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Introduction 
 
 

The parasites of reptiles are poorly known in South Africa. Dr. Stephan Hering-

Hagenbeck came to this country to initially do the helminths of nyalas, but I 

convinced him to rather do the helminths of reptiles. He sought, and got, permission 

to collect from a number of geographical regions, and recorded a whole host of new 

species. I was one of his co-promoters, and some of the funding was borne by my 

laboratory. What follows is a selection of the papers that were published from his 

PhD thesis on snakes and lizards.  

 

As stated earlier, Dr Junker arrived in South Africa to do the pentastomid parasites of 

fish and crocodiles. Again, a selection of papers produced as result of her research 

on pentastomids and the results of some routine identifications or crocodile helminths 

are presented here. 

 

The section is arranged in two chapters, the helminths and pentastomes, and within 

each chapter the papers are listed firstly by the species descriptions in chronological 

order and then by the helminth communities, also chronologically. 
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INTRODUCTION

A number of gastrointestinal nematodes from croc-
odilian hosts have been reported in the literature 
(Baker 1983). Amongst these the ascaridoid nema-
todes belonging to the subfamily Heterocheilinae and 
Anisakinae are some of the most prominent spe cies 
(Sprent 1977, 1978, 1979a, b).

Eight of the 11 genera are included in the subfamily 
Heterocheilinae parasitize crocodilians, namely Brevi-
multi caecum Mozgovoy, in Skrjabin, Shikhobalova 
& Mozgovoy, 1952, Dujardinascaris Baylis, 1947, Ge-
doelstascaris Sprent, 1978, Hartwichia Chabaud & 

Bain, 1966, Multicaecum Baylis, 1923, Ortleppascaris 
Sprent, 1978, Trispiculascaris Skrjabin, 1916 and 
Typhlophorus Von Linstow, 1906 (Sprent 1983). The 
genus Terranova Leiper & Atkinson, 1914 is included 
in the subfamily Anisakinae (Sprent 1979a).

The genera Hartwichia and Trispiculascaris have as 
yet only been recorded from the African continent, 
while Brevimulticaecum occurs in South and North 
American crocodilians, and Typhlophorus seems ex-
clusive to India. Gedoelstascaris and Multicaecum 
have both been found in Africa and Australasia, 
whereas Ortleppascaris is known from African as 
well as South and North American hosts.

To date, Terranova and Dujardinascaris are the only 
ascaridoid genera occurring throughout the entire 
range of the crocodilians’ geographic distribution, 
with representatives in the Neotropics, Africa and 
Aus tralasia (Sprent 1977, 1978, 1979a, b, 1983). 
Even genera with a wide geographic distribution are 
generally characterized by strict species separation 
with respect to the various geographic areas. Multi-
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caecum agile (Wedl, 1861) Baylis, 1923 and Ter ra-
nova crocodilii (Taylor, 1924) Hartwich, 1957, in fact, 
are the only two species that have been listed from 
Africa as well as Australia.

In this paper we report on some nematodes recov-
ered from the stomach contents of Nile crocodiles, 
Crocodylus niloticus Laurenti, 1768, in Botswana.

MATERIAL AND METHODS

During August 2003 to August 2005 a study was 
conducted by one of us (K. Wallace) on the compo-
sition of the diet of Nile crocodiles from the Okavango 
River, Botswana. The stomach contents of the croc-
odiles were pumped into separate containers and 
macroscopically examined. Nematodes present in 
these contents were collected and fixed in 70 % eth-
anol. They were subsequently cleared in lactophenol 
and identified using the descriptions of the authors 
listed below. Nematodes were recovered from 57 
crocodiles.

The results compiled herein are not based on a com-
plete collection of the helminth parasites, for which 
the hosts would have had to be sacrificed, but rep-
resent incidental findings from the stomach contents 
of the various crocodile hosts.

RESULTS

The ascaridoids Dujardinascaris madagascariensis 
Chabaud & Caballero, 1966, Dujardinascaris dujar-
dini (Travassos, 1920), M. agile and Gedoelstascaris 
vandenbrandeni (Baylis, 1929) Sprent, 1978 were 
re covered from the crocodiles. One male and one 
female specimen of the dioctophymatoid genus 
Eustrongylides Jägerskiöld, 1909 were present in a 
single host.

Helminth diversity was low in the Nile crocodiles ex-
amined, with the genus Dujardinascaris being the 
most commonly encountered. Dujardinascaris mada-
gascariensis was recovered from most of the infect-
ed hosts, while the remaining species, D. dujardini, 
G. vandenbrandeni and M. agile, only occurred in a 
few (1–3) of the crocodiles.

The majority of the crocodiles (46) were only parasi-
tized by one ascaridoid species, usually Dujardi nas-
caris madagascariensis. Two of the ascaridoid spe-
cies were present at the same time in only six hosts. 
Multiple infections with more than two species per 
host were not encountered.

DISCUSSION 

While it is difficult to distinguish between some of 
the females of the various Dujardinascaris spp., D. 
madagascariensis is distinct from the other four Afri-
can species in that the vagina opens through a dis-
tinct papilla between the lips of the vulva. In some of 
our specimens remains of copulatory cement could 
still be observed on the papilla. The majority of the 
male specimens were assigned to D. madagasca r i-
ensis on the basis of the length of their spicules. 
The spicules of D. dujardini are distinctly longer than 
those of D. madagascariensis, whereas the spicules 
of both Dujardinascaris gedoelsti Sprent, 1977 and 
Du jardinascaris puylaerti Sprent, 1977 are consid-
erably shorter (Sprent 1977). Dujardinascaris pet-
terae Sprent, McKeown & Cremin, 1998 has short, 
unequal spicules (Sprent, McKeown & Cremin 1998). 
A single male specimen possessed the typical trifur-
cate gubernaculum of D. dujardini and a single fe-
male with a sinuous vagina, but without a vaginal 
papilla was assigned to the same species.

All the parasites reported in this study have previ-
ously been reported from crocodiles.

Dujardinascaris dujardini has been recorded from C. 
niloticus and Crocodylus cataphractus from Afri ca, 
as well as from Crocodylus porosus in India (Ya ma -
guti 1961). Sprent (1977) lists “crocodile” as its type 
host and the Nile crocodile as additional host from 
Zambia and the Democratic Republic of the Congo. 
More recently, D. dujardini was reported from C. nilo-
ticus from Egypt (El-Dien Mahmoud 1999). Dujar din-
a sceris madagascariensis is listed from C. niloticus 
and C. cataphractus in Madagascar, Angola and the 
Democratic Republic of the Congo (Sprent 1977). 
However, the recovery of D. dujardini and D. mada-
gascariensis from crocodiles in Botswana represents 
a new geographic record for these parasites.

Three additional representatives of the genus Dujar-
dinascaris have been reported from the African con-
tinent. Sprent et al. (1998) described D. petterae from 
Osteolaemus tetraspis in the Congo. Dujardinascaris 
gedoelsti Sprent, 1977 and D. puylaerti Sprent, 1977 
were collected from C. niloticus in the Republic of 
the Congo (Sprent 1977). The latter species was also 
present in Zambia (Sprent 1977). None of the above 
three species was recovered from crocodiles in Bo-
tswana.

Gedoelstascaris vandenbrandeni is one of two spe-
cies that Sprent (1978) removed from the genus Du-
jardinascaris and placed in a new genus, namely 
Ge doelstascaris. Gedoelstascaris vandenbrandeni 
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occurs only in African crocodiles and has been re-
corded from C. niloticus and C. cataphractus in 
Angola, Zambia and the Democratic Republic of the 
Congo. Its Australian counterpart, Gedoelstascaris 
australiensis (Baylis 1931) Sprent, 1978, parasitizes 
Crocodylus johnstoni and C. porosus and has been 
found in hosts from Australia as well as the Solomon 
Islands (Sprent 1978). There are no previous records 
of G. vandenbrandeni in Botswana.

Of the four ascaridoid nematodes found in this study, 
M. agile is the only one with a geographic distribu-
tion extending beyond the African continent and uti-
lizing hosts other than African crocodilians. Its type 
host is C. niloticus from Egypt, but it has also been 
recovered from C. cataphractus and was recorded 
from the Republic of the Congo, Zambia and Zim ba-
bwe. Hosts from the Australasian region are C. pa-
lus tris, C. johnstoni and Gavialis gangeticus. India 
and Australia are listed as localities (Sprent 1979b). 
Botswana constitutes a new geographic record for 
M. agile.

Literature regarding the prevalence and intensity of 
gastric nematode infections in crocodiles and alliga-
tors is scant and the data on both are somewhat 
variable (Cherry & Ager 1982; Ladds & Sims 1990; 
Goldberg, Bursey & Aquino-Shuster 1991). The lat-
ter might be explained by the fact that not many con-
cise studies regarding the gastric nematode fauna 
of crocodilians have been conducted and findings 
often represent the data from few or single hosts.

Ladds & Sims (1990) report a prevalence of 41 % for 
Dujardinascaris mawsonae Sprent, 1977 in young 
crocodiles belonging to two species, C. porosus and 
Crocodylus novaeguineae, in Papua New Guinea. 
The range of intensity of infection is given as 1–20, 
but as many as 60 and 100 worms were recovered 
from two crocodiles in good condition. Histological 
examination of the gastric wall revealed the pres-
ence of Capillaria sp. in 60 % of the hosts. 

Dujardinascaris waltoni Sprent, 1977 was the only 
nematode parasite present in Alligator mississippi-
ensis in South Florida. It was collected from 93 % of 
the hosts and the mean intensity of infection was 
high (89 %), with a maximum burden of 413 speci-
mens per alligator (Cherry & Ager 1982).

Contrary to our findings, Dujardinascaris was the 
least prevalent ascaridoid genus in Caiman yacare 
in Paraguay, but was nevertheless the one with the 
highest mean intensity of infection. Brevimulticaecum 
baylisi Travassos, 1933 had the highest prevalence 
followed by Ortleppascaris alata Baylis, 1947 (Gold-

berg et al. 1991). The genus Brevimulticaecum is 
exclusive to caimans and alligators in the New World 
(Sprent 1979). The genus Ortleppascaris is repre-
sented in Africa by a single species, Ortleppascaris 
nigra Gedoelst, 1916 from C. niloticus and C. cata-
phractus (Sprent 1978), but was not present in the 
crocodiles in Botswana.

