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Abstract - In an urban area of northern Slovenia, 145 nests of Delichon
urbica were collected. We describe the sex ratio of ectoparasites living in
the nests and the developmental cycles of Oeciacus hirundinis,
Ceratophyllus hirundinis and Stenepteryx hirundinis.
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Izvleéek - ZUNANIJI ZAJEDALCI V GNEZDIH MESTNE LAS-
TOVKE (DELICHON URBICA) V SLOVENII: 2. RAZMERJE MED
SPOLOMA IN RAZVOINI KROGI VRST OECIACUS HIRUNDINIS,
CERATOPHYLLUS HIRUNDINIS IN STENEPTERYX HIRUNDINIS

V urbanem okolju severne Slovenije smo zbrali 145 gnezd mestne las-
tovke (Delichon urbica). Pri zunanjih zajedalcih, ki smo jih naSli v
gnezdih, opisujemo razmerje med spoloma in razvojne kroge lastovicje
stenice (Oeciacus hirundinis), lastovicje bolhe (Ceratophyllus hirundinis)
in lastoviéje muhe (Stenepteryx hirundinis).

KLIUENE BESEDE: Delichon urbica, ektoparaziti, razvojni krogi vrst
Oeciacus hirundinis, Ceratophyllus hirundinis in Stenepteryx hirundinis.
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Introduction

In the first part of the article we discussed the faunistic survey of ectoparasites living
in the nests of Delichon urbica (Linnaeus, 1758) and their indices of occurrence and
indices of parasitism (TRILAR, 1998). Three species of ectoparasites were represented
in the collected samples in reasonable amounts to discuss their developmental cycles.
The present paper provides the sex ratio and developmental cycles of Oeciacus hirundi-
nis (Jenyns, 1839), Ceratophyllus hirundinis (Curtis, 1826) and Stenepteryx hirundinis
(Linnaeus, 1758).

Materials and Methods

Materials and methods are described in detail in the first part of this article (TRILAR,
1998).

Results

Table 1 gives the sex ratio for Oeciacus hirundinis, Ceratophyilus hirundinis, and
Stenepteryx hirundinis in groups of samples in each sampling and in all samplings
together. For Oeciacus hirundinis the ratio between males and females in all samplings
together was 1:1 (n=3497). For the two other species there were more females than
males, the ration being 1:1.4 (n=9877) for Ceratophyllus hirundinis, and 1:1.4 (n=56)
for Stenepteryx hirundinis. For Ceratophyllus rusticus it was 1:1.2 (n=187).

To reconstruct the developmental cycles of Oeciacus hirundinis, Ceratophyllus hirun-
dinis and Stenepteryx hirundinis, we used the data for occupied nests and for those
occupied in the previous nesting season only. The data for March (15 nests), May (3
nests), June (20 nests), September (26 nests), and November (3 nests) are from one
sampling, and for April (24 nests) the average of three samplings.

The adults of Oeciacus hirundinis were present in the nests of Delichon urbica dur-
ing the whole year (Figure 1). In March, they were represented with an average num-
ber of 31.0 and in April with 12.3. The most frequent were in May with 105.7. By June
the number of adults fell to 44.9 and by September to 38.9. In November they
increased again to 54.3 per nest.

In March, the 4" larval stage was most frequent with an average number of 9.3 fol-
lowed by the 5" stage with 9.1 and the 3" with 3.6, while the 1* and 2" stages were not
present (Figure 1). By April the number of larvae fell and the most frequent was the 3"
stage with an average number of 4.8, followed by the 4" with 4.0 and the 5" with 0.5 lar-
vae per nest; again the 1* and 2™ stages were not present. In May the number of larvae
increased, the most frequent was stage 5 with 14.0, then stage 4 with 6.0 and stage 3
with 0.7. For the first time also appeared in samples stage 1 with an average number of
0.3. By June the number of larvae rapidly increased and the most frequent were the 1¢
and 2" stages with an average number of 86.7 and 72.0, followed by the 3* and 4"
stages with 49.4 and 34.6, while the least frequent was stage 5 with 27.6. By September
the number of larvae fell and the most frequent was the 2™ stage with an average num-
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ber of 33.8, followed by the 3" stage with 17.6, the 4" stage with 11.6, the 1% stage with
10.1 and the 5" stage with an average number of 7.9. The most frequent in November
was stage 5 with 23.3, followed by stage 4 with 15.7 and stage 3 with 10.6, while the 1*
and 2" stages were not present.

