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Hostlparasite postfire responses: the helrninths of Apodemus sylvaticus (Rodentia, Muridae) as bioindicators 
o f  its rnovements after fire.- The close relationships between helminth parasites (trematodes, cestodes, 
nematodes and acanthocephalans) and their hosts are able to yield a variety of information. Likewise, 
environmental characteristics exert a marked influence on both the host communities and on those 
stages of the helminth biological cycles thaf develop in the externa1 environment (¡.e. eggs, larvae). The 
present paper investigates two Mediterranean ecosystems affected by fire, with the aim of determining 
the value of the helminths of a typical recolonizing small mammal (Apodemus sylvaticus) as bioindicators 
of host movements after fire. For this purpose, an index of similarity is presented to reflect helminth 
species'importance in both burnt and control areas. 
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lntroduction 

In addition to the major importance of para- 
sites in medical pathology and in veterinary 
practice, parasitological studies have been 
found to  provide important and varied in- 
formation on the characteristics of their 
hosts. Helminths (trematodes, cestodes, 
nematodes and acanthocephalans) may 
provide highly useful data on the biology, 
ecology, biodiversity, biogeography, sys- 
tematization, evolution and phylogeny of 
their hosts (see reviews by MAS-COMA, 1992 
and THOMAS et al., 1996). Emphasis should 
be placed on the importance of parasites, 
particularly of  helminths, as specific bio- 
logical tags. 

In the Mediterranean regions the spread 
and proliferation of forest fires has become 
a matter of considerable concern, so that 
research aimed at evaluating the conse- 
quences of fire upon the flora and fauna of 
the affected zones is needed. Studies ad- 
dressing the scarring and recovery of burnt 
ecosystems, are of rnaximurn priority for they 
allow the in  situ evaluation of the hypoth- 
esis of ecological succession. 

The results reported to  date in the Medi- 

terranean regions suggest that the study 
of the dynamics of parasite populations in 
animals captured in areas affected by fire 
represent a new source of information 
about the scarring processes of the affected 
areas. It i s  evident that host dissernination 
strategy after fire has repercussions upon 
its parasitic fauna, which can thus be used 
as an indicator of  recolonization. The 
parasitological data confirm those obtained 
in studies of the repopulation dynamics of 
the hosts in zones affected by fire, which is 
in turn dependent upon vegetation re- 
generation speed. To date, the results ob- 
tained indicate that parasites may be used 
as biological tags of regeneration in areas 
affected by fire (GALAN- PUCHADES et al., 
1990, 1992, 1993, 1996; FELIU et al., 1993; 
FUENTES et al., 1993; GALAN-PUCHADES & FUENTES, 
1996). 

In the present study, an example which 
reflects the correspondence among the rnove- 
ments of small mammals after fire, regenera- 
tion of the vegetation, and the helminth 
fauna from the affected zones is presented. 
The rodentlparasite model (Apodemus 
sylvaticuslhelminths) in two Mediterranean 
ecosystems affected by fire is used. 

Fig. 1. Geographical localization of the studied areas. 
Localización geográfica de las áreas de estudio. 
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Material and methods 

Studies by FONS et al. (1988, 1993) in two 
Mediterranean ecosystems affected by fire 
established the dynamics of recolonization 
by small mammals (specifically, insectivores 
and rodents) in the successive years after the 
fire. The study areas were located in the 
Massif of Aspres, Department of the Eastern 
Pyrenees, in the South of France and near 
the locality of  Oms (FONS et al., 1988); and in 
the Alberes mountains (province of Gerona) 
in the north of Spain near La Jonquera (FONS 
et al., 1993). The two areas are separated by 
about 40 km (fig. 1). 

In order to  carry out the helminthological 
study, we analysed material from hosts found 
dead in traps used in the studies of FONS et 
al. (1988, 1993). Host material analysed in- 
cluded 432 long-tailed field mice A. sylvaticus 
(Linnaeus, 1758) (Rodentia, Muridae), of  
which 279 were from the burnt ecosystems 
(147 from the fire near Oms and 132 from 
the fire of La Jonquera), versus 153 from 
unburnt (control) areas. The control areas 
were chosen taking into account their eco- 
logical similarity (fundamentally edaphic and 
concerning vegetation cover) to the affected 
zones before the fire. These areas included 
trapping stations in proximity to  both burn 
areas. 

The helminths detected were studied us- 
ing common helminthological techniques. 
Trematodes were stained with Grenacher's 
boracic carmine, and cestodes with alcoholic 
chlorhydric carmine. Plathyhelminths were 
later differentiated with acidified alcohol, 
dehydrated in an alcohol series, cleared with 
xylene and mounted in Canada balsam be- 
tween slide and coverslip. Nematodes were 
studied by direct examination between slide 
and coverslip wi th  clearing f lu id (e.g. 
lactophenol). No acanthocephalans were 
found. 

