species. More recently,
considerable work has been done on the
ultrastucture of the species (see for example,
Williams (1975, 1982, 1985 and refercnces

therein).
Type speeimens of Temnohaswellia novae-

zealandiae were not found by officers at any of
the following institutions deemed to be likely
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FIG. 4. Temnohaswellia novaezealandiae A-C, Nomarski interferenee eontrast photomierographs of Faure’s
preparations. A, QMG221182, whole cirrus. Seale =250pm; B, QMG221182, vagina, scale = 250um. C,
QMG221182, introvert, seale = 100um. D, QMG221175, wholemounted speeimen showing light brown
body pigment, scale = lmm.
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repositories for material examined by Haswell: The
Otago Museum, Dunedin, NZ; The Cantebury
Museum, Christchurch, NZ; The Auekland
Museum, Auckland, NZ: The Museum of
Wellington City & Sea. Wellington, NZ; and The
Australian Museum, Sydney. There is, however.
little doubt that the worms redescribed here are
specimens of Temmohaswellia novaezealandiae
whieh remains the only speeies of the genus known
from New Zcaland. We obtained specimens from
the host Paraneplirops zealandicus, which was
the host species from whieh Fyfe (1942) obtained
living and preserved speeimens.

The worms are larger than all the Australian
species examined in the present study.

Body pigment was observed to oceur only in
large specimens: it is comprised of fine, light
brown granules with an uneven, slightly clumped
distribution. Fyfe (1942), who observed live
worms, deseribed the body pigment as greenish-
grey or brown. The eyes ol Temnohaswellia
novaezealandiae are discrete and comprised of
granules of a dark brown pigment. The eyes lack
a coneentration of body pigment around them.
In other species of Temnohaswellia with body
pigment, the pigment is most concentrated around
the eye region and sometimes closely assoeiated
with the eyes. often in thick traets.

Haswell (1893: plate XIII, figs 17-18) drew
the eirrus of Temnohaswellia novaezealandiace
as long slender and eurved while Fyfe (1942)
deseribed the organ as L-shaped and figured it
so (Fyfe, 1942: plate 22). We do not consider the
curvature of the cirrus as a very reliable taxonomic
character, particularly in species that have a long
cirrus shaft. In sueh species, the curvature varies
between individuals from the same locality, ranging
from nearly straight to considerably eurved. The
curvature appears to be influeneed by the size of
the organ and by fixation, and is frequently more
pronounced in wholemounted spceimens where
muscle contraction may influence the final shape.

The rows and columns of large teeth in the outer
vagina of this speeies are much more numerous and
extensive than those observed for any Australian
species. Consequently, for Temmnohaswellia
novaezealandiae, the exact number could not
be determined even Irom specimens mounted
in Faurc’s medium. The shape of the teeth is
somewhat variable within and betwcen individuals
and is apparently influeneed by the extent to which
the rows are eompressed in the speeimen being
examined. In some wholemounted speeimens
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and speeimens mounted in Faure's medium they
appear almost as papillate crenulations (e.g. Fig.
4B) whereas 1 others they can appear more
triangular as figurcd by Haswell (1924: plate LV,
fig. 11), or even as rectangular with a triangular
tip such as figured by Haswell (1888: plate XXIlI,
fig. 19) and Fyfe (1942: plate 22). In this speeies
the teeth are largest eentrally and smaller both
proximally and distally, suggesting they may be
added with growth (= age).

Temnoliaswellia alpina sp. nov.
(Fig. 5A-D)

ETYMOLOGY. Latin alpinus = of the high mountains;
referring to thc Australian Southern Alps where the
species oceurs.