No clear picture regarding the occurrence of multi-
ple infections with ascaridoid nematodes emerges 
from the literature. Some authors report single spe-
cies infections (Cherry & Ager 1982; Ladds & Sims 
1990), while others list three or four species, with-
out, however, specifying how many of these were 
recovered per individual host (Goldberg et al. 1991; 
Scott, Simcik & Craig 1997). Scott et al. (1997) ex-
amined the helminth fauna of 50 American alliga-
tors and came to the conclusion that the infracom-
munity structure was “depauperate when compared 
to homoiothermic hosts”, a statement which com-
plies with the well documented fact that the helminth 
diversity of reptiles, in general, is less pronounced 
than that of mammalian and avian hosts (Hering-
Hagenbeck & Boomker 2000).

With the exception of Eustrongylides sp., all the para-
sites were collected from their typical predilection 
site in the host, but D. dujardini, D. gedoelsti and G. 
vandenbrandeni have also been reported from the 
intestine (Sprent 1977; Sprent et al. 1998). The ge-
nus Eustrongylides occurs in the wall of the proven-
triculus of its piscivorous avian final hosts and uti-
lizes fish as intermediate hosts (Measures 1987).

Little is known about the life-cycle of any of the para-
sites found during this study, but fishes seem to play 
an important role as intermediate hosts of all the spe-
cies (Sprent 1977, 1978, 1979a, b). Studies on the 
stomach contents of Nile crocodiles reveal a signifi-
cant change in their feeding habits as the individu-
als grow larger. Despite this ontogenetic food-shift, 
fish remain one of the most important dietary items 
throughout the crocodiles’ lifespan. Fish were found 
in the stomachs of 60 % of crocodiles ranging from 
2.5–3.0 m in total length, and fish were still recov-
ered from nearly 40 % of specimens > 4.5 m, (Ross 
1989; Alderton 1992). As one of the main prey items, 
fish would appear to be the intermediate host of 
choice to ensure the successful completion of the 
life-cycle of these gastric nematodes.
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During a study conducted between 2003 and 2005 
on the composition of the diet of Nile crocodiles, 
Crocodylus niloticus Laurenti, 1768, in Botswana, 
nematode parasites were collected from their stom-
ach contents and identified (Junker, Wallace, Leslie 
& Boomker 2006). Two large young adult specimens 
of the genus Eustrongylides Jägerskiöld, 1909, one 
male and one female, were recovered from a single 
crocodile only (Fig. 1).

The male is 110 mm long, 650 μm wide; posterior 
part with subterminal constriction; ventral precloacal 

sucker; caudal bursa with peripheral cuticular orna-
mentation, similar to that described for the genus 
(Karmanova 1968; Measures 1988a); ejaculatory 
duct identified but not the spicule.

The female is 122 mm long, 1 000 μm wide; vulva 
opened, close to anus; anus on a flattened terminal 
protruberance, which is 35 μm high.

The specimens are deposited at the Muséum Natio-
nal d’Histoire Naturelle Paris, Access number 169 
JW. 

This is a somewhat unusual finding since the genus 
Eustrongylides usually occurs in the wall of the pro-
ventriculus of its piscivorous avian final hosts and 
utilizes oligochaetes as intermediate hosts, in which 
it reaches the third larval stage (Anderson 2001). 
Fish subsequently serve as paratenic hosts in which 
the parasites reach the fourth stage and continue to 
grow. At this stage the reproductive system is highly 
developed (Measures 1988b; Anderson 2000). Coy-
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Eustrongylides sp. (Nematoda: Dioctophymatoidea) from Crocodylus niloticus Laurenti, 1768, in Botswana

ner, Spalding & Forrester (2002) found that fish could 
serve as intermediate as well as paratenic hosts for 
Eustrongylides ignotus Jägerskiöld, 1909.

Only a few publications refer to Eustrongylides sp. 
from crocodilian hosts. Ladds & Sims (1990) found 
immature Eustrongylides sp., 30–35 mm in length, 
free in the abdomen of two of 54 crocodiles in Papua 
New Guinea and Goldberg, Bursey & Aquino-Shuster 
(1991) report Eustrongylides sp. from the stomach 
contents of three of 115 wild-caught Caiman yacare 
(Daudin, 1802) in Paraguay. However, they could not 
determine whether the specimens of Eustrongylides 
they collected were recently released from interme-
diate host cysts and were likely to die, or whether 
they may have survived, with C. yacare becoming a 
paratenic host.

Similarly, our data is insufficient to decide whether 
the presence of Eustrongylides sp. in the stomach 
of the crocodile is accidental or represents an unu-
sual life-cycle. Without the benefit of further life-cy-
cle studies, it would appear as if the crocodile had 
ingested an infected fish and that the parasites were 

released from their host during the digestive proc-
ess or had actively started migrating upon the death 
of their host. Considering that the specimens were 
adults, albeit immature, one could also speculate 
that the crocodile had ingested an infected water-
bird. However, no remains of feathers were found in 
the stomach contents of the crocodile (Kevin Wal-
lace, personal communication date?).

A substantial portion of the diet of Nile crocodiles, 
ranging from very small to large in size, is made up 
of fish, with aquatic birds also forming part of their 
diet (Ross 1989; Alderton 1999). It is thus not too 
surprising to find fish or bird parasites in a croco-
dile’s stomach.

Little information is available on the prevalence of 
Eustrongylides in African paratenic as well as final 
hosts, and despite Measures’ (1988a) revision of the 
genus, many taxonomic problems remain unsolved. 
She only confirmed three species, namely Eustrongy-
lides tubifex (Nitzsch in Rudolphi, 1819) Jägerskiöld, 
1909, Eustrongylides excisus Jägerskiöld, 1909 and 

A

B

C

D

E

20
12

5

75

FIG. 1 Eustrongylides sp.. Caudal extremities of immature adults. A–C Male. A: Ventral view. 
B: Left lateral view. C: Internal peripheral ornamentation of the caudal sucker. D–E 
Female. D: Subventral view. E: Right lateral view. Note that the anus is situated on a 
terminal protruberance. Scales in μm: A, B = 125; C = 20; D, E = 75

 
Page 583

 
 
 



317

K. JUNKER, O. BAIN & J. BOOMKER

E. ignotus and declared nine species as species in-
quirendae.

A 26.5 % prevalence of larvae of Eustrongylides afri-
canus Jägerskiöld, 1909, one of the species consid-
ered doubtful by Measures (1988a), and which is 
only known by the female, has been reported in cat-
fish, Clarias gariepinus (Burchell, 1822) as well as 
Cla rias anguillaris (Linnaeus, 1758), from the Bida 
floodplain of Nigeria (Ibiwoye, Balogun, Ogunsusi & 
Agbontale 2004). The latter authors indicate that fish 
can serve as intermediate, reservoir and as final 
hosts. 

Eustrongylides africanus has also been recorded as 
part of the parasite fauna of two of six marabou 
storks, Leptoptilus crumeniferus (Lesson, 1831), in 
Uganda (Moriearty, Pomeroy & Wanjala 1972) as 
well as in Ardea goliath Cretzschmar, 1829, Pele-
canus rufescens Gmelin, 1789, and Anhinga mela-
no gas ter (Daudin, 1802) in the Sudan (Measures 
1988a).

Eustrongylides sp. has been recovered from fish at 
Lake Tana, Ethiopia (Eshetu & Enyew 2003). Asanji 
(1990) examined 2 576 C. gariepinus in Cameroon 
and found an overall prevalence of infection of 
68.9 %. The latter author reports that cysts contain-
ing various larval stages were present in the mus-
cles and visceral organs.

While the above indicates that Eustrongylides sp. is 
indeed quite common and wide-spread on the Afri-
can continent, it equally emphasizes the paucity of 
data available on this parasite in Africa. It is to be 
hoped that an effort will be made to rectify this and 
to clarify the uncertain systematic status of, amongst 
others, E. africanus.
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Abstract

A single male and several adult females of the pentastomidLeiperia cincinnaliswere recovered from the trachea
of five of six Nile crocodiles examined in 1995 and 1998. Infective larvae, pre-adult males and females, as well
as mature males, occurred in clusters in the pulmonary artery but infective larvae and pre-adult females were also
occasionally taken from the lungs. Irrespective of the developmental stage, the intensity of infection was 3, 6,
48, 72 and 79. Sixty-four percent of eggs recovered from the posterior part of the uterus of a patentL. cincinnalis
female contained fully-developed primary larvae and these were used to infect 24 Mozambique breamOreochromis
mossambicus. Within a week of infection all the fish died and hatched primary larvae were recovered from the
stomach and anterior part of the intestine. Eggs that had not hatched were found to be unsegmented. The total
primary larval count in seven fish was 18, 12, 1, 25, 16,>40 and>50. Descriptions with detailed measurements
are given of the females, the males, the eggs, the primary larvae and the infective larvae ofL. cincinnalis.

Introduction

Leiperia cincinnalisSambon, 1922 (syn.Reighardia
cincinnalis Vaney & Sambon, 1910) (Pentastomida)
is common in Nile crocodilesCrocodylus niloticus
Laurenti on the African continent (Sambon, 1922;
Heymons, 1940; Fain, 1961; Junker, 1996). Although
known for a long time, little information was available
on the life-cycle ofL. cincinnalisand the descriptions
given were often inadequate. Riley & Huchzermeyer
(1996) re-assessed the genusLeiperia Sambon, 1922
and re-examined material ofL. cincinnaliscollected
by various authors. None of the collections included
mature males, but the morphology of the females,

∗Author to whom correspondence is to be directed.

nymphs and pre-adults were described in considerable
detail (Riley & Huchzermeyer, 1996).

In 1995 and 1998 experimental and field stud-
ies were conducted on pentastome infections of fish
and crocodiles in the Kruger National Park (KNP)
in South Africa (Junker, 1996; Junker, Boomker &
Booyse, 1998a,b). Although the pentastome genera
AlofiaGiglioli, 1922 andSebekiaSambon, 1922 were
recovered from the crocodiles, in this paper we de-
scribe our findings and present additional data on the
measurements and morphology of the females and the
infective larvae ofL. cincinnalis. The eggs and pri-
mary larvae are also described, and observations on
the life-cycle are provided. The morphology of the
males ofL. cincinnalisis described for the first time.
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Table 1. Collection data of Nile crocodiles from the Kruger National Park.

Host number Date collected Locality Sex Length (m) Condition

A/95 22/2/95 Phabeni Dam (25◦1′ S, 31◦15′ E) M 3.2 good

B/95 27/6/95 Shimuwini Dam (23◦42′ S, 31◦17′ E) M 3.3 emaciated

1/98 10/6/98 Silwervis Dam (23◦13′ S, 30◦12′ E) F 2.8 good

2/98 10/6/98 Silwervis Dam (23◦13′ S, 30◦12′ E) M 2.4 good

3/98 10/6/98 Silwervis Dam (23◦13′ S, 30◦12′ E) F 3.2 good

4/98 10/6/98 Silwervis Dam (23◦13′ S, 30◦12′ E) F 2.7 good

F, Female; M, Male.