The composition of the isolated helminth- 
fauna in the burnt zones was studied on a 
yearly basis over the years following the fire. 
Helminth postfire communities were com- 
pared between years using Sorensen similar- 
ity index, as calculated in MAGURRAN (1988). 
This index i s  designed t o  equal 1 in cases of 
complete similarity (when the two sets of 
species compared are identical) and O i f  the 
sites are dissimilar and have no species in 

common. In order to  investigate the degree 
of similarity of  the helminths of each pair of 
helminthfaunas considered, al1 possible pair- 
ing combinations were tested. 

The values obtained for the comparison of 
each pair of helminthfaunas were arranged 
in the form of trellis diagrams (MACFADYEN, 
1954), widely employed in the analysis of both 
plant and animal communities. 

Results 

Table 1 specifies the qualitative composition 
and type of life cycle [indirect cycles with 
intermediate host(s) or direct cycles without 
them] of the helminthfaunas of the field 
mouse detected in the two burnt areas dur- 
ing the years after the fire, and of the con- 
trol helminthfauna. Tables 2 and 3 show the 
results of  Sorensen's index of similarity ar- 
ranged in trellis diagrams. 

Oms fire 

The helminthfauna that qualitatively exhib- 
ited the greatest richness in terms of the 
number of species detected corresponded 
to  specimens of A. sylvaticus from surround- 
ing unburnt areas. Excluding those hel- 
minths which dueto preservation deficien- 
cies could not be specifically identified (Hy- 
menolepis sp. indet. and Aonchotheca sp. 
indet.), 16 helminth species were found in 
the control field mice: 1 trematode, 4 cesto- 
des and 11 nematodes. The helminthfauna 
found in A. sylvaticus captured in the burnt 
zone during the second postfire year exhib- 
ited the greatest qualitative richness (13 spe- 
cies: 3 trematodes and 10 nematodes) of  
the helminthfaunas detected in the postfire 
years investigated. In the course of the third 
and fourth years after the fire a decrease 
was recorded in the number of species 
found (possibly due to  a loss of specimens, 
preferentially those which present an indi- 
rect life cycle) followed by a recovery dur- 
ing the f i f th year. 

Regarding the control helminthfauna, the 
results in Oms (table 2) show that the 
helminths of A. sylvaticus studied in the sec- 
ond postfire year exhibited the greatest simi- 
larity with respect to  the helminths from 
unburnt zones. In the third and fourth years 
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I areas during the post-fire years: 0. 0;ns; J. La jonquera; AS. 
N. Nurnber of  A.s. exarnined; ILC. lndirect life cycle; DLC. Direct 
imentally dernonstrated. 

alitativa de las helmintofaunas de Apodemus sylvaticus en las zonas 
ro l  durante los sucesivos años postincendio: 0. 
Ivaticus; N. Número de As. examinados; ILC. Cicl 
co directo; ? Sin demostrar experimentalmente. 

Trernatoda 

Cestoda 

Taenia parva larvae l ILC 

S. frederici l DLC 

after the fire the helminthfaunas found in On considering the helminthfaunas of the 
- the hosts analysed exhibited the least relation postfire years, those recorded in the second 

to  the controls, followed by a recovered sirni- and fifth years exhibited the highest index 
larity in the course of the fifth postfire year. of sirnilarity. 
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diagram showing Sorensen's 
indexes of similar¡¡ between the helmint 
of Apodemus sylvaticus in the years aft 
the .fire of 0ms (2nd-5th) and in the 
control (C). 

Diagramas de Trellis mostrando el 
resultado de la aplicación del índice de 
snnilaridadde Sorensen a las helmintDfaunas 
de Apodemus sylvaticus entre los años 
tras el  incendio de Oms (del 2" a l  So) y 
1 control (C). 

La Jonquera fire 

In the case of the fire near La Jonq~iera, the 
richest helminthfauna corresponded (as in the 
case of the fire at Oms) to the second postfire 
year, with a total of  10 species (2 cestodes 
and 8 nematodes). In the following years, a 
qualitative impoverishment was recorded, with 
few fluctuations as t o  the number of species 
found. The helminths whose presence is prac- 
tically constant throughout the period of 
study always exhibit direct life cycles (¡.e. 
Heligmosomoides polygyrus, Syphacia stroma, 
S. fredericb. 