MATERIAL. HOLOTYPE: QMG220149 (WM),
from Eunastacus rieki [QMW26644). Wragges Ck on
Kosciusko Rd 5km NE Perisher Valley, Kosciusko
(36°22.9°S 148°27.4'E), 18.03.2002, K.B. Sewell,
70% ale/Un. PARATYPES: QMG220150 (WM),
70% alc/Un; [QMW26645]. QMG220151 (WM),
14.10.1991. L.R.G. Cannon & K.B. Sewell, HW/Form/
Hx. OTHER MATERIAL FROM TYPE LOCALITY;
[OMW26644] QMG220152 (WM), 18.03.2002, K.B.
Sewell, 70% alc/Un; [QMW26645], OMG220153
(WM). 14.10.1991, L.R.G. Cannon & K.B. Scewcll,
HW/Form/Hx: [QMW26644], QMG220154-220156
(CP). 18.03.2002, K.B. Sewell, 100% al¢/Fau. OTHER
MATERIAL. From Euastacus sp. NSW: [unreg. host|
AMW28691-28692 (WM), Blue Pools, N of Tantangara
Dam, Snowy Mts (35945°S 148°39°E). 23.02.1969. J.
Bceman, unknown fixation/Hx; AMW28693- 28694
(LS[2.2]). unknown fixation/MB/H&E.

DESCRIPTION., Characteristics of genus but
lacking body pigment exeept for thinly seattered
pigment between the eyes. Seleeted body
measurcments of type speeimens from Enastacus
rieki arc: QMG220149: (H): B(1929 % 934),
LE(1408), PH(497 x 386), SD(386). PD(223);
QMG220150: (P): B(1236 »x 707). LE(894),
PH(236 % 293),SD(317), PD(179): QMG220151:
(P): B(1057 x 455), LE(683), PH(187 x 293),
SD(203), PD(89).

Reproductive System. Female. Vagina: Outer
region with single row of about 8 cusp-like teeth.

Male. Cirrus: Shalt eone-shaped. Introvert
cylinder-shaped: distal opening oblique.
Unspined distal region about one fifth length
of introvert longer side. Swelling uneven,
asymmetrieal, wider on longer side, extending
proximally slightly past introvert basc on
longer side and just past introvert basc on
shorter side. Selected cirrus measurements of
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FIG. 5. Temnohaswellia alpina sp. nov. A-B, Nomarski interfcrence contrast photomicrographs of Faurc’s
preparations. A, QMG220156, wholc cirrus and vagina (arrowhead), scale = 250pm; B, QMG220156,
introvert with short unspined distal region (arrow) and vagina with cusp-like teeth (arrowhead) in the outer
region of the distal vagina, scale = 100pm; C, QMG220149, anterior end of worm showing thin scatter of
pigment betwecen eyes (arrowhead), scale = 500pm; D, AMW28693, longitudinal section through vagina
showing cusp-like teeth in the outer region of the distal vagina (arrowhcads), scale = 50pum.

specimens from Euastacus rieki from the type
locality are: QMG220149 [WM]: S(89 x 47),
10104 x 37), U(22), IS(na x na); QMG220154
[juvenile]: S(14 x 41), 1(108 x 41), U(22), 1S
(na x na); QMG220155 [juvenile]: S(O % na),
1(102 % 37), U(20), IS(na % na); QMG220156:
S(264 x 91), 1(114 x 42),U(22). 1S(60? x 4).

HOSTS. Euastacus ricki, Euastacus sp.

DISTRIBUTION. South-castcrn NSW — from the
Australian Alps region: Mt Kosciuska NP at Wragges
Ck; and N of Tantangara Dam at Bluc Pools.

REMARKS. The worms are morphologically
close to Temnohaswellia simulator, but in T,

alpina sp. nov. the outer vagina lacks numerous
rows and columns of teeth, thc cirrus introvert
is longer, and the worms have no body pigment
other than that between the cyes.

Temnohaswellia breviumbella sp. nov.
(Fig. 6A-B)

ETYMOLOGY. From Latin brevis = short and
umbella = parasol; a reference to the unspined distal
region of the introvert that resembles a short folded
parasol or umbrella.

MATERIAL. HOLOTYPE: QMG220054 (CP), from
FEuastacus bidavwalus [QMW26588], Dingo Ck, crossing
on Euchre Valley Drive, Lind NP, VIC (37°34.7°S
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