Materials and methods

The collection data of the crocodiles examined are
listed in Table 1. The crocodiles from the Phabeni
and Silwervis Dams were caught in a baited cage and
immobilised with gallamine triethiodide (FlaxedilTM)
before they were shot. The specimen from the
Shimuwini Dam was killed with a single shot through
the brain.

The nasopharynx, trachea, lungs, heart and aorta
of each crocodile were examined. After removal of
the trachea and the oesophagus, the nasopharynx, es-
pecially the area just above the internal nostrils, was
visually checked for pentastomids belonging to the
genusSubtriquetraSambon, 1922. The trachea was
opened lengthwise and allLeiperia removed. The
lungs were cut open along the bronchi and bronchioles
using a pair of scissors and placed into trays containing
phosphate buffered saline (PBS). Pentastomes were ei-
ther removed directly from the lung tissue or collected
from the PBS after migrating out of the lungs.

The heart and its blood vessels were cut open and
the chambers and inner surface of the blood vessels
examined.

For morphological studies pentastomes were fixed
and stored in cold 70% ethyl alcohol, and later
mounted and cleared in Hoyer’s medium. Those pen-
tastomes used for infection of the intermediate fish
hosts were kept in PBS.

Twenty-four Mozambique breamOreochromis
mossambicusPeters (50–70 mm long, obtained from
a local breeder) were infected with eggs ofL. cincin-
nalis from the crocodile from the Phabeni Dam. Eggs
were collected from the posterior part of the uterus and
concentrated in regular tap-water. In order to check the
viability of the eggs, a drop of the egg-suspension was
heated to 30◦C and the number of hatched larvae was
estimated.

Groups of four bream each were placed into one-
litre beakers supplied with air stones and filled with
600 ml of water. To each beaker a drop of the
egg-suspension was added. The fish were infected
overnight and all died after 6–8 d. Within a few hours
of death the abdominal cavity of each fish was opened
by ventral incision and rinsed over a 38µm sieve.
The stomach, intestine and swim-bladder of each were
placed between two perspex slides exerting light pres-
sure. These, as well as the residue on the sieve, were
examined under a stereoscopic microscope.

Results

Leiperia cincinnalisis a common pentastome in the
Nile crocodile and five of six crocodiles examined in
this study harboured this parasite (Table 2 summarises
the numbers and developmental stages recovered from
the respective hosts).

Three adultL. cincinnalis females were attached
to the trachea and three infective larvae recovered
from the pulmonary artery of Crocodile A/95 while
Crocodile B/95 harboured 15 patent females in the
trachea and bronchi. A total of 64 immature instars
were recovered from the lungs, the heart and mainly
the aorta pulmonalis, where the immatures occurred
in two clusters.

A single infective larva ofL. cincinnaliswas found
in the lungs of Crocodile 1/98, and a cluster of
47 specimens, representing different developmental
stages together with cast cuticles, were recovered from
the aorta pulmonalis. Six of theLeiperia were fully-
developed males. In two other specimens well sclero-
tised cirrus tips were visible, but the single hooks, the
oral cadre and the copulatory spicules were hardly chi-
tinised. Eleven of the parasites were infective nymphs
carrying double hooks. Many of the specimens with
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Figure 1. A. Mature females attached to a bronchus of the crocodile from the Shimuwini Dam, Kruger National Park. B. The right anterior
hook and oral cadre of a mature female recovered from the same crocodile. The hook carries a distinct dorsal notch. C. Detail of the left hooks
of another mature female from the Shimuwini crocodile, possessing a prominent dorsal notch. D. The anterior part of a male (No. 4.18/98)
showing the hooks, the oral cadre and the copulatory spicules. The elaborate cirrus tips as well as the chitinised armoured tubes that form part
of the cirri are visible furthest right. E. Detail of the left posterior and anterior hook of the male recovered from the trachea (No. 2.3/98). The
hooks are flat-topped with only a slight indent in the dorsal margin. The anterior apodemes are lobe-like and permeated by pores (arrows). F.
Oral cadre of specimen No. 2.3/98 showing the numerous pores around the pharynx as well as the large anterior flanges (arrows).Scale-bars:
B,D, 400µm; C, 200µm; E, 100µm; F, 50µm.
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Figure 2. A. Right copulatory spicule (No. 4.19/98). The collar around the spatulate extension is heavily chitinised and carries rings of chitin.
The cirrus tip is flared (upper arrow) and accompanied by a strongly-chitinised scoop-like structure (lower arrow). B. The anterior part of an
infective larva, showing the large double-hooks and the comparatively small oral cadre. C. Eggs ofL. cincinnalisand two hatching primary
larvae. D. Detail of a primary larva and split inner egg membrane. E. Posterior end of female (No. 2.1/98) foundin copulashowing the eversed
vaginal lips (arrow). Part of the ruptured cirrus, visible as a transparent thread (left), is next to the abdomen. F. Cirrus tip of the male located in
the vagina of No.2.1/98. Note the prominent chloride cell pore caps on the cuticula of the female.Scale-bars: A,C,F, 100µm; B,E, 500µm; D,
50µm.
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Table 2. The numbers and developmental stages ofLeiperia cincinnalisrecov-
ered from Nile crocodiles in the Kruger National Park.

Host number Developmental stage Total

Females Males Pre-adults Infective larvae

A/95 3 0 0 3 6

B/95 15 0 7 57 79

1/98 0 6 30 12 48

2/98 2 1 0 0 3

3/98 0 0 0 0 0

4/98 7 10 22 33 72

simple hooks were still surrounded by the old cuticula
of the infective larva.

Crocodile 2/98 harboured two femaleL. cincin-
nalis in the trachea and a single male was found at-
tached next to one of the females. The cirrus tips were
absent and the anterior part of the spatulate extension
of both the copulatory spicules projected through the
anterior genital opening. One of the cirrus tips was
seen in the anterior third of the vagina of female No.
2.1/98 (Figure 2F) and the vaginal lips of the latter
specimen were still everted (Figure 2E). The female
was 4.5 cm long and 1 mm wide, and the abdomen was
only just beginning to coil. NoLeiperiawere found in
the pulmonary artery or the lungs.

No L. cincinnaliswere recovered from Crocodile
3/98, but Crocodile 4/98 harboured 72 specimens.
Eleven females, ranging in body length from 4.5 to
10.5 cm, were attached to the trachea and the uteri of
four, all of them less than 6 cm long, contained no
eggs, but the latter were present in the remainder. Two
prepatentLeiperiafemales were found in the lungs but
were damaged in the recovery process. The remain-
ing 59 specimens were collected from the pulmonary
artery, where they formed a cluster similar to that
found in Crocodile 1/98. A total of 15 males were iso-
lated from this cluster; 10 of these were fully mature,
but in the remainder the copulatory spicules were not
yet fully developed. One of the mature males was still
within the cuticula of the infective larva and the simple
hooks of another preceding instar were visible. The
sex of another 11L. cincinnalis, with simple hooks, re-
mained undetermined. In addition, 33 infective larvae
were present.

Six days after the experimental infection, twoO.
mossambicuswere found dead and during the follow-
ing two days all the fish died. Upon dissection, empty
egg shells or the primary larvae themselves were found

in the stomach and anterior part of the intestine. We
also recovered intact pentastomid eggs, the majority
of which were unsegmented. The primary larval count
in seven fish was 18, 12, 1, 25, 16,>40 and>50.

Leiperia cincinnalisSambon, 1922

Description

Females (Table 3)
The general morphology of the females ofL. cincin-
nalis examined in this study conformed largely to
that described by Riley & Huchzermeyer (1996).
Additional and comparative data are presented in Ta-
ble 3.

Every fully-mature, gravid female examined (n =
6) possessed hooks with a prominent dorsal notch
(Figure 1B,C). Two females recovered from the tra-
chea (No. 2.1/98 and No. 4.7/98, 5.5 cm long) had
hooks marked by only a slight indentation in the dorsal
surface. These specimens were considerably shorter
and had not reached patency. The hooks, as well
as measurements of the oral cadre of one specimen
(No. 4.7/98), were slightly smaller than those of the
patent females. An immature female from the aorta
pulmonalis carried flat-topped hooks, while those of
another specimen (No. 2.1/98) could not be measured.

Males(Table 4)
Well-fixed male specimens possessed a straight, cylin-
drical abdomen, tapering slightly to a rounded end.
The male recovered from the trachea was 2.0 cm long
while the body length of 3 males taken from the aorta
ranged from 1.8 to 2.0 cm.

Heavily chitinised fulcra supported the prominent
hooks (Figure 1E). In comparison to the length of the
hooks, the fulcra appeared rather broad and compact.
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Table 3. The main characteristics of femaleLeiperia cincinnalisrecovered from Nile crocodiles in the Kruger National Park in 1995 and 1998. For comparative purposes data of Riley
& Huchzermeyer (1996) and Junker (1996) are included. All measurements are in micrometres unless otherwise indicated.

Source Specimen number Number of annuli Body length (mm) Mouth dimensions Hook dimensions

Overall length Cadre length Width Hook length Base length Hook depth Fulcrum length

This paper 4.1/98 NM 105 920 727 285 NM NM NM NM

4.3/98 NM 100 925 750 322 313 259 NM NM

4.7/98a NM 55 690 552 212 262 203 86 528

4.9/98 NM 95 NM NM NM 353 267 94 644

2.1/95 NM NM 925 736 308 NM NM NM NM

2.2/95 NM NM 925 745 281 NM NM NM NM

Junker (1996) CWT2 NM 131 NM NM NM 354 NM NM 645

CWT3 100 110 824 689 275 348 NM NM 651

Lei3 100 120 915 750 NM 355 NM NM 703

Riley & Huchzermeyer (1996) 1947.12.1.57-59 NM NM NM NM NM 480 220 NM 810

1927.11.15.28-30 NM NM NM NM NM 463 218 NM 705

1932.7.22.1 NM 85? 1020 850 375 400 180 NM 640

aUterus devoid of eggs.
NM, Not measured.
The term “base length” in this paper refers to the same structure as the term “hook depth” used by Riley & Huchzermeyer (1996).
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Table 4. The main characteristics of the males ofLeiperia cincinnalisrecovered from Nile crocodiles in the Kruger National Park. All specimens were recovered from the pulmonary artery (AP),
excepting 2.3/98 from the trachea of Crocodile 2/98. For comparative purposes data of three immature males (1927.III.10-6-11) examined by Riley & Huchzermeyer (1996) are included. All
measurements are in micrometres.

