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A survey of the helminth communities of Podarcis pityusensis (Boscd, 1883) and Podarcis lilfordi (Giinther, 1874) (Saur
Lacertidae) from the Pityusic and Gimnesic islands, respectively, in the Balearic Islands, Spain, was conducted. Both ho-
species harbour similar though not identical helminth infracommunities. An analysis of the patterns of diversity for all
helminths revealed that both lizards have depauperate isolationist infracommunities, possibly as a result of factors such as
host ectothermy, the simplicity of their digestive canal, low vagility, and generalist feeding.

Roca, V., et HORNERO, M.]. 1994. Helminth infracommunities of Podarcis piryusensis and Podarcis lilfordi (Sauria:
Lacertidae) from the Balearic Islands (western Mediterranean basin). Can. J. Zool. 72 : 658 -664.

On trouvera ici les résultats d'un inventaire des communautés d'helminthes présentes chez les lézards Podarcis pirvusensis
(Boscd, 1883) et Podarcis lilfordi (Glinther, 1874) (Sauria : Lacertidae), le premier dans les fles Pitiuses et 1"autre dans les
iles Gemnésies, Baléares, Espagne. Les deux espéces hébergent des infracommunautés semblables, mais non identiques.
L'analyse de la diversité des helminines a révélé que les deux lézards abritent des infracommunautés isolées et appauvries.
sans doute & cause de caractéristiques qui leur sont inhérentes, notamment leur ectothermie, la simplicité de leur tractus

digestif, leur faible motilité et leurs habitudes alimentaires généralistes.

Introduction

Although several recent ecological studies are available on
the helminth communities of marine mammals, birds, fish,
and amphibians (e.g.. Balbuena and Raga 1993; Edwards
and Bush 1989; Goater and Bush 1988; Goater et al. 1987;
Kennedy and Bakke 1989; Kennedy and Williams 1989;
Muzzall 1991a, 1991b), very little effort has been devoted to
studying the helminth communities of reptiles (Esch and
Gibbons 1976; Esch et al. 1979). Aho (1990) provided a com-
prehensive review of the structure of the helminth commu-
nities of some reptiles and amphibians. More recently, Dobson
and Pacala (1992) and Dobson et al. (1992) analysed the
helminth communities of 10 lizard species from seven islands
in the Caribbean. In contrast, there is a paucity of data on the
structure of the helminth communities of European reptiles.

The indigenous fauna of most Mediterranean islands in-
cludes several saurian species. Among these, lizards of the
genus Podarcis Wagler, 1830 are particularly abundant and
geographically widespread. Two endemic lizards, Podarcis
pityusensis (Boscd, 1883) and Podarcis lilfordi (Giinther,
1874), can be found in the Balearic Islands. Podarcis
piryusensis lives in the southern part of the archipelago, in
Eivissa, and Formentera and the small islets around them.
Podarcis lilfordi can only be found in the small islets
surrounding the larger islands (Mallorca and Menorca) in the
northern part of the archipelago. Both species display
considerable inter-island variation in morphology; many
subspecies have been described on the basis of their
geographical isolation and limited interisland dispersal (Cirer
1980, 1981, 1989; Pérez-Mellado and Salvador 1988;
Salvador 1979, 1984, 19864, 1986h).

The biology and ecology of neither host species are yet
completely known, but several preliminary papers provide
data on daily and seasonal activity rhythms, population
dynamics, thermoregulation, and feeding habits (e.g., Brown
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et al. 1992: Pérez-Mellado 1989; Pérez-Mellado and Salvador
1981; Salvador 19864, 1986b). In this paper we present the
results of a study of the parasites of these two lizard species.
including data on the structure of their infracommunities

Materials and methods

The Balearic Islands are located east of the Iberian peninsuls
(Fig. 1) and have a total area of 5014 km’. The habitats on the islands
and small islets are fairly uniform, ranging in elevation from sea level
to 200 m asl. The common landscape is a platform of lowlands wih
bush steppes and pine woods altemating with agricut!uml areas
(Colom 1988). The smaller islands usually have xeric habitats.