Adults of Ceratophyllus hirundinis hatch from cocoons after the return of Delichon
urbica to the nest (Figure 2). The adults were first observed during the sampling in
May. Because of the nesting season of Delichon urbica with eggs in the nests, we col-
lected three samples only, not a representative sample and therefore not taken into
account. The average number of adults in June was 79.4 which in September increased
to 100.0. In November, one month after Delichon urbica migrated, no adults were pre-
sent.

In March, April and November no adults were observed during the samplings, but
they hatched during the treatment of samples on the Berlese-Tullgren funnels. In
March and April they copulated, but this was not observed in November. In March
there were on average 150.6 adults, in April 124.3, and in November 164.7 per nest.

According to the abundance of flea species in the collected Delichon urbica nests
(TRILAR, 1998), we assume that almost all flea larvae belong to Ceratophylius hirundi-
nis, and only a few of them to Ceratophyllus rusticus or Ceratophyllus fringillae.

The Siphonaptera larvae usually have three developmental stages (PEUS, 1968;
RosicKkY, 1957; ASKEw, 1971). In March and April they were not present in the nests.
In May the 1* developmental stage was the most frequent with an average number of
53.0, followed by the 2™ stage with 38.3, while the 3" stage was not present (Figure 2).
In June the number of larvae increased and the most frequent was stage 2 with an
average number of 304.8, followed by stage 3 with 185.8, while the smallest was stage 1
with 155.7. By September the number of larvae fell and the most frequent was the 3%
stage with 174.1, followed by the 2™ stage with 124.2, and the 1* stage with 60.6. In
November larvae were not present in the nests.

The puparions of Stenepteryx hirundinis were present in the nests at all seasons, but
because of the used method were not represented in the samples properly. In March
on average there were 0.13 adults, probably hatched during the treatment of samples
on the Berlese-Tullgren funnels, as in April adults were not found. In May there were
on average 1.0 adult per nest. In June the number increased to 2.45 and in September
decreased to an average of 0.03. In November adults were not found (Figure 3).

Discussion

Data about the ecology of fleas of the genus Ceratophyllus in literature are scarce,
found mainly in faunistic papers. Even worse is the data for Oeciacus hirundinis and
Stenepteryx hirundinis.

The expected sex ratio in newborn adults is 1:1, but it could shift either way.
Actually, the sex ratio is a reflection of regulation mechanisms in a population. In our
nests there were more females then males for Ceratophyllus hirundinis, Ceratophyllus
rusticus and Stenepteryx hirundinis, but the ratio was equal for Oeciacus hirundinis.

In Germany PeUS (1968) also found more females than males for Ceratophyllus
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hirundinis and Ceratophyllus rusticus. In eleven samplings the ratio for Ceratophyllus
hirundinis was between 1:1 and 1:1.6 and in nine samplings for Ceratophyllus rusticus
1:1 and 1:1.6 (calculated from PEus, 1968). The only exception was the sampling in
October in the Riigen area (Kap Arkona) where the Ceratophyllus rusticus sex ratio
was 2:1 (calculated from PEUS 1968). In Greece on the Oiti Mts. it was 1:2 for
Ceratophyllus hirundinis and on the Olympus Mts. 1:3.3 (calculated from PEUS, 1954).

The developmental cycles of ectoparasites are dependent on the Delichon urbica
annual cycle. Delichon urbica returns from its migration to nests at the end of April.
During the sampling in May there were eggs in the nests, in June juveniles of the first
offspring and in September feathered juveniles of the second offspring. Delichon
urbica leave the nests at the end of September.

Delichon urbica is in the nests five months during the nesting season, the remaining
seven being on migration. Thus, for ectoparasites there are short period of opulence,
followed by long periods of starvation or staying in an inactive stage.

In the developmental cycle of Oeciacus hirundinis there are three groups with differ-
ent characteristics of development (Figure 1): adults, 1* and 2™ larval stages, and 3, 4*
and 5" larval stages.

Adults were the most common stage during the winter, slightly decreasing from
November up to March and April. They were most abundant in May, because after the
return of Delichon urbica the overwintered larvae took the blood meal and quickly
developed to the adult stage—a blood meal being the condition for the development to
the next stage (USINGER, 1966). After this first spring blood meal, adults copulated and
laid eggs. Till June the number of adults decreased, probably because of the death of
overwintered adults and partly the dispersion and repopulation of new nests. During
the summer months the number of adults was more or less constant. In autumn, after
departure of Delichon urbica, the number of adults increased as some larvae finished
metamorphosis.