Specimen number Mouth dimensions Hook dimensions Copulatory spicules

Overall length Cadre length Width Hook length Base length Hook depth Fulcrum length Total length Cowry shell length Width Length of armoured tube Number of grooves

4.18/98 432 340 106 194b 150b 90b 420b 782 607 NM 104 14

4.19/98 405 306 120 NM NM NM NM 757 612 NM 113 13

4.20/98 426 338 113 232a 166a 87a 437a 782 605 207a 108 14a

4.21/98 474 363 113 232a 163a 90a 426b 814 637 NM 115a 11

4.22/98 465 366 NM 240b 166b 78b 447b 817 621 202a 124a 13

4.23/98 460 343 124 216a 161a NM 431c 780 614 NM 115a 13

4.24/98 458 336 129 196b 153b NM 411 821 623 NM 127 12

4.25/98 451 331 120 189a 145a NM 423c 819 621 NM 133a 13

4.26/98 449 343 133 NM NM NM 432b 803 616 NM 120 14

4.27/98 446 331 120 244b 174b NM 407a 798 623 NM 133a 16

1.16/98 426 317 104 NM NM NM 428b NM 637 NM 110a NM

1.17/98 NM NM NM 216a 152a 90a NM 791a 607 NM 104 NM

1.18/98 NM NM NM 255a 182a 90a 437a 805a 649a NM NM NM

1.19/98 462 340 110 245c 171c 87c NM 837 637 NM 108 14

1.20/98 497 386 115 206b 158b 93b NM 787a 616a NM 101a NM

1.6/98 492 386 136 245c 169c 82c 453a 844 628 NM 129 12

Average (AP) 453 345 119 224 162 87 429 802 622 205 116 13

SD (AP) 26 23 10 23 11 5 14 24 13 NM3 11 1

2.3/98 405 320 127 273 170c 81c NM 780 614 NM NM 13a

1927.III.10-6.11d NM NM NM 290 NM 115 645 NM NM NM NM NM

NM NM NM 280 NM 120 600 NM NM NM NM NM

430 280 125 NM NM 120 580 NM NM NM NM NM

aOnly one feature was measured.
bOnly two features were measured.
cOnly three features were measured.
dAfter Riley & Huchzermeyer (1996).
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The anterior apodeme of the hooks widened into a
lobe-like structure permeated by numerous pores (Fig-
ure 1E). A certain degree of variability characterised
the hook morphology of maleL. cincinnalis(n= 17).
In some specimens the hooks were flat-topped, in oth-
ers only slight depressions were visible and in yet
others, hooks had a distinct dorsal notch. Flat-topped
hooks and hooks with a dorsal notch could at times be
seen in the same specimen. The hooks and fulcra of
the males were considerably shorter than those of the
females and the measurements were actually nearer
to those of the infective larvae (Junker, 1996). How-
ever, their gross morphology closely resembled that
of females. This was true of the oral cadre with its
characteristicLeiperia shape (Figure 1F). Starting in
the posterior third of the oral cadre, the lateral prongs
of the oral cadre merged gradually, giving it a V-
shaped profile (Riley & Huchzermeyer, 1996). Both
the large anterior flanges, as well as the area between
the sclerotized supports of the pharynx, possessed the
same pores as females (Riley & Huchzermeyer, 1996)
(Figure 1B,F).

The paired copulatory spicules were strongly chi-
tinised and the spatulate anterior extension carried
an average of 13 rings of chitin folds while the
collar around the neck of the latter extension was
marked by heavy chitinous rugosities (Figures 1D,
2A, 3A,B). The cirrus tip was “a flattened trumpet
of longitudinally-striated chitin” (Riley & Huchzer-
meyer, 1996) (Figures 2A, 3A,C) and the whole struc-
ture was demarcated from the remaining unmodified
section of the cirrus by “a short armoured tube sup-
ported by rings of chitin”, as described forLeiperia
australiensisRiley & Huchzermeyer, 1996 by the
latter authors. Parallel to the trumpet, and in close
association, a second chitinous structure was visible
(Figures 2A, 3C). This structure gave the impression
of a scoop with serrated sides rolled up towards the
mid-line. It was very similar in shape to the guber-
naculum ofSambonia lohrmanni(Sambon 1910) Noc
& Giglioli, 1922 (see Fain, 1961). While often sepa-
rated under cover-slip pressure, in some specimens the
trumpet ran through the scoop and the latter served as
a support.

Infective larvae(Table 5)
The distinctly elongate and slender body, together with
the rounded shape of the head, gave the infective
larvae of L. cincinnalis a characteristic appearance,
which sets it apart from other sebekiid larvae (Junker
et al., 1998a). As detailed descriptions of the morphol-

ogy of the infective larvae ofL. cincinnalisare avail-
able (Junker, 1996; Riley & Huchzermeyer, 1996),
we present only the main measurements of infective
larvae examined in this study.

Primary larvae
The primary larvae (Figures 2C,D, 3D) have a distinct
penetration apparatus located in front of the U-shaped
mouth ring, in the anterior part of the body. It consisted
of a lancet-shaped median stylet and 2 lateral stylets.
The latter were split into a Y-shaped tip with 2 blades.
Two pairs of stubby limbs were double-hooked and
the tip of the tail carried 2 minute chitinous terminal
thorns. Curled larvae measured 101± 7µm (n= 11),
but reached 122± 9 µm in length when the double-
hooked tail was extended. The width of the primary
larvae taken midway between the front and the hind
pair of limbs averaged 60± 5µm.

Eggs
The eggs ofL. cincinnalis(Figure 2C,D) consisted of
2 membranes: a spherical outer shell, 233± 14µm in
diameter which surrounded a hyaline substance; and
an ovoid inner membrane, 103±13µm long and 80±
7µm wide, which enclosed the primary larva.

Of the eggs recovered from the posterior part of the
uterus, 64% contained fully-developed primary larvae,
of which 19% hatched when warmed to 30◦C. When
placed into a hypertonic sugar solution the eggs lost
their spherical shape and shrivelled up. Depending on
the time of exposure, eggs would swell up again when
transferred back into regular tap-water.

Primary larvae hatched in 2 stages. Using its pen-
etration apparatus and the claws, the primary larva
started tugging at the inner membrane until it broke.
Subsequently, the larva stretched to its full length,
unfolding its ventrally curved tail, and started ran-
dom movements which split the outer egg membrane
lengthwise, setting the larva free.

Movements during the migration through host tis-
sue were stereotyped, and fore and hind extremities
were used alternately. While the anterior pair of limbs
pulled towards the body, the posterior limbs moved
away from the body in a downward motion. Sub-
sequently, the hind limbs were brought back to the
ventral side and the anterior limbs were spread widely.
At the same time the tail alternately stretched and
curled ventrally.
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Figure 3. A. Right copulatory spicule and cirrus tip (No. 4.18/98). B. Left copulatory spicule (No. 2.3/98). C. Detail of cirrus tip (No. 4.27/98).
D. Primary larva showing the penetration apparatus, the U-shaped oral cadre, the clawed limbs and the tail carrying two minute terminal thorns.
Scale-bars: A-C, 100µm; D, 25µm.
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Discussion

Leiperia cincinnaliswas the dominant pentastome
species in the three crocodiles from the Silwervis
Dam, but the intensity of infection was variable. In-
fective larvae and pre-adults recovered from the pul-
monary artery accounted for most of these infections
(Table 2).

The development ofL. cincinnalisin its final hosts
has been largely speculative. Rodhain & Vuylsteke
(1932) described tufts of double- as well as single-
hooked larvae attached to the aorta of a crocodile from
the Congo. Their reference to the genital apparatus
being more developed in the single-hooked specimens
suggested the presence of males, but, unfortunately,
these authors did not describe them. Rodhain & Vuyl-
steke (1932) discussed the possibility of an obligatory
developmental phase in the circulatory system, but
thought it exceptional rather than the rule. That it is
indeed a specific pattern of development within the
genus ofLeiperiahas since been confirmed inL. aus-
traliensis and by this study. We recovered infective
larvae, as well as young females, from the lungs. Thus
the lungs are a route of migration for the infective
larvae on their way to the cardio-vascular system and
for the adults on their way to their attachment sites in
the trachea. Considering the high numbers of infective
larvae and young adults often encountered in the pul-
monary artery, the question arises why comparatively
few adults are found in the trachea. This is especially
true for the males, which occur in substantial num-
bers in the cardio-vascular system, but hardly ever in
the trachea or lung. The relatively shorter life-span of
male versus female pentastomes may partly explain
this (Riley & Self, 1980; Riley, 1986; Junker et al.,
1998b). Whether the majority of pre-adults get lost
during migration, or whether an immune reaction from
the host reduces their number, will remain speculative
until more extensive studies can be undertaken.

A male and a femaleL. cincinnalis, recovered from
one crocodile were attached next to each other in the
trachea and probably had beenin copula but were
separated during recovery. We conclude thatL. cincin-
naliscopulate in the trachea and not in the circulatory
system; Riley & Huchzermeyer (1996) had already
stated their doubts as to the likelihood of such a diffi-
cult procedure taking place in the narrow surroundings
of the pulmonary artery.

We have found males with single hooks and com-
pletely developed copulatory spicules still encased in
the cuticle of the infective larva in the pulmonary

artery and this supports the speculation of Riley &
Huchzermeyer (1996) that only one moult is neces-
sary for the infective larva to develop into a fully adult
male. However, another fully mature male surrounded
by both the cuticula of the infective larva and the cu-
ticula of a preceding single-hooked stage indicates that
the males ofL. cincinnalisundergo at least one ad-
ditional moult after having reached sexual maturity.
Unlike moulting in females, moulting in the males
does not seem to be related to any further growth.
Specimen No. 4.18/98, in addition to the male recov-
ered from the trachea, was well within the range of
the measurements of the other males (Table 4). Once
again, these data emphasise the variability of struc-
tures encountered when dealing with pentastomes as
already stated by Riley & Huchzermeyer (1995).

Riley & Huchzermeyer (1996) compared the hook
morphology of females ofL. cincinnalisfrom Uganda
and the Congo. While both Ugandan specimens had
flat-topped hooks, the hooks of the two Congo spec-
imens, one of them described by Fain (1961), were
characterised by a dorsal notch. Riley & Huchzer-
meyer (1996) speculated that the difference in hook
morphology might indicate geographical variation,
pointing out that the data set was too small to draw
any final conclusions.

Our collection comprises male and femaleLeiperia,
some of which carry flat-topped hooks and some of
which possess hooks with a dorsal notch; sometimes
both hook types occur in the same specimen. Visibility
of the dorsal notch in the hooks can be influenced by
the orientation of the hooks under cover-slip pressure
and, especially in females, it becomes more promi-
nent as specimens mature and grow. The dorsal notch
is generally more distinct in the females than in the
males. Measurements of the males and females were
relatively uniform, especially the dimensions of the
copulatory spicules, and gave no indication of the
presence of two species. Our findings suggest that all
the specimens belong toL. cincinnalis.