The similarity study (table 3) regarding the 
control helminthfauna showed that, as in the 
case of the Oms fire, the helminths obtained 
from A. sylvaticus in the second year after the 
fire exhibited the closest relation t o  those 
o b s e ~ e d  in the unburnt areas. However, the 
most similar helminthfaunas from among the 
possible pairs examined were found to  corre- 
spond to  the third and fourth postfire years. 

The joint discussion of the results correspond- 
ing to  both fires is schematically reflected in 
figure 2. Despite the fact that findings should 

be analysed with caution due to  the low 
number of animals recorded in certain years, 
parasitological data seem to follow the re- 
sults obtained in studies of the repopulation 
movements of A. sylvaticus in areas affected 
by fire, and are in accordance with the re- 
generation rate of the vegetation cover. 

Host dissemination strategies after fire 
clearly have repercussions upon parasitic fau- 
nas which may thus be used as a biological 
tag of colonization. Thus, in studies con- 
ducted to  obtain information on the impact 
of fire and the scarring process of burnt Medi- 
terranean ecosystems, mention is deserved of 
the value of helminths as bioindicators of 
postfire host movements. 

However, it must be pointed out that as 
the medium involved is not a closed system 
(¡.e., the burnt zone should be regarded as 
an "open continental isolate"), the surface 

i 
affected by fire continues to  receive an influx 
of hosts from unaffected peripheral areas. 
These individuals gain access to  the burnt 
area along with their non-reduced helminth- 
fauna, which may thus partly mask the effects 
of postfire perturbations that tend to  mini- 
mize the presence of certain parasites. 

indexes of similar¡¡ between thé helminths 
of Apodemussy/vdt/ius in the years after 

the control (C). 

resultado de la aplicación del índice de 
similaridadde Sorensen a las helmintohunas 
de Apodemus sylvaticus entre los aRos 
tras e l  incendio de La Junquera (del 2" 
al 6") y el  control (C). 



Oms fire 

The studies of the recolonization dynamics 
of small mammals after the Oms fire were 
carried out by FONS et al. (1988). In the first 
year after the fire very few animals were 
captured in the affected areas, dueto both 
specimen deaths and escape to  safer zones. 
According t o  FONS et al. (1988). it is in the 
second postfire year when A. sylvaticus be- 
gins to  invade the burnt area. The parasi- 
tological findings confirm these recolonizing 
movements of the field mouse, for the 
helminthfauna recovered from the speci- 
mens studied in the second postfire year 
exhibits a high index of similarity t o  the 
helminthfauna detected in the control area. 
This similarity suggests that, in view of the 
absence of fire effects in the helminthfauna 
detected in this second year, the parasites 
observed in the burnt zone correspond to  
an introductory or allochtonous helminth- 
fauna, ¡.e., introduced along with the cor- 
responding host specimens that colonize the 
burnt areas from the control zones. 

The first responses t o  the different 
perturbations produced by the fire are seen 
in the third and fourth postfire years, when 
the indexes of similarity with respect to  the 
controls are at their lowest. These results 
also confirm the fact that i t  is after the third 
postfire year that the field mouse popula- 
tion in the burnt area stabilizes (FONS et al., 
1988); as a result, at least some of the indi- 
vidual~ captured in this zone over these years 
correspond to  animals that live in the af- 
fected areas, and their helminthfaunas should 
by then reflect the effects of the alterations 
caused by the fire (¡.e., lack of a vegetation 
cover, drying and heating of the ground, 
the depletion of invertebrate populations, 
the absence of predators, etc.). These obser- 
vations imply a qualitative impoverishment 
of the helminthfaunas due to  a potential 
loss of species that are unable to  complete 
their life cycles. 

During the f i f th year, the helminths de- 
tected again exhibit clear similarities to  the 
controls, thus suggesting a gradual return 
of the field mouse helminthfauna recorded 
in the unburnt areas. Thus, likewise in this 
year, the helminths corroborate the repo- 
pulation dynamics of A. sylvaticus, for the 
studies of this mouse reveal that in the f i fth 
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postfire year the return t o  the initial status 
is quite apparent, with a stabilization of 
the population dynamics, a sex ratio of close 
to  1 and an age group distribution similar 
t o  that seen in the control zones (FONS et 
al., 1988). 

La Jonauera fire 

FONS et al. (1993) investigated the postfire 
recolonization dynamics of the small mam- 
mal community in  the  f i re  near La 
Jonquera. 

As regards the repopulation dynamics of 
A. sylvaticus, the helminthologic results show 
that, as in the case of the Oms fire, the field 
mouse helminthfauna corresponding to  the 
second postfire year exhibits the greatest simi- 
larities to  the control zone. This similarity 
suggests the presence of a helminthfauna 
introduced along with the colonizing hosts 
originating from the unburnt control area. 
These parasitological observations agree with 
the mastozoological findings of FONS et al. 
(1993). These authors found the A. sylvaticus 
population to  peak in March of the second 
year after the fire. 