The 1* and 2" larval stage are not capable of surviving the winter, probably because
they are too fragile and less chitinized. They first appeared in May when Delichon
urbica began hatching eggs. In June both stages were the most abundant of all larvae.
By September the 1* larval stage decreased, probably because adults stopped laying
eggs, but the 2™ stage was still the most abundant. In November neither of both stages
was present. Some of them probably died of cold and starvation, or developed to the
3 stage that is capable of overwintering.

The larvae of the 3%, 4" and 5" stages were present in the nests during all the winter,
but their number slightly decreased from November till March and April. The 3* and
4™ stages decreased even more till May, as after the return of Delichon urbica to the
nests they obtained a blood meal and continued to metamorphose. Thus, the 5" stage
was the most abundant stage in May. All three stages rapidly increased till June
because of the rapid development of the larvae of lower stages. Till September there
was a slight decrease of all three stages. In autumn, after the departure of Delichon
urbica, the development of larvae finished as the blood meal was not available any-
more.

The adults of Stenepteryx hirundinis were present in the nests from May till
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September (Figure 3), while the puparions were present during all seasons.

Ceratophyllus hirundinis overwintered as an adult in a cocoon. After Delichon urbica
leave their nests, larvae bring to an end their development, spin a cocoon, and meta-
morphose to pupae. The pupal stage is short because they quickly metamorphose to
adults. They wait in the cocoons to hatch in favorable conditions. The stimulus is
spring warmth (BATES, 1962) or warmth of the host returning to the nest. DARSKAJA
(1964) and CypRICH et al. (1988) found the same scheme. DARSKAJA (1964) also classi-
fied Ceratophyllus hirundinis into the group of fleas in which adults are found outside
the cocoons only during that part of the year when they reproduce. DARSKAJA (1964)
and CyPRICH et al. (1988) also discovered that the occurrence of free adults is bound
to the presence of a host in the nest.

The number of overwintered adults in cocoons is one third higher than those of the
nesting season. The reason could be the adult spring dispersion and the repopulation
of new nests. DARSKAJA (1964) suggested that Ceratophylius hirundinis did not migrate,
but the CYPRICH et al. (1988) results support the assumption of spring dispersion. In
July PEUS (1968) found large numbers of dead fleas, as did JURIK (1974) during the
spring months when the juveniles of Delichon urbica were present in the nests. This
fact could support the hypothesis that Ceratophyllus hirundinis does not migrate
(CyPRICH et al., 1988). The method we used to separate the animals from the nests was
unable to obtain dead fleas.

The flea larvae were present in the nests from May till September. JURIK (1974) also
reports the same period for the Czech Republic. CypricH et al. (1988) in south-west
Slovakia found the larvae in the nests from April till December.

The occurrence of larvae and adults (Figure 2) suggests the existence of one genera-
tion of Ceratophyllus hirundinis within a year in Slovenia. Both JURIK (1974) and
DARSKAJA (1964) have the same thesis. CYPRICH et al. (1988) on the basis of bimodali-
ty of larvae and females with eggs suggests that there are two generations, but in the
same study, on the basis of the occurrence of individual age categories, he also consid-
ers only one generation. Ceratophyllus hirundinis probably has one generation a year
with a minor part of the population that might have two generations under favourable
conditions (CYPRICH et al., 1988).

While these findings are extremely interesting, we are not in a position to say
whether they are valid or not. We obviously need further studies with different meth-
ods to finally resolve this question.
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Hemiptera Siphonaptera Diptera
Oeciacus Ceratophyllus Stenepteryx
hirundinis hirundinis hirundinis
Locality  [Date 33 (%) [ 29 (%) [ 33 (%) [ 22 (%) [ 33 (%) | 22 (%)
Planina 26.3.1993 66.9 33.1 411 58.9 - -
Savska loka 8.4.1993 47.6 52.4 40.5 59.5 - -
Bled 9.4.1993 66.7 33.3 36.1 63.9 - -
Bled 15.4.1992 22.5 77.5 45.8 54.2 - -
Savska loka | 23.5.1994 55.9 44 1 - - - -
Savska loka | 22.6.1993 40.4 59.6 45.8 54.2 42.0 58.0
Savska loka 6.9.1993 49.0 51.0 40.2 59.8 - -
Bled 21.11.1992 60.7 39.3 47.4 52.6 - -
| Together 50.6 49.4 41.8 58.2 41.1 58.9

Table 1: Sex ratio of ectoparasites in the nests of Delichon urbica
- = insufficient data
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Fig. 1: Developmental cycle of Oeciacus hirundinis
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Figure 2
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Fig. 2: Developmental cycle of Ceratophyllus hirundinis
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Figure 3
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Fig. 3: Developmental cycle of Stenepteryx hirundinis
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