This, however, does not exclude the existence of a
secondLeiperia species in Africa, especially in view
of the fact that the flat-topped hooks of the Ugandan
specimens were considerably larger than the notched
hooks of specimens collected from South Africa. The
size of the hosts, as well as the intensity of infection,
may influence the final size reached by the parasites,
but our data do not support this speculation. Mor-
phometric analysis of mature females taken from the
heavily infected crocodile from the Shimuwini Dam,
from the moderately infected Crocodile 4/98, and
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from the lightly infected Crocodile 2/98 did not dif-
fer substantially. Unfortunately, the oral cadres of the
Leiperia from Uganda could not be measured and no
male specimens were available for comparison.

In terms of gross morphology, the copulatory
spicules of theL. cincinnalismales examined during
this study and those ofL. australiensisare very simi-
lar (Riley & Huchzermeyer, 1996). The cirrus tip in
particular is very distinctive. The collar around the
spatulate extension of the copulatory spicules ofL.
cincinnalisdoes not extend as far as the double col-
lar found in L. australiensis. While the copulatory
spicules ofL. cincinnalisare larger than the ones of
L. australiensis,the hook and mouth dimensions are
quite similar.

Fish have long been known to be the intermediate
hosts forL. cincinnalis(Fain, 1961) and field studies
indicate that the infection with pentastomes has no
adverse effect on the development of the intermediate
host (Junker et al., 1998a). We believe that two factors
are responsible for the high mortality of the experi-
mentally infectedO. mossambicus. These fish had a
fungal infection that was aggravated by stress experi-
enced during the experimental infection. Furthermore,
we are convinced that the damage caused by the tissue
migration of the hatched primary larvae contributed
substantially to the subsequent death of the fish. This
was especially true where 10 or more primary larvae
were present.

It has been reported that porocephalid females
shed a relatively high number of eggs per day, all of
which contain fully-developed primary larvae (Riley,
1981, 1986). Junker et al. (1998b) recovered 3,400
eggs, 70% of which contained fully-developed, active
primary larvae, from a single femaleSebekia wedli
Giglioli, 1922 that had been placed into phosphate
buffered saline for one hour. While this figure is im-
pressive, we are of the opinion that our experimental
fish were exposed to a concentration of eggs that they
would not normally encounter.

Once the eggs have been ingested by a suitable
host, hatching of primary larvae seems to be a highly
successful process, as most of the eggs recovered
intact from fish did not contain fully-developed larvae.

The eggs ofL. cincinnalis offer maximum pro-
tection for the primary larvae during the transition
between the final and the intermediate host. Eggs are
passed into the water via the faeces or sputum and de-
pend entirely on chance ingestion by a bottom-feeding
fish. The inner vitelline membrane is tough and it takes
a considerable effort on the part of the primary larva to

rupture it. Our findings suggest that the hyaline sub-
stance surrounding the inner shell protects the larva;
however, the egg-shells are too thin to offer lasting
protection from desiccation once removed from their
natural aquatic environment.

Several authors have shown that pentastome eggs
are in fact very resistant to environmental influences.
Salazar (1965) found a high resistance towards acids
and preservatives. Bosch (1987) reported that eggs
maintained in physiological solution at 4–8◦C re-
mained infective for more than three months and as-
sumed that high temperatures and dehydration were
the main factors in killing larvae.

The eggs ofL. cincinnalis began to hatch un-
der cover-slip pressure when warmed to 30◦C and
needed no additional stimuli. Increase in temperature
has the same effect in the pentastomid generaEle-
nia Heymons, 1932 (Porocephalida) andRaillietiella
Sambon, 1910 (Cephalobaenida) (Bosch, 1987), but
in Reighardia sternae(Diesing, 1864) Ward, 1899
(Cephalobaenida) hatching occurred only at 40◦C (Ba-
naja, James & Riley, 1975). These data reflect the
physiology of their respective hosts.R. sternaehas
a direct life-cycle in homoiothermic seabirds (Ba-
naja et al., 1975), which maintain a constant body-
temperature of 37–41◦C (Eckert, 1993), whereas the
intermediate hosts ofLeiperia, EleniaandRaillietiella
are heterothermic.

The eggs ofL. cincinnalis, as well as the hatching
of the primary larva and subsequent movements dur-
ing tissue migration, conform largely to those ofPoro-
cephalus crotali(Humboldt, 1808) Humboldt, 1811
of the Louisiana muskrat (Penn, 1942). It appears that
the primary larvae of pentastomes are capable of gen-
eralised, very basic and stereotyped movements that
are nevertheless sufficient for simple tissue migration
from the alimentary tract into tissues.
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INTRODUCTION

The majority of the six genera comprising the fam-
ily Sebekidae Fain, 1961 occur exclusively in croc-
odilians. However, it has been speculated that a
single species of the genus Sebekia Sambon, 1922
may also reach maturity in piscivorous turtles
(Dukes, Shealy & Rogers 1971). Until now, only the
South American genus Diesingia Sambon, 1922
has been known to be exclusive to a chelonian de-
finitive host (Sambon 1922; Heymons 1941; Over-
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Description of Pelonia africana n. g., n. sp.
(Pentastomida: Sebekidae) from the lungs of
Pelomedusa subrufa and Pelusios sinuatus
(Chelonia) in South Africa

K. JUNKER1 and J. BOOMKER2*

ABSTRACT

JUNKER, K. & BOOMKER, J. 2002. Description of Pelonia africana n. g., n. sp. (Pentastomida:
Sebekidae) from the lungs of Pelomedusa subrufa and Pelusios sinuatus (Chelonia) in South Africa.
Onderstepoort Journal of Veterinary Research, 69:53–59

The terrapins Pelomedusa subrufa and Pelusios sinuatus taken from a water reservoir in the
Northern Province, South Africa, were examined for pentastome infections. Two immature speci-
mens, a patent female and a mature male, were obtained from the lungs of four hosts, each of which
harboured a single specimen. Based on the morphology of the specimens the new monospecific
genus, Pelonia africana n. g., n. sp., is described. It is characterized by smooth, dorsally convex hooks
with sharply bent blades. The oral cadre is more or less U-shaped. Delicate chitinous fibres, which
can be difficult to see, connect the lateral prongs anteriorly. In this, as well as the morphology of the
copulatory spicules, it is most like Sebekia wedli. The latter, however, possesses spinous hooks,
which are absent in P. africana. The hooks are slightly and the copulatory spicules markedly larger
in P. africana than in S. wedli. The lack of a double-hooked collar at the terminal end of the cowry-
shell shaped base of each copulatory spicule and the absence of a peg-like extension of the oral
cadre into the oesophagus, distinguishes P. africana from members of the genus Alofia.

The oral cadre of the South American species Diesingia megastoma, from aquatic chelonians, is
more than twice the size than that of Pelonia and there is a distinct difference in shape. The hooks
of the genus Diesingia are flat-topped, and both the anterior as well as the posterior fulcra carry cowl-
like extensions. The number of annuli, 55–60 in D. megastoma and approximately 30 in P. africana,
further separates the two genera. The most striking feature of Diesingia which sets it apart from
Pelonia and the other genera of the family Sebekidae, is the configuration of its copulatory spicules.

Pelonia and Diesingia share morphological features with all the other sebekiids, but it is the unique
combination of diagnostic characters that separates the two genera from those, as well as from each
other.
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street, Self & Vliet 1985; Riley 1994) and, generally
speaking, information on the pentastome fauna of
tortoises, terrapins and turtles is scarce.

Fain (1961) refers to a nymphal pentastome found
encysted in the liver of Kachuga lineata, a semi-
aquatic oriental tortoise, which Hett (1924) assumed
to be the infective larva of Subtriquetra megaceph-
ala (Baird, 1853) Sambon, 1922. The latter genus
belongs to the family Subtriquetridae Fain, 1961,
which is also believed to be exclusive to crocodil-
ians (Riley 1986; Winch & Riley 1986; Junker,
Boomker & Booyse 1998a). In addition, some five
genera of terrapins from North America have been
reported to harbour nymphs of Sebekia mississip-
piensis Overstreet, Self & Vliet, 1985, a crocodilian
pentastome described from the American alligator,
Alligator mississippiensis (Dukes et al. 1971; Boyce
1985; Overstreet et al. 1985). Significantly, all the
literature cited above pertains to nymphal develop-
mental stages of pentastomes.

It would appear that Diesingia megastoma (Diesing,
1836) (Sambon, 1922) is currently the only penta-
stome of which mature specimens have been re-
covered from the chelonian hosts, Hydromedusa
tectifera and Phrynops geoffroanus (= Hydraspis
geoffroyana) from Brazil (Diesing 1836; Heymons
1941; Self & Rego 1985; Da Fonseca & Ruiz 1956).
The authors are not aware of any publications deal-
ing with adult pentastomid parasites of chelonians
from any other continent.

In this paper a pentastome from the lungs of two
South African terrapins, Pelomedusa subrufa and
Pelusios sinuatus, is described. P. subrufa occurs
in pans, marshy areas and slow moving waters
throughout southern Africa, and P. sinuatus inhab-
its large rivers and pans in the north-east of south-
ern Africa. Both terrapins are omnivorous and fish
form part of their diet (Patterson 1991).

Pelonia africana n. g, n. sp. shares morphological
similarities with all the other genera of the family
Sebekidae, but nevertheless possesses a unique
combination of diagnostic criteria. Slide mounted
specimens of D. megastoma were re-examined
and found to be distinctly different from the pentas-
tomes recovered from the South African terrapins.
We thus consider it appropriate to erect a new
genus to accommodate these specimens.

MATERIAL AND METHODS

In 2000 five P. sinuatus (host numbers Psin1–5)
and a single P. subrufa (host number Psub1), with

carapace lengths varying from 15–25 cm, were
obtained from pans or marshy areas near the
Arabie Dam, Northern Province. This dam is fed
mainly by the Olifants River, but the Elands, Moses
and Motsiphiri Rivers also feed into it (A. Hoffman,
personal communication 2000).

Terrapins were either killed by intraperitoneal injec-
tion with sodium pentobarbitone (Eutha-naze™) or
decapitated. The plastron and carapace were
removed and the trachea, as well as the nasophar-
ynx, were examined for pentastomes. The liver and
heart were transferred into separate vials contain-
ing tap water, and the soft and delicate lungs were
placed into a Petri dish, also containing tap water.
Pentastomes were either dissected from the or-
gans or collected from the tap water after they had
migrated out of the organs. For morphological stud-
ies, pentastomes were fixed and preserved in 70 %
ethanol and subsequently mounted in Hoyer’s
medium.