Specimens belonging to several subspecies of P. pirvusensis and
P. lilfordi were collected from the islets surrounding Menorca. as el
as from Eivissa and Formentera and surrounding islets (see Tabl: '
In all, 564 P. pirvusensis and 386 P. lilfordi were analysed. of ©| 1
110 P. pirvusensis were caught in the field in June 1987, Ouw 1
1987, and June 1988; 242 were from the private collection o
Dr. M. Cirer; and 212 were from the private collection of the senir
author. Twenty P. lilfordi were caught in the field in June 1989, 25¢
were from the collection of Museo Nacional de Ciencias Naturales
de Madrid, and 113 were from the private collection of the senior
author. Lizards were killed with an overdose of chloroform. Tht
digestive tract, heart, lungs, and liver were removed, opened. and
placed in Ringer solution for examination. Helminths were removed.
washed in distilled water, and fixed and mounted according to roni"+
techniques (Roca 1985). Parasites were identified to the species = |
and the numbers and location of individuals of each species w. -
recorded. The following helminths are deposited in the Parasitolog!
Museum of the Animal Science Department of the University !
Valéncia: Paradistomum mutabile (Accession No. 880615160-1).
Brachylaima sp. (03040183), Oochoristica gallica (8706101 17-F.
Nematotaenia tarentolae (871009074-1), Diplopylidium acanthe:
tetra (871005009-1), Mesocestoides sp. (871009111-1), Spauligodon
cabrerae (871008100-1), Parapharyngodon bulbosus (871008107-1)
Parapharyngodon micipsae (871012156-1), Parapharyngoden eci:
natus (871008044-1),  Skrjabinelazia  hoffmanni  (82041130-ME".
Abbreviata sp. (890620007-ME), Acuaria sp. (82041242-ME
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FIG. 1. The islands of the Balearic archipelago. The numbers correspond to those in Table 1.
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B “s not identified) (82041148-ME), and Centrorhynchus logarithmic transformation (loge to logyp), for each helminth infra-
o i , I'“E - Types of Strongyloides ophiusensis are deposited community irrespective of the site of infection (Muzzall 1991a,
et opprn | amsitology, Czechoslovak Academy of Sciences, 1991 p), using DIVERS software (Krebs 1989). All statistical analysis

\u...;.,,: ,[:':Ih’l,"_:! Collection No. N-593. Voucher specimens of  was performed using standard methods (Sokal and Rohlf 1981).
Lomdon, o, !¢dinae are deposited in The Natural History Museum,
We '""llub :;“I RLT& Nos. 1990.4863 and 1990.4864. Results
" dewcniptive ATROlis et al. (1982) and Esch et al. (1990) in the use . i
Sennen, (p <cological terms. Brillouin's index of diversity and Seventeen helminth species (2 Trematoda, 4 Cestoda,
iclou 1977. Margurran 1988) was calculated, after 10 Nematoda, and 1 Acanthocephala) were found. They were
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TABLE 1. Islands and islets where lizards were collected

Island Area (h‘nz) Elev. (m asl) Age? Subspecicsb

1. Eivissa 541 475 — P. p. pityusensis

2. Es Vedra 0.421 382 12 P. p. vedrae

3. Vedranell 0.200 124 12 P. p. vedrae

4. Murada 0.131 32 9 P. p. muradae

5. Calders 0.028 9 5 P. p. pityusensis

6. S'Hon 0.005 18 6 P. p. hortae

7. Tagomago 0.520 114 9 P. p. tagomagensis

8. Es Canar — 27 7 P. p. canensis

9. Santa Eulalia 0.040 32 1.5 P. p. redonae
10. Rodona — 25 7 P. p. redonae
11. Ses Rates 0.018 15 5 P. p. ratae
12. Es Malvins 0.097 16 8 P. p. schreitmuelleri
13. Illetes Negres 0.037 4 6.5 P. p. negrae
14. Es Penjats 0.120 13 6.5 P. p. ahorcadosi
15. SaTorreta 0.088 2 6.5 FP. p. rorretensis
16. S'Espalmador 2.090 24 6.5 P. p. formenterae
17. S’Espardell 0.850 29 85 P. p. formenterae
18. Illa den Pou —_ 10 6.5 P. p. formenterae
19. Punta Trocadors - 9 6.5 P. p. formenterae
20. La Savina — — 6.5 P. p. formenierae
21. Formentera 83 192 6.5 P. p. formenterae
22. Aire 0.342 15 8 P. 1. lilfordi
23. Rey 0.042 10 7 P. |. balearica
24. Colom 0.402 43 6 P. . balearica
25. Addaias 0.128 22 8 P. 1. addayae
26. Sargantana 0.025 15 6 P. I. sargantanae
27. Rovells 0.005 2 6 P. . sargantanae
28. Nitge 0.106 26 9 P.I. fenni
29. Bleda 0.046 61 7 P. I. sargantanae

“In thousands of years.

