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Abstract - In an urban area of northern  Slovenia, 145 nests of Delichon 
urbica were collected. W e describe the sex ratio of ectoparasites living in 
th e  n e s ts  and  th e  d e v e lo p m e n ta l  cycles o f O eciacus h iru n d in is , 
Ceratophyllus hirundinis and Stenepteryx hirundinis.
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Izvleček - Z U N A N JI Z A JE D A L C I V G N E Z D IH  M E S T N E  L A S ­
TO V K E {D ELIC H O N  URBICA) V SLOVENIJI: 2. R A Z M E R JE  M ED 
SPOLOM A IN R A ZV O JN I K R O G I V RST O ECIACUS HIRUNDINIS, 
C ERATO PH YLLU S H IRU N D IN IS  IN STE N E P TE R YX  H IRU N D IN IS  

V urbanem  okolju severne Slovenije smo zbrali 145 gnezd m estne las­
tovke (D elichon urbica). Pri zunan jih  za jedalcih , ki sm o jih  našli v 
gnezdih, opisujem o razm erje med spolom a in razvojne kroge lastovičje 
stenice (Oeciacus hirundinis), lastovičje bolhe (Ceratophyllus hirundinis) 
in lastovičje m uhe (Stenepteryx hirundinis).

Ključne besed e: D elichon urbica, ek to p a raz iti, razvojn i k rogi 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  ( T r i l a r , 1998). Three species of ectoparasites were represented 
in the collected samples in reasonable am ounts to discuss their developm ental cycles. 
The present paper provides the sex ratio and developm ental cycles of Oeciacus hinindi- 
nis (Jenyns, 1839), Ceratophyllus hirundinis (Curtis, 1826) and Stenepteiyx him ndinis 
(Linnaeus, 1758).

Materials and Methods

M aterials and m ethods are described in detail in the first part of this article ( T r i l a r , 

1998).

Results

Table 1 gives the sex ratio for Oeciacus hirundinis, Ceratophyllus himndinis, and 
Stenepteiyx hirundinis in groups of sam ples in each sam pling and in all sam plings 
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 m ore females than 
males, the ration being 1:1.4 (n=9877) for Ceratophyllus himndinis, and 1:1.4 (n=56) 
for Stenepteiyx himndinis. For Ceratophyllus msticus it was 1:1.2 (n=187).

To reconstruct the developm ental cycles of Oeciacus himndinis, Ceratophyllus h im n ­
dinis and Stenepteiyx hirundinis, we used the data for occupied nests and for those 
occupied in the previous nesting season only. The data for M arch (15 nests), May (3 
nests), June (20 nests), Septem ber (26 nests), and November (3 nests) are from  one 
sampling, and for April (24 nests) the average of three samplings.

The adults of Oeciacus himndinis were present in the nests of Delichon urbica dur­
ing the whole year (Figure 1). In M arch, 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  n u m b er of adu lts fell to  44.9 and  by S ep tem b er to 38.9. In  N ovem ber they 
increased again to 54.3 per nest.

In M arch, the 4"’ larval stage was most frequent with an average num ber of 9.3 fol­
lowed by the 5th stage with 9.1 and the 3rd with 3.6, while the 1st and 2nd stages were not 
p resent (Figure 1). By April the num ber of larvae fell and the most frequent was the 3rd 
stage with an average num ber of 4.8, followed by the 4th with 4.0 and the 5"' with 0.5 lar­
vae per nest; again the 1st and 2nd stages were not present. In May the num ber 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 num ber of 
0.3. By June the num ber of larvae rapidly increased and the most frequent were the 1st 
and 2nd stages with an average num ber of 86.7 and 72.0, followed by the 3rd and 4,h 
stages with 49.4 and 34.6, while the least frequent was stage 5 with 27.6. By Septem ber 
the num ber of larvae fell and the most frequent was the 2nd stage with an average num ­
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ber of 33.8, followed by the 3ri1 stage with 17.6, the 4"' stage with 11.6, the 1st stage with 
10.1 and the 5th stage with an average num ber 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 I s1 
and 2nd stages were not present.

Adults of Ceratophyllus himndinis 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 num ber of adults in June was 79.4 which in Septem ber increased 
to 100.0. In November, one m onth after Delichon urbica m igrated, no adults were p re­
sent.

In M arch, April and November no adults were observed during the samplings, but 
they hatched  during the trea tm en t of sam ples on the B erlese-Tullgren funnels. In 
M arch and April they copulated, but this was not observed in November. In M arch 
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 Ceratophyllus him ndi­
nis, and only a few of them  to Ceratophyllus nisticus or Ceratophyllus fringillae.

T he S iphonap tera  larvae usually have th ree developm ental stages (P eus, 1968; 
R osicicy, 1957; A skew, 1971). In M arch and April they were not present in the nests. 
In May the 1st developm ental stage was the most frequent with an average num ber of 
53.0, followed by the 2nd stage with 38.3, while the 3rd stage was not present (Figure 2). 
In June the num ber of larvae increased and the most frequent was stage 2 with an 
average num ber of 304.8, followed by stage 3 with 185.8, while the smallest was stage 1 
with 155.7. By Septem ber the num ber of larvae fell and the most frequent was the 3rd 
stage with 174.1, followed by the 2nd stage with 124.2, and the l sl stage with 60.6. In 
November larvae were not present in the nests.

The puparions of Stenepteiyx hirundinis were present in the nests at all seasons, but 
because of the used m ethod were not represented in the samples properly. In M arch 
on average there were 0.13 adults, probably hatched during the treatm ent 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 num ber increased to 2.45 and in Septem ber 
decreased to an average of 0.03. In November adults were not found (Figure 3).