Three more pentastomid specimens, WIII/1, and
Psub2/1 and Psub3/1 from the lungs of P. sinuatus
and P. subrufa respectively, were collected during
another unrelated study at the same locality and
made available to us.

RESULTS

The nasopharynx and trachea of all hosts exam-
ined were free of pentastomes and hosts number
Psin1, 3, 4 and 5 and Psub1 harboured no pentas-
tomes at all. Single specimens of P. africana were
recovered from the lungs of each of the remaining
hosts. Premature females, without eggs in the
uterus, were obtained from hosts WIII and Psin2. A
gravid female collected from Psub2 contained eggs
with fully developed primary larvae. A mature male
was present in the lungs of Psub3.

Description of Pelonia africana n. g., n. sp.
(Table 1)

TYPE HOSTS AND LOCALITY

Pelusios sinuatus and Pelomedusa subrufa from
the Arabie Dam (24°53’S, 29°22’E), Northern Prov-
ince, South Africa.

TYPE MATERIAL

Holotype male, no. T 2186 from Pelomedusa sub-
rufa, allotype female, no. T 2187 from Pelomedusa
subrufa and paratypes (immature) from Pelomedusa
subrufa and Pelusios sinuatus, no. T 2188. All spec-
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TABLE 1 Comparative measurements of Pelonia africana n. g., n. sp., Diesingia megastoma and Sebekia wedli. All measurements are given in micrometres unless otherwise stated

Body Number
Mouth dimensions Hook  dimensions Copulatory spicules

Specimen number length of

(mm) annuli
Overall Cadre Width Hook Fulcrum Total Cowry shell Width

length length length length length length

WIII/1 (Paratype F, T 2188) 15 28 322 248 127 NM NM NA NA NA

Psin2/1 (Paratype F, T 2188) 13 27 313 216 133 115 239 NA NA NA

Psub2/1 (Allotype F, T 2187) 27 30a 380 301 182 NM NM NA NA NA

Psub3/1 (Holotype M, T 2186) 9 27 265 207 150 NM NM 515 324 214

Diesingia megastoma M (After Heymons 1941) 7 70 NM 524 205 NM NM NM NM NM

Diesingia megastoma M (After Heymons 1941) 6 70 NM 496 180 140 NM NM NM NM

Diesingia megastoma F (After Self & Rego 1985) 10 65 NM 670 380 140* 520 NA NA NA

Sebekia wedli F (After Riley & Huchzermeyer 1995a) 15–19 NC 355 229 121 80 176 NA NA NA

Sebekia wedli M (After Riley & Huchzermeyer 1995a) 8 NC 212 136 76 59 134 310 213 115

F Female
M Male
NA Not applicable
NC Not counted
NM Not measured
* Only the length of the blade was measured

 P
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imens are mounted in Hoyer’s medium and
deposited in the National Animal Helminth Collec-
tion, ARC-OVI, Onderstepoort, South Africa.

ETYMOLOGY

Pelonia has been named after its two host species
that belong to the family Pelomedusidae which
comprises freshwater chelonians from Africa, Mad-
agascar and southern Australia.

DESCRIPTION

The body is claviform, the abdomen being widest in
the anterior third and tapering to a bluntly rounded
caudal tip. Ventrally the small trapezoid cephalo-
thorax is continuous with the ventrally flattened
abdomen but dorsally demarcated from the remain-
der of the body. A small number of wide annuli are
present.

FEMALE

The strongly chitinised oral cadre is more or less U-
shaped, the gap between the lateral prongs only
slightly narrowing anteriorly. Muscle contraction or
the amount of pressure applied when mounting,
can result in a more ovoid profile. The oral cadre
appeared to be open anteriorly as the delicate chiti-
nous fibres connecting the two sides were difficult
to see. A heavily chitinised, bowl-shaped base
unites the two lateral prongs posteriorly  (Fig. 1B,
C). The oral cadre of the allotype female was slight-
ly larger than that of the two immature specimens,
WIII/1 and Psin2/1.

The smooth hooks are dorsally convex with a slight
dorsal notch where the strongly curved blade
emerges from the base (Fig. 1F). The configura-
tions of the posterior and anterior hooks appear to
be identical and are supported by strong fulcra.
Unfortunately, measurements could only be made
from a single hook from an immature female.

It was not possible to decide whether the females
were heterogynous, with the utero-vaginal pore
being situated one or two annuli anteriorly from the
anus, or ophistogynous. The eggs of P. africana
consist of a spherical outer membrane, 183 ± 8 mm
in diameter that surrounds a hyaline substance and
an ovoid inner eggshell, 96 ± 7 µm long and 70 ± 4
µm wide (Fig. 1G), that encloses the primary larva.

MALE

Although the oral cadre of the male is slightly small-
er than those of the two immature females (Fig.

1A), its general morphology, as well as that of the
hooks and the fulcra, is similar to that of the
females. The paired copulatory spicules are heavi-
ly sclerotised and cowry-shell shaped (Fig. 1D).
The anterior spatulate extension carries rows of
rounded, chitinous teeth, which become progres-
sively indistinct towards the tip (Fig. 1E).

DISCUSSION

The body-shape of P. africana corresponds closely
to the illustration of a mature female of D. megas-
toma from H. tectifera (Self & Rego 1985). One of
the main differences between P. africana and D.
megastoma lies in the oral cadre. That of D. mega-
stoma is more than twice the length and width than
that of the African species. Own observations show
the oral cadre of Diesingia to carry a small peg-like
extension into the oesophagus, not unlike that of
the genus Alofia Giglioli, 1922, which is absent in
specimens of Pelonia. Furthermore, the prominent
bowl-shaped chitinous structure at the base of the
oral cadre of the latter genus is absent in Diesingia.

Both genera of chelonian pentastomes possess
smooth hooks. However, the fulcra of Pelonia are
devoid of any extensions, while the fulcra of Die-
singia are furnished with cowl-like extensions, sim-
ilar to those seen in the genus Selfia (Riley 1994).
The hooks of D. megastoma appear to be flat-
topped with a sharply curved blade, demarcated
from the shank by a single notch (Self & Rego
1985), while those of P. africana are dorsally con-
vex and marked by a slight dorsal notch.

So far, no conclusive description of the copulatory
spicules of Diesingia has been given, and the two
male specimens we examined, possess copulatory
spicules that are unique among the members of the
family Sebekidae. The cowry-shell shaped base
and the long spatulate extension of the open side
are reminiscent of other sebekiid genera (Riley,
Spratt & Winch 1990), but the shorter of the two
anterior extensions has been transformed into a
tiller-like, chitinous spike.

The genus Pelonia is distinct from the genus Die-
singia, and represents the first record of a new
genus of pentastomes exclusive to chelonian final
hosts from the African continent.

Pelonia africana is similar to the African crocodilian
pentastome Sebekia wedli Giglioli, 1922 in Sam-
bon, 1922. This is especially true for the oral cadre,
which in the latter species is also approximately U-
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FIG. 1 Pelonia africana n. g., n. sp.

A Oral cadre of holotype male. The delicate chitinous fibres connecting the lateral prongs of the oral cadre
anteriorly are partly visible (arrow). Scale bar: 50 mm

B Oral cadre of the allotype female. The anterior chitinous bridge is not visible in this photograph. Scale bar:
50 mm

C Oral cadre of an immature female. The chitinous fibres connecting the lateral prongs are clearly visible
(arrow). Scale bar: 25 mm

D Ventral view of the right copulatory spicule of the holotype male. It is obpyriform and the spatulate exten-
sion carries small chitinous teeth. The arrow marks a chitinous part of the cirrus. Scale bar: 50 mm

E Detail of the left copulatory spicule

F Right posterior hook of an immature female. Scale bar: 50 mm

G Egg with fully developed primary larva. Scale bar: 50 mm

A B C
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shaped, and because of an almost invisible, very
delicate anterior bridge of chitin, it seems to be
open anteriorly (Riley & Huchzermeyer 1995a). A
comparison of measurements, however, shows the
buccal complex of S. wedli to be slightly smaller
than that of P. africana (Riley & Huchzermeyer
1995a, Junker, Boomker & Booyse 1998b). The
copulatory spicules of male P. africana are strong-
ly reminiscent of S. wedli, and they could easily be
confused, in that both are obpyriform and carry
chitinous teeth on the spatulate extensions. Never-
theless, the spicules of P. africana are markedly
larger than those of S. wedli (Riley & Huchzermeyer
1995a).

The main distinguishing character between P. afri-
cana and S. wedli is the absence of the prominent
spines on the dorsal hook surface. The lack of an-
terior extensions to the fulcra further serves to sep-
arate Pelonia from the other species of the genus
Sebekia as defined by Riley et al. (1990).

Superficially, the aspinose hooks, the curve of the
blade and the shape of the oral cadre might lead to
confusion of P. africana with the Alofia spp. The
copulatory spicules of P. africana, however, lack
the double-hooked collar diagnostic for Alofia and
the genus Selfia Riley, 1994 (Riley 1994). More-
over, the oral cadre neither possesses the distinct,
open Alofian U-shape nor the peg-like extension
into the oesophagus (Riley & Huchzermeyer 1995a,
b; Junker, Boomker & Bolton 1999).

Recently Agema Riley, Hill & Huchzermeyer, 1997,
a new pentastomid genus, has been described
from African dwarf crocodiles, Osteolaemus tetra-
spis osborni, and slender-snouted crocodiles,
Crocodylus cataphractus (Riley, Hill & Huchzer-
meyer 1997). While the hooks of P. africana exhib-
it the already mentioned abrupt right-angle bend
near the base, those of Agema are very smoothly
curved and the ovoid oral cadre of the latter genus
is closed anteriorly by prominent chitinous cres-
cents (Riley et al.1997).