“Subspecies of lizards living on each island.

identified by Roca and Homero (1991) and Homnero and Roca
(1994). The total number of parasite species and the infest-
ation parameters for each host are given in Tables 2 and 3.
The host species do not harbour identical parasite communi-
ties, although compositional similarities do exist.

Digenea and Acanthocephala
The digeneans Paradistomum mutabile and Brachylaima
sp. (metacercariae) occur in both hosts. The prevalence of
infestation of P. mutabile in P. piryusensis (22.9%) and
P. lilfordi (10.9%) reveals that this is a common parasite.
The acanthocephalan Centrorhynchus sp. (larvae) shows a
low prevalence and intensity of infestation in both hosts.

Cestoda

Cestodes were found only in P. pityusensis. Two species,
0. gallica and N. rarentolae, were found as adults, while
D. acanthotetra and Mesocestoides sp. were found in the
larval stage in the body cavity of the host.

Nematoda

Nematodes are the main component of the helminth infra-
communities of P. pityusensis and P. lilfordi. Skrjabinodon
medinae, S. cabrerae, P. bulbosus, and P. micipsae are present
as adults in the two host species. Acuaria sp. and Spirurida
(genus not identified) were found as larvae in the body cavity
of hoth hosts. Strongyloides ophiusensis was recovered only
¢ P, pityuzensis, not from P. lilfordi; S. hoffrnanni and

+ en. were found only in P. lilfordi.

Helminth community diversity

Although 15 helminth species were recorded (rom
P. pityusensis and 11 from P. lilfordi, the average number pet
lizard never exceeded 1.35 and 0.93, respectively, and the
maximum number of helminths found in any individual lizard
was 5 and 4, respectively (Table 4). The total number !
helminth species in the populations of P. pitvusen: d
P. lilfordi greatly exceeded both the average an
maximum number of species per individual lizard.

Table 4 shows diversity parameters for the helminth infr.
communities of both hosts. Helminth richness, abundance.
and Brillouin's index are all higher in P. pirvusensis than
P. lilfordi. Nevertheless, the low values of Brillouin’s indes
for both hosts emphasize the low diversity of their helminth
infracommunities. _

Except for P. mutabile, the monoxenous species, mainh
pharyngodonid nematodes, show the highest prevalenc:
intensities of infection, so they make a greater contribu!
to the structure of the infracommunities.

Discussion

Paradistomum mutabile seems 1o be an exclusively insul!
species because it is present in islands of the Mediterranca®
basin and absent from the mainland. The presence ol
Brachviaima sv. (melacercariae) in some of the lizards
protesty i3+2stion of snails that are intermediate hov

Tt i J0m cycle of Brachylaima sp. requl’

Y B ¢
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TABLE 2. Infestation parameters of the helminths parasitizing Podarcis pityusensis