Discussion

D ata 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 
Stenepteiyx hirundinis.

T he expected  sex ra tio  in new born adults is 1:1, bu t it could shift e ith e r way. 
Actually, the sex ratio is a reflection of regulation mechanisms in a population. In our 
nests there were m ore females then males for Ceratophyllus himndinis, Ceratophyllus 
msticus and Stenepteiyx hirundinis, but the ratio was equal for Oeciacus himndinis.

In  G erm any Peus (1968) also found m ore fem ales than males for Ceratophyllus
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him ndinis and Ceratophyllus msticus. In eleven samplings the ratio for Ceratophyllus 
himndinis was between 1:1 and 1:1.6 and in nine samplings for Ceratophyllus msticus 
1:1 and 1:1.6 (calculated from Peus, 1968). The only exception was the sampling in 
O ctober in the Rügen area (Kap A rkona) where the Ceratophyllus msticus sex ratio 
was 2:1 (ca lcu la ted  from  Peus 1968). In G reece  on the O iti M ts. it was 1:2 for 
Ceratophyllus hirundinis and on the Olympus Mts. 1:3.3 (calculated from Peus, 1954).

T he developm ental 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 S eptem ber fea thered  juveniles of the second offspring. D elichon  
urbica leave the nests at the end of Septem ber.

Delichon urbica is in the nests five months during the nesting season, the rem aining 
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 developm ental cycle of Oeciacus himndinis there are three groups with differ­
ent characteristics of developm ent (Figure 1): adults, 1st and 2nd larval stages, and 3rd, 4th 
and 5th larval stages.

A dults were the m ost com m on stage during the w inter, slightly decreasing from 
Novem ber up to M arch and April. They were most abundant in May, because after the 
re tu rn  of Delichon urbica the overw intered larvae took the blood meal and quickly 
developed to the adult stage-a blood meal being the condition for the developm ent to 
the next stage (U singer, 1966). A fter this first spring blood meal, adults copulated and 
laid eggs. Till June the num ber of adults decreased, probably because of the death of 
overwintered adults and partly the dispersion and repopulation of new nests. D uring 
the sum m er m onths the num ber of adults was m ore or less constant. In autum n, after 
departure  of Delichon urbica, the num ber of adults increased as some larvae finished 
m etam orphosis.

T he 1st and 2nd 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 Septem ber the 1st larval stage decreased, probably because adults stopped laying 
eggs, but the 2nd 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 
3rd stage that is capable of overwintering.

The larvae of the 3rd, 4th and 5lh stages were present in the nests during all the winter, 
but their num ber slightly decreased from  November till M arch and April. The 3rd and 
4th stages decreased even m ore till May, as after the return of Delichon urbica to the 
nests they obtained a blood meal and continued to m etam orphose. Thus, the 5th stage 
was the m ost abundan t stage in May. All th ree  stages rapidly increased  till June  
because of the rapid developm ent of the larvae of lower stages. Till Septem ber there 
was a slight decrease of all three stages. In autum n, after the departure of Delichon 
urbica, the developm ent of larvae finished as the blood meal was not available any­
more.

T h e  adu lts  o f Stenepteryx h irundin is  w ere p re se n t in th e  nests  from  M ay till
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Septem ber (Figure 3), while the puparions were present during all seasons.
Ceratophyllus himndinis overwintered as an adult in a cocoon. A fter Delichon urbica 

leave their nests, larvae bring to an end their development, spin a cocoon, and m eta­
m orphose to pupae. The pupal stage is short because they quickly m etam orphose to 
adults. They wait in the cocoons to hatch in favorable conditions. T he stim ulus is 
spring warm th (Bates, 1962) or warm th of the host returning to the nest. D arskaja 
(1964) and Cyprich et al. (1988) found the same scheme. D arskaja (1964) also classi­
fied Ceratophyllus himndinis into the group of fleas in which adults are found outside 
the cocoons only during that part of the year when they reproduce. D arskaja (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 num ber 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. D arskaja (1964) suggested that Ceratophyllus himndinis did not migrate, 
but the Cyprich et al. (1988) results support the assumption of spring dispersion. In 
July Peus (1968) found large num bers of dead fleas, as did Jurik (1974) during the 
spring m onths when the juveniles of Delichon urbica were present in the nests. This 
fact could su p p o rt the  hypothesis tha t Ceratophyllus hirundinis does no t m igrate  
(Cyprich et al., 1988). The m ethod 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 Septem ber. 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 w ithin a year in Slovenia. B oth Jurik (1974) and 
D arsio\ja (1964) have the same thesis. Cyprich et al. (1988) on the basis of bim odali­
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 himndinis probably has one generation a year 
with a m inor part of the population that might have two generations under favourable 
conditions (Cyprich et al., 1988).

W hile these findings are extrem ely in teresting , we are not in a position  to say 
w hether they are valid or not. We obviously need further studies with different m eth­
ods to finally resolve this question.
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Hemiptera Siphonaptera Diptera
Oeciacus

hirundinis
Ceratophyllus

hirundinis
Stenepteryx

hirundinis
Locality Date SS (%) $?(%) <33 (%) 22 (%) S3 (%) ??(% )
Planina 26.3.1993 66.9 33.1 41.1 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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Figure 1

Fig. 1: Developm ental cycle of Oeciacus hirundinis
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Figure 2

Fig. 2: Developm ental cycle of Ceratophyllus hirundinis
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Figure 3

Fig. 3: Developm ental cycle of Stenepteiyx hirundinis
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