Pelonia africana morphologically resembles espe-
cially the genus Sebekia and to a lesser extent the
genus Alofia. Heymons (1941) pointed out the sim-
ilarity between D. megastoma and its South Ameri-
can sebekian and alofian counterparts. Therefore
there is a strong case for the inclusion of the gen-
era Pelonia and Diesingia into the family Sebe-
kidae, as was suggested for the latter genus by
Riley (1993). The fact that all sebekiid genera have
a similar life-cycle using fish as intermediate hosts
and semi-aquatic definitive hosts (Fain 1961; Riley

1986, 1994; Riley et al. 1997) indicates a close
relationship between the two genera parasitising
chelonians and those of crocodilians.
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Abstract

Slide-mounted material of the pentastomid parasite Diesingia megastoma (Diesing, 1836) Sambon, 1922 from the
South American chelonian Hydromedusa tectifera Cope is reviewed and the perfunctory, often omissive, descrip-
tion of the species is amended. The strong morphological similarities between D. megastoma and the crocodilian
and chelonian pentastome genera of the family Sebekiidae Sambon, 1922, Alofia Giglioli, 1922, Selfia Riley,
1994, Sebekia Sambon, 1922, Agema Riley, Hill & Huchzermeyer, 1997, Leiperia Sambon, 1922 and Pelonia
Junker & Boomker, 2002, clearly place Diesingia Sambon, 1922 within the same family. However, the unique
combination of its main diagnostic criteria makes Diesingia a distinct genus. The absence of an elaborate, flared
cirrus-tip in D. megastoma distinguishes it from Leiperia, while emphasizing its similarity to the remaining genera
mentioned above. D. megastoma resembles Alofia in that it possesses smooth, flat-topped hooks and an anteriorly
open oral cadre with an oesophageal peg. The copulatory spicules of Diesingia, however, lack the double-hooked
collar, typical for Alofia and Selfia. Unlike the peg-like extension of the fulcra of the hooks of Sebekia, that of
D. megastoma is cowl-like and carries spines only on the anterior fulcra. Moreover, the hooks of Sebekia are
usually convex and spinose and the ovoid oral cadre is closed anteriorly. Diesingia differs from Pelonia through
the latter’s smooth but dorsally convex and extension-free hooks. The copulatory spicules of Pelonia and Agema are
reminiscent of the basic build found in Sebekia, whereas in D. megastoma the short, ventral extension of the cowry
shell-shaped base of the copulatory spicules has been transformed into a structure resembling the collembolan
fulcrum. The latter is connected to the base via a joint, a configuration which is unique in the Sebekiidae.

Introduction

Despite their discovery more than one-and-a-half cen-
turies ago, the present knowledge on pentastomes
parasitising chelonian final hosts is scant. A single
species, Diesingia megastoma (Diesing, 1836) Sam-
bon, 1922, from South American terrapins was
recognised. It was first described from two adult
males recovered from the lungs of a Geoffrey’s side-

∗Author for correspondence.

necked turtle Phrynops geoffroyanus (Schweigger)
(syn. Hydraspis geoffroana) in Brazil by Diesing
as Pentastoma megastomum Diesing, 1836 (Diesing,
1836; Sambon, 1922; Fain, 1961). Since then, it
has caused much confusion. The two original spe-
cimens, kept at the Museum of Natural History
at Vienna, have been renamed and re-examined by
several authors. Leuckart (1860), referring to Dies-
ing’s (1836) description only, changed the name to
Pentastomum megastomum, while Shipley (1898) ex-
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amined the Vienna specimens himself. Without adding
much detail to the initial, very superficial descrip-
tion, Shipley (1898) redescribed them as Porocephalus
megastomus, a name previously given to them by
Stiles (1893, in Sambon 1922) in accordance with
the then common trend to include the majority of the
exotic pentastomes in Porocephalus Humboldt, 1811
(Heymons, 1941).

When Sambon (1922) reviewed the known
pentastomid genera, Diesing’s type-specimens no
longer fitted the diagnostic criteria of the genus
Porocephalus and he suggested the inclusion of
P. megastomum in the new genus Diesingia Sam-
bon, 1922. This genus had been created to ac-
commodate D. kachugensis Sambon, 1922 from the
liver of Kachuga kachuga (Gray) (syn. K. lineata),
a semi-aquatic oriental tortoise. Riley (1986) poin-
ted out that Hett (1924, in Fain, 1961) considered
D. kachugensis to be the larval stage of Subtriquetra
megacephala (Baird, 1835) Sambon, 1922, a cro-
codilian pentastome. Heymons (1941) was the first
author to provide a more detailed description of the
type-specimens for which the name D. megastoma
had become accepted, and included measurements and
drawings of the hooks and the oral cadre. Da Fonseca
& Ruiz (1956) created Butantanella Da Fonseca &
Ruiz, 1956 to accommodate D. megastoma and the
specimens of a collection of pentastomes recovered
from the lungs of 15 Hydromedusa tectifera Cope
from Brazil.

Self & Rego (1985) examined pentastome spe-
cimens from collections from the Instituto Oswaldo
Cruz and from the British Museum (Natural His-
tory) Collection. These included fully mature males
and females from the lungs of the Brazilian terra-
pins, H. tectifera and P. geoffroanus, and Self & Rego
(1985) concluded that these were identical with Dies-
ing’s specimens. On morphological grounds, Self &
Rego (1985) reclassified D. megastoma as Sebekia
megastoma, dismissing Da Fonseca & Ruiz’s (1956)
previous classification.

The uncertainty surrounding its type-species led
to considerable confusion as regards the systematic
status of the genus Diesingia. Fain (1961) included it
in the family Sebekiidae Sambon, 1922, whereas Riley
(1983), in an outline classification of the pentastomes,
placed the genus separately, directly following the
genera of the family Sambonidae Fain, 1961, sub-
stituting the family name by a question mark. Sub-
sequently, Self & Rego (1985) abandoned Diesingia
in favour of Sebekia Sambon, 1922, a view that was

not adopted by Riley (1986), who created the mono-
generic family Diesingiidae Riley, 1986. In a later
publication, Riley (1994) placed Diesingia back in the
family Sebekiidae.

In this paper slide-mounted specimens of D. mega-
stoma, collected from H. tectifera from Brazil, are de-
scribed. Based on our findings, we support the validity
of the genus Diesingia as well as its inclusion in the
family Sebekiidae.

Materials and methods

All specimens described here were originally re-
covered from H. tectifera from Brazil by an unknown
collector. The collection comprises slide-mounted
specimens as well as specimens that had previously
been fixed in formalin (Da Fonseca & Ruiz, 1956),
but are now preserved in alcohol. These are, however,
in an extremely poor condition and very brittle. The
anterior and posterior hooks had been removed and
mounted in Hoyer’s medium several years ago and the
bottle with alcohol specimens now contains only the
abdomens of the specimens F2463-5, F2463-6 and KI-
3. These are mature females, as evidenced by hook
measurements and the egg-filled uteri of two speci-
mens. The D. megastoma material studied comprises
the following:
F2463-2. A male specimen, mounted whole and
stained with a chromatin stain. The slide was ori-
ginally labelled ‘Butantanella megastoma, from the
Instituto do Butantan ex Hydromedusa tectifera’ (see
below).
F2463-3. A young female, mounted whole and ori-
ginally identified as ‘Butantan F 5960, Butantanella
megastoma of the lung of H. tectifera, from the Paraná
State, Brazil’. The slide is dated 7 December, 1951
and carries the names Da Fonseca & Ruiz.

We conclude that F2463-2 and F2463-3 are two
of the specimens on which Da Fonseca & Ruiz
(1956) based their description of B. megastoma. In
fact, Da Fonseca & Ruiz (1956) stated that specimen
5960 forms part of a collection of male and female
pentastomes taken from the lungs of 15 H. tectifera in
August, 1951 at Tranqueira, Paraná State.
F2463-4. A male specimen. The abdomen, includ-
ing the copulatory spicules, is mounted on one slide
and a second slide contains the posterior and anterior
hooks, as well as the oral cadre. The latter, however, is
severely damaged.
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F2463-5 and F2463-6. The hooks of two females were
dissected out and the posterior and anterior hooks are
mounted under separate cover-slips on the same slide.
The oral cadres of both specimens have apparently
been lost.
KI-3. The whole slide-mounted cephalothorax of a
mature female.

All measurements were made according to the pro-
cedures described by Fain (1961), Riley, Spratt &
Winch (1990) and Riley (1994).

Diesingia megastoma (Diesing, 1836) Sambon,
1922

Description (Figures 1,2)

The abdomens of 2 alcohol-preserved females are
slender and elongate, with pointed caudal tips that
appear slightly curled ventrally. Since the only intact
specimens are slide-mounted, little else can be said
about the body-shape. In the male specimens F2463-
4 and F2463-2, as well as in the female F2463-3, a
single row of chloride cells with prominent pore caps
is present on the anterior border of each annulus.

Females (Table 1) According to its slide label, speci-
men F2463-6 was 1.5 cm in length prior to the dissec-
tion of hooks from its cephalothorax. The single pre-
patent female, F2463-3, has 55-60 annuli, but, since
the caudal tip is slightly damaged accurate counting is
difficult. The same specimen possesses smooth hooks
with long, slender, canaliculate blades that are sharply
curved. A slight, but distinct, notch demarcates the
blade from the flat dorsal hook surface. While the
anterior and posterior hooks are equal in size, the mor-
phology of their fulcra differs in that all possess a
cowl-like anterior extension, but that the cowl of the
anterior fulcra is spinose, while those of the posterior
ones are smooth (Figures 1E,F, 2C,D). The hooks of
3 mature females are distinctly larger but otherwise
similar to those described above. The cowl of the ful-
crum is not always readily visible. The posterior hooks
of specimen F2463-6 display the cowl clearly (Figure
2D) and a structure next to one of the anterior hooks
is assumed to be the broken-off spinose extension of
the fulcrum. The second anterior hook of specimen
F2463-6 and the hooks of specimens F2463-5 and KI-
3 are in too poor a condition to observe any extensions
to the fulcra.

The oral cadre of the prepatent female is about half
the size of that of KI-3, but otherwise similar in shape.

Seen from a slightly lateral view, the overall profile is
ovoid and the oral cadre is open anteriorly. A small
peg-like extension into the oesophagus measures 23
µm in the young female (F2463-3) and 92 µm in spe-
cimen KI-3. The lateral prongs widen into chitinous
lobes anteriorly (Figures 1B, 2A).

Males (Table 1) Specimen F2463-2 is 1.1 cm long
and 58 annuli are present. The hooks of both males are
more or less the same size as those of the young female
and are morphologically similar. One of the anterior
hooks of specimen F2463-4 has a spinose cowl of the
fulcrum but no extensions could be seen in the remain-
ing hooks. The hooks of specimen F2463-2 were too
obscured by the dark stain to observe much detail.

The oral cadre of the male F2463-2 is slightly
larger than that of the young female, F2463-3 and
the peg-like extension into the oesophagus measures
60 µm (Figures 1A, 2B). Although seen ventrally, the
shape of the oral cadre corresponds well with that of
the female. Starting with a narrow base, the middle
section of the oral cadre is slightly expanded, and
narrows again towards the anterior end.

The copulatory spicules of the males consist of a
cowry shell-shaped base from which 2 extensions pro-
trude anteriorly (Figures 1C, 2F). The longer of the 2
extensions emerges ventrally, i.e. from the open side of
the base. It consists of 2 lateral prongs that unite in the
anterior half of the extension, to form a spatula. The
distal half is reinforced by transverse cuticular ridges.
The short extension emerges from an articulated joint
at the closed dorsal side of the base. It is strongly re-
miniscent of the fulcrum found in collembolans and
runs through the gap formed by the lateral prongs of
the ventral extension (Figures 1D, 2E).