Intensity
of infection
Mean

Helminth species Site of infection  Prevalence” Range x abundance
Digenea

Paradistomum mutabile Gall bladder 129 (22.9) 1-56 8.1 1.8

Brachylaima sp. Intestine 1(0.2) - — —
Cestoda

Qochoristica gallica Intestine 25(44) 1-264 304 1.3

Ne tia tarentolae Intestine 19(3.4) 1-10 2.6 0.1

Diplopylidium acanthotetra Body cavity 16 (2.8) 1-35 10.1 0.3

Mesocestoides sp. Body cavity _9(1.6) 1-56 124 02
Nematoda

Skriabinodon medinae Cloaca ~ 67(11.9) 1-20 48 0.6

Spauligodon cabrerae Cloaca 193 (34.2) 1-222 209 T2

Parapharyngodon bulbosus Cloaca 104 (18.4) 1-134 176 32

Parapharyngodon echinatus  Cloaca 9(1.6) 1-14 46 0.1

Parapharyngodon micipsae Cloaca 123 (21.8) 1-15 4.6 1.0

Strongyloides ophiusensis Intestine 7(1.2) 1-37 9.7 0.1

Acuaria sp. Body cavity 5(0.9) 1-8 38 0.03

Spirurida gen. sp. Body cavity 6(1.1) 1-6 28 0.03
Aganthocephala

Centrorhynchus sp. Body cavity 4(0.7) 1-4 25 0.01

“Number of hosts parasitized divided by the number of hosts sampled (564). Values in parentheses are percentages.

TABLE 3. Infestation parameters of the helminths parasitizing Podarcis lilfordi

Intensity
of infection
Mean

Helminth species Site of infection  Prevalence” Range X abundance
Digenea

Paradistomum mutabile Gall bladder 42(10.9) 1-26 6.5 0.7

Brachylaima sp. Intestine 3(0.8) 1-2 1.3 0.01
Nematoda

Skrjabinodon medinze Cloaca 96 (24.9) 1-17 41 1.0

Spauligodon cabrerae Cloaca 161 (41.7) 1-109 122 5.1

Parapharyngodon bulbosus ~ Cloaca 14 (3.6) 1-14 6.5 0.2

Parapharyngodon micipsae Cloaca 25(6.5) 1-11 38 0.2

Skrjabinelazia hoffmanni Intestine 4(1.0) 1-5 2.0 0.02

Abbreviata sp. Intestine 1(0.3) 1 — —_

Acuaria sp. Body cavity 4(1.0) 1-20 6.8 0.1

Spirurida gen. sp. Body cavity 4(1.0) 1-6 28 0.02
Acanthocephala

Centrorhynchus sp. Body cavity 4(1.0) 1-5 23 0.02

“Number of host parasitized divided by the number of hosts sampled (386). Values in parentheses are percentages.

" terrestrial gastropods as intermediate hosts and a rodent

:.‘ llhc definitive host (Mas-Coma and Esteban 1983; Mas-

M il Feliu 1984), The presence of this trematode in
‘dccidental (Roca et al. 1989),

e I; :-I»;‘n have not been found in P. lilfordi. Larval forms

o .-u 'otetra and Mesocestoides sp.) are probably absent

tause their life cycle cannot be completed owing to a lack

0ol e 1
i detinitive hosts (cats or genets) in the islets near Menorca
Mero and Roca 1994),

The common nematodes in the infracommunities of
P. pityusensis and P. lilfordi are members of the Pharyngo-
donidae, of which S. cabrerae is an endemic species in the
Balearic Islands. Strongyloides ophiusensis, also an endemic
species, is the only Pityusic lizard specialist. No specialist
helminths have been described for the Balearic lizard
P. lilfordi. The rest of the adults that parasitize both hosts are
from generalist species (sensu Edwards and Bush 1989).
Spauligodon cabrerae could also be considered a specialist in
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FiG. 2. Frequency distribution of the species of the helminth
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FiG. 3. Frequency distribution of the species of the helmunih
community in P. lilfordi.

TABLE 4. Overall diversity parameters of the helminth infracommunities from both hosts

Proportion of
No. of helminth No. of sample with 0 or
Host n  species/host” helminths/host® Brillouin's index® 1 helminth species
P. pityusensis 564  1.35%1.02 164423122 024220292 0.60
(0=5) (0-420) (0-1.211)
P. lilfordi 386 0.93=0.74 745+12.84 0.108=0.200 0.81
(0-4) (0-110) (0-0.815)

*Values are given as the mean = SD. with the range in parentheses.

TABLE 5. Host characteristics proposed by Kennedy et al. (1986) to be used for predicting the diversity
of the Podarcis pityusensis and P. lilfordi communities

Depauperate Diverse
community community
(isolationist) (interactive)
Alimentary canal Simple R — Complex
Thermoregulation Ectothermy -— Endothermy
Vagility Low -— High
Diet Simple e Complex
Selective feeding
(generalists or specialists) No — Yes
Life cycles of helminths Indirect — » Direct
General trend Depauperate — Diverse
(i1solationist) (interactive)

lizards of the Balearic Islands because it is present in both
P. pityusensis and P. lilfordi but not in other European lizards.
We also suggest that the trematode P. mutabile is a Podarcis
specialist because it is always found parasitizing lizards of
this genus.