As regards the subsequent postfire years, 
i t  should be taken into account that addi- 
tional specimens of A. sylvaticus could not 
be studied in certain years because only 
material found dead in traps was used; the 
sacrifice of further animals would have al- 
tered the natural recolonization process. 
Therefore, the qualitative impoverishment 
in the helminthfauna recorded in the sub- 
sequent years could also have been related 
to  the limited number of samples obtained. 
However, in La Jonquera, and unlike the 
situation in Oms, there appear to have been 
fewer fluctuations in the number of para- 
site species in the course of the years stud- 
ied. This parasitological situation could sug- 
gest two different circumstances. On one 
hand, the burnt characteristics in this zone 
could have caused the study area t o  be less 
affected, the parasitological responses 
therefore being less apparent. On the other 
hand, a number of factors could have led 
to  a faster recovery of the burnt area. This 
latter possibility would imply the absence 
of a major loss of parasites as that observed 
in the case of the Oms fire. 

The results reported by FONS et al. (1993) 
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Fig. 2. Diagram showing the results obtained in Oms and La Jonquera fires by FONS et al. 
(1988,1993) regarding the dynarnics of post-fire recolonization by Apodemussylvaticus 
and the helminthological results: Yp-f. Year post-fire; As. Apodemussylvati 

Esquema de los resultados obtenidos por Fo~s et al. (1988, 1993) sobre la d 
recolonización postincendio de Apodernus sylvaticus en Oms y La Junquera 
mente con los resultados helmintológicos obtenid 
Apodemus sylvaticus. 

support this latter possibility, based on the 
parasitological findings. According to  these 
authors, after the A. sylvaticus population 
peak in March of the second postfire year, a 
sharp decrease was noted followed by popu- 
lation fluctuations. In the fire near La 
Jonquera, the decrease in the population of 
A. sylvaticus was faster than usual. FONS et al. 
(1993) pointed out that this could be ex- 
plained by a faster vegetation recovery, the 
latter in turn being dueto high rainfall and 
mild temperatures in the first months and 
years after the fire. 

The heavy work in the field could not have 
been accomplished without the help of MM. 

B. Batailler, l. Grabulosa, J. P. Clara, Th. Fons 
and G. Sauvy, to  whom we wish to  express 

i ourigratitude. 

Resumen I 
Respuestas postincendio del modelo hospe- 
dadorlparásito: los helmintos de Apodemus 
sylvaticus (Rodentia, Muridae) como bioin- 
dicadores de su movimiento tras el  paso del 
fuego 

Los helmintos parásitos (trematodos, cesto- 
dos, nematodos y acantocéfal'os) son capaces 
de proporcionar una variada información 
sobre sus hospedadores debido a las 
estrechas relaciones con ellos establecidas. 
Asimismo, las características medioarnbien- 
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tales ejercen una notable influencia, tanto 
sobre las comunidades hospedadoras como 
sobre aquellas fases del ciclo biológico de 
los helmintos que transcurren en el medio 
externo (huevos, larvas). En el presente 
trabajo se determina, en dos ecosistemas 
mediterráneos afectados por el fuego (fig. l), 
el papel de los helmintos de un típico 
micromamífero recolonizador (Apodemus 
sylvaticus), como bioindicadores de sus 
movimientos tras el paso del fuego. Para ello 
se utiliza un índice de similaridad aplicado al 
estudio de las faunas helmintianas de 
hospedadores procedentes tanto de zonas 
quemadas como de zonas indemnes utilizadas 
como control. Los resultados obtenidos 
muestran cómo las helmintofaunas detectadas 
en ambas zonas de estudio (tabla 1) y en 
base a los resultados obtenidos tras la 
aplicación del índice de Sorensen (tablas 
2, 3), muestran los movimientos seguidos 
por el ratón de campo en los años sucesivos 
al paso del fuego. Así, es destacable, que en 
ambos casos, es durante el segundo año post- 
incendio cuando se capturan en las zonas 
quemadas animales que presentan las 
helmintofaunas más similares a la que 
presentan en zonas no quemadas circun- 
dantes, mostrándose con ello el origen de la 
colonización de los hospedadores. Tras unos 
años de menor similitud entre zonas que- 
madas y testimonio por causa de las pérdidas 
de especies y10 imposibilidad de consecución 
de ciclos biológicos en las áreas afectadas por 
el fuego, se tiende a una progresiva mayor 
similitud de las helmintofaunas con respecto 
al control. como resultado de la regeneración 
del medio tras el incendio (véase el proceso 
esquematizado en la fig. 2). 
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