Discussion

Comparative measurements of Diesingia megastoma
from the literature are presented in Table 2. The num-
ber of annuli counted by Heymons (1941) and Da
Fonseca & Ruiz (1956) are slightly higher than those
of Self & Rego (1985) and the present authors. We
assume this variation to be a result of counting tech-
niques as well as differences in the quality of the
material. Heymons (1941) indicated, that the chloride
cell pores of Diesing’s two original specimens had be-
come difficult to discern. Our counts exclude the tip of
the tail, as well as the annuli on the cephalothorax that
have incomplete rows of chloride cells.
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Table 1. The main diagnostic characteristics of Diesingia megastoma (Diesing, 1836) from Hydromedusa tectifera Cope (Chelonia) from Brazil. In the case of the hooks and
copulatory spicules, the figures on the left refer to the structures on the left and the figures on the right to the corresponding feature on the right side. All measurements are in
micrometres.

Specimen no. Sex Oral cadre Anterior hooks Posterior hooks Copulatory spicules

Overall Cadre Width Hook Blade Base Plateau Fulcrum Hook Blade Base Plateau Fulcrum Cowry-shell Total Spike

length length length length length length length length length length length length length length length

F2463-2 M 653 488 239 NM NM NM NM NM 166 NM 94 NM 60 NM 83 NM 281 NM 345 345 773 750 248 258

F2463-4 M NM NM NM 184 NM 113 NM 58 NM 83 NM 373 NM 202 207 108 108 67 67 106 106 329 NM 303 363 754 741 184 235

F2463-3 F 570 446 207 163 NM 106 NM 62 NM 92 NM 334 NM 177 NM 99 NM 67 NM 104 NM NM NM NA NA NA

F2463-5 F NM NM NM 260 258 143 136 108 97 145 154 442 451 244 246 147 140 99 94 133 147 NM NM NA NA NA

F2463-6 F NM NM NM 246 NM 136 NM 97 NM 133 NM NM 506 255 253 124 131 87 101 147 145 NM NM NA NA NA

KI-3 F 1081 814 NM 251 248 147 147 99 87 126 127 483 511 258 NM 138 NM 97 NM 145 NM 398 NM NA NA NA

F, Female; M, Male; NA, Not applicable; NM, Not measured.
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Figure 1. Diesingia megastoma. A. Ventral view of the oral cadre of male F2463-2 depicting the oesophageal peg (arrow). B. The oral cadre of
female F2463-3 in ventrolateral view. The anterior chitinous lobes are prominent. C. Left copulatory spicule of F2463-4 seen ventrolaterally.
D. Lateral view of the right copulatory spicule of the same male as in C. Note the cuticular ridges on the long spatulate extension. The shorter,
fulcrum-like extension is jointed (large arrow); its length is the distance between the large and the small arrow. E. Posterior hook of female
F2463-6 depicting the aspinose cowl-like extension of the posterior fulcrum. Points d and b are the points of insertion of the extensory and
flexory musculature, respectively; Point c demarcates the notch in the dorsal hook surface. F. Anterior hook of female F2463-3. Note the spines
on the cowl of the anterior fulcrum. Abbreviations: ac, blade length; ad, hook length; bc, base length; cd, plateau length. Scale-bars: A,B,C,D,
100 µm; E,F 50 µm.

According to Self & Rego (1985), the oral cadre
of D. megastoma is closed anteriorly by fibres to form
a ring. The same authors describe sharp anterior and
posterior spurs that extend inwardly from the lateral
prongs. Such structures were absent in the Diesingia
material in the present study. Heymons (1941) de-
scribed the oral cadre of D. megastoma as being
U-shaped and open anteriorly, which is more in ac-
cordance with our findings. We believe the difference
in shape of the oral cadre in Self & Rego’s (1985)

specimens to be due to a distortion caused by pressure
while mounting the specimens. None of the previous
descriptions (Heymons, 1941; Da Fonseca & Ruiz,
1956; Self & Rego, 1985) have mentioned the peg-like
extension of the oral cadre into the oesophagus despite
its being quite an obvious feature.

There is relatively little discrepancy in the descrip-
tion of the hooks of D. megastoma by earlier authors,
all of which describe them as smooth, single and equal
(Heymons, 1941; Da Fonseca & Ruiz, 1956; Self &

 
Page 632

 
 
 



216

Figure 2. Diesingia megastoma. A. The oral cadre of female F2463-3. B. The oral cadre of male F2463-2. C. Close up of the left anterior hook
of female F2463-3. D. Detail of the posterior hook of female F2463-6. E. Lateral view of the right copulatory spicule of male F2463-4. F. The
left copulatory spicule of male F2463-4. Scale-bars: A, 120 µm; B,E,F, 100 µm; C,D, 50 µm.

Table 2. Comparative measurements of Diesingia megastoma (Diesing, 1836) found in the literature. All measurements are given in
micrometres unless otherwise indicated.

Sex Body length Number of Oral cadre Hooks Source

(mm) annuli Cadre Width Hook length Blade Base Fulcrum

length (AD) length length length

M 7 70 524 205 NM NM NM NM Heymons (1941)

M 6 70 496 180 140 NM NM NM Heymons (1941)

F∗ 11 - 20 ca. 70 770 440 140? 140? NM 550 Da Fonseca & Ruiz (1956)

F∗ 10 65 670 380 NM 140 110 520 Self & Rego (1985)

F, Female; M, Male; NM, Not measured.
∗Combined data of several females; ?, It is not clear which of the two measurements the authors refer to.
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Rego, 1985). Two shallow dorsal notches are visible
in Heymon’s (1941) drawing of a hook and, otherwise,
it conforms well with that of Rego & Self (1985). In
our experience, slight differences in the orientation of
specimens on the slide on which they are mounted
can interfere with the visibility of certain structural
characteristics, and we attribute the fact that none
of the above authors described the cowl-like anterior
extensions of the fulcra to this.

Heymons (1941), as well as Self & Rego (1985),
omitted the description of the copulatory spicules of
the males, despite considering them fully mature spe-
cimens. This might be explained insofar as the true
taxonomic value of these structures was only sub-
sequently recognised (Riley, 1986). Unfortunately, Da
Fonseca & Ruiz (1956) referred only briefly to the
copulatory spicules of the males. However, their illus-
tration of a slide mounted and stained male specimen
depicts the characteristic outline of the copulatory
spicules well. The latter authors provided a detailed
description of the female reproductive organs and
stated that the vulva is situated on a mammilliform
protuberance on the 15th caudal annulus. Similarly,
Self & Rego (1985) described the utero-vaginal pore
as subterminal on a prominent papilla. These struc-
tures were not visible in neither the slide-mounted
material or the alcohol-fixed remains of the female
specimens.

The measurements of the oral cadre of one of the
males in the present study and those of the two males
examined by Heymons (1941) correspond well. The
hooks of both males examined by us, however, are lar-
ger than the single measurement of Heymons (1941),
although the author specifies that the hook length was
measured from the tip of the blade to the insertion of
the musculus extensor unci. There is a good correl-
ation between the length of the blade and the length
of the base in the hooks of mature females as de-
termined by Self & Rego (1985) and our own data.
Despite slight deviations, the measurements taken of
the fulcra also appear uniform. The oral cadre of the
single female measured in this study appears consider-
ably larger than recorded by Self & Rego (1985) and
Da Fonseca & Ruiz (1956). It is difficult to interpret
the hook dimensions provided by the latter authors, as
their terminology is not in accordance with that later
defined by Fain (1961) and there are no explanatory
illustrations. We do, however, believe that the length
of the anterior and posterior hook refers to measure-
ments of the blade only and we deduce that the term
‘Bügel’ actually refers to the term fulcrum as it is used

nowadays. We are in doubt as to the meaning of the
term ‘fulcrum’ as used by Da Fonseca & Ruiz (1956).

In addition to Diesingia, the crocodilian pentastome
genera Alofia Giglioli, 1922 and Sebekia, represented
by A. platycephala (Lohrmann, 1889) Giglioli, 1922
and S. microhamus Self & Rego, 1985, are also present
in Brazil (Heymons, 1941; Self & Rego, 1985). The
anteriorly open oral cadre of D. megastoma, and es-
pecially its oesophageal peg, is reminiscent of that of
Alofia, but it is too oval in profile (Riley & Huchzer-
meyer, 1995a). The flat-topped, smooth, fang-like
hooks are similar to alofian hooks, and it is mainly
the presence of the anterior extensions of the fulcra
which sets Diesingia’s hooks apart from the generic
characteristics of Alofia (see Fain, 1961; Riley, 1994),
although A. parva Riley & Huchzermeyer, 1995 has
been described as possessing a spinose cowl-like ex-
tension to the anterior fulcrum (Riley & Huchzer-
meyer, 1995b). S. microhamus is atypical for the genus
since it possesses aspinose hooks that are too small to
be confused with those of D. megastoma (Self & Rego,
1985). The dorsally convex hooks of Pelonia africana
Junker & Boomker, 2002 are smooth and the fulcra
are without anterior extensions. Also, its oral cadre
lacks the oesophageal peg (Junker & Boomker, 2002).
However, the single most distinguishing character-
istic of Diesingia from other sebekiid genera is the
unique configuration of its copulatory spicules. The
copulatory spicules of Alofia and Selfia Riley, 1994
are marked by the double-hooked collar terminating
the shorter of the two anterior extensions originat-
ing from the base (Riley, 1994; Junker, Boomker &
Bolton, 1999) and in Agema Riley, Hill & Huchzer-
meyer, 1997, Sebekia and Pelonia only the longer
ventral extension may be present or the shorter exten-
sion ends in a smooth collar (Riley et al., 1990; Riley,
Hill & Huchzermeyer, 1997). Leiperia Sambon, 1922
possesses an elaborate, flared cirrus-tip that is accom-
panied by a chitinous scoop-like structure (Riley &
Huchzermeyer, 1996; Junker, Boomker, Swanepoel &
Taraschewski, 2000). This characteristic sets Leiperia
apart not only from D. megastoma but also from the
other crocodilian and chelonian sebekiid genera.

For the above reasons we do not concur with
Self & Rego’s (1985) abandonment of the genus
Diesingia and the placement of D. megastoma in
Sebekia. Based on the morphological similarities
between D. megastoma and its (South American) se-
bekiid counterparts, however, it is reasonable to in-
clude Diesingia in the family Sebekiidae, as suggested
by Riley (1994).
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