The low values of helminth richness and abundance
indicate that many members of the helminth infracommunities
occurred only irregularly and occasionally (Figs. 2 and 3).
This agrees with the typical pattern of helminth infection ¢
many reptiles, in which few species occur frequently, ©-v.
ssecies oncur with moderate prevalence, and many see -

are rare (Garcia-Adell and Roca 1988; Roca 1985: Roca o1
1986, 1989).

The helminth infracommunity of P. lilfordi is less divers-
than that of P. pityusensis. This is probably due to differentisl
infection by species with an indirect life cycle; for example-
0. gallica and N. tarentolae are absent in P. lilfordi, and th¢
intensity and abundance of P. mutabile are higher 1
P pityusensis than in P. lilfordi. In the case of heteroxenous
fuilmioths perasitizing lizards, the number of helminth specic

? *he number of individual helminths per host &
v Mivarsity. As P pityusensis lives on b
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islands (Eivissa, Formentera) and P. lilfordi only on smai,
islets. prey availability is greater for the former species. The
jeeding analysis by V. Pérez-Mellado (personal communi-
cation) and Corti and Pérez-Mellado (1991) showed that
p pirvusensis from Eivissa and Formentera fed on more
arthropod taxa than P, lilfordi, increasing the possibility of
niection by heteroxenous species.

I'he low diversity of the helminth infracommunities of

nvisensis and P lilfordi suggests that they are depauperate
_ommunities. Several characteristics of the host may be
responsible for the existence of these isolationist depauperate
communities (Table 5): ectothermy, the simplicity of the
alimentary canal, low vagility, a simple diet, generalist
feeding, and the small number of helminth species with a
direct life cycle (Aho 1990; Kennedy et al. 1986; Muzzall
1991u). Since lizards are ectotherms, environmental con-
imons limit potential recruitment and community devel-

mient of helminths by affecting both the feeding rates and
1umg behaviour of their hosts (Aho 1990). Lizards possess
Crelanively simple enteric system which does not seem to be
ton suited to supporting rich and abundant helminth faunas.
It 1s assumed that simple habitats provide fewer niches for
colonization. The lizards show low vagility and do not move
over large distances, usually living in very small isolated
islets, Their restricted movements facilitate the exploitation
ol hosts by parasites with a direct life cycle (such as the
Jiawal  oxyurids).  Altogether, the infracommunities of
wvusensis include 10 species with an indirect life cycle
* inonoxenous species; P. lilfordi, on the other hand, has
iwwieroxenous and 4 monoxenous species. But in both,
manoxenous species are most prevalent and abundant. On the
vencralist—specialist continuum, V. Pérez-Mellado (personal
communication) suggests that P. pirvusensis and P. lilfordi
should be considered generalist feeders. Nevertheless, it can
be shown that in some places, circumstances, and (or) time
perinds, these lizards feed on only one or a few prey types.
Tl pseudospecialization is due to a reduction in prey
+ Libility and does not eniail physiological or morpho-
I -l changes. relaxing when the trophic limitations no
luneer exist. The relative complexity of the lizards® diet does
not seem to play an important role in the establishment of
diverse communities, since in many cases this complexity is
drastically reduced as a result of low trophic availability
hcc;:us.: of the small size of the islets and (or) the poor fauna
o them.,

Thus. we can conclude that the helminth infracommunities
W1 pitvusensis and P. lilfordi are basically isolationist
hee e of their low diversity, the presence of few infra-
P4 stions, and the peculiar characteristics of the hosts, such
0 cetothermy, the simplicity of the digestive tract, and low
‘auility. The depauperate character of these helminth infra-
‘UMmunities agrees with those observed in other lizard
"Pecies (Garcia-Adell and Roca 1988: Roca 1985; Roca et al.

|_"Nh. 1989. 1990), these patterns being widespread amongst
“unan reptiles,
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