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 ABSTRACT. Tick females were collected from naturally infected sheep. The biological 
parameters under investigation were: the engorged females weight, egg weight, number of 
eggs, preoviposition period, oviposition period, incubation period, the conversion efficiency 
index (CEI) and reproductive efficiency index (REI) in natural and laboratory conditions. 
 The weight of engorged Dermacentor marginatus females was between 0.278 and 
0.789 g with a mean value of 0.623±4.524x10-2 g, and the Haemaphysalis punctata females 
between 0.135 and 0.437 g with a mean value of 0.316±2.514x10-2 g. The eggs weight, laid by 
both species, were very different, thus: D. marginatus was weighting between 0.119 and 0.524 
g with a mean value of 0.352±3.816x10-2 g, and the H. punctata was weighting 0.047-0.253 g 
with a mean value of 0.171±1.806x10-2. The correlation between the weight of females and 
eggs weight was significant (r = +0.950 at P<0.001). In natural conditions, D. marginatus 
females laid between 2290 and 9606 eggs with a mean of 6274.33±624, and the H. punctata 
laid between 947 and 5900 eggs with a mean of 3550.33±466. Between females weight and 
preoviposition period there is a negative correlation r = -0.554 at P<0.05. Females weight is 
positively correlated with oviposition period r= +0.632 at P<0.01. CEI was negatively correlated 
with females weight r = -0.718 at P<0.001. A significant correlation was found between the 
eggs weight and the number of eggs laid by the females r = +0.934 at P<0.001. The existent 
correlation between the number of eggs and the preoviposition is negative r = -0.551 at P<0.05. 
The correlation between the number of eggs and oviposition length is positive r = +0.655 at 
P<0.01. The incubation length and CEI and the incubation length and REI were positively 
correlated r = +0.687 at P<0.001 and respectively r = +0.514 at P<0.10.  
 Key words: biological parameters, Dermacentor marginatus, Haemaphysalis punctata, 
natural condition. 
 
Introduction 

Reproduction, like in all ticks, is dioic. Sporadic 
parthenogenesis is reported in ixodide species. 
Few tick species reproduce successfully by 
parthenogenesis. At parthenogenesis was 
reported Haemaphysalis leporis-palustris 
species, but the majority of eggs don’t hatch, a 
few eggs developed, hatched and originated 
weak larvae that died in few days (Labruna and 
Leite, 1997). 

Reproduction in ticks is closely associated with 
feeding. This is of parasitological significance, 
since many pathogens of veterinary and medical 
importance are transmitted transovarially to the 
progeny. Because many tick species can lay very 
large numbers of eggs, this mode of transmission 
can become the most efficient means of 
multiplying the pathogens (viruses, bacteria, 
rickettsia, or protozoans). Reproduction in ticks is 
therefore not only of direct interest for the 
maintenance of tick populations, but also assumes 
a serious economic significance in relation to tick-
transmitted diseases (Mehlhorn, 2001). Then the 
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engorged females drop to the ground, lay eggs and 
then die (Jongejan and Uilenberg, 1994, Guetard, 
2001, Mehlhorn, 2001).  

Oviposition takes places after a digestion and 
oogenesis period, which is called preoviposition. 
The length of oviposition depends on the tick 
species and regional ecological factors, varying 
from one to several weeks (Chartier et col., 2000, 
Cosoroabă, 2000, Guetard, 2001). The number of 
eggs laid depends on feeding and the species size 
(1000-30.000 eggs) (Chartier et al., 2000). 

Incubation period varies between 8 and 21 days 
within the species, temperature and humidity. 
Optimum values of these factors are between 80-
100% relative humidity and 21-25oC. Deviations 
from these values extend incubation and, if they are 
too high, they even inhibit it (Cosoroabă, 2000). 
The lack of humidity or a sudden temperature 
variation can kill the eggs. In temperate regions the 
eggs enter into quiescence in winter. Generally, the 
duration of embryogenesis is 20-50 days (Chartier 
et al., 2000). 

Materials and methods 

The tick females were collected in April (2004) 
from naturally infected sheep. After identification 
according to morphological features using the 
determination keys of Feider (1965) and Babos 
(1964), it was established that the species are 
Dermacentor marginatus and Haemaphysalis 
punctata. The samples of engorged females were 
chosen through drawing of lots from all the 
collected ticks; there were selected 12 females. 
Females were weighed with the analytic balance 
and were put in test tubes prepared according to 
Metianu method. Thus, glass test tubes of 18 cm 
high were used. Each test tube was half – filled 
with water then two layers of water cotton-logged 
(about 5 cm high) were placed in each tube. The 
test tubes were closed with wrapped cotton plugs. 
During the entire experimental period the test 
tubes were kept outside under the direct influence 
of climatic factors. The test tubes were placed on 
the ground, under different bushes so that they 
weren’t exposed to direct sunlight. Females were 
kept in individual test tubes in order to determine 
biological characters. 

The environment factors considered to have 
influence on ixodid ticks biology were: 
minimum, maximum and mean air and soil 
temperature, rainfall, relative humidity and 

sunlight duration. Meteor data were achieved 
from BANAT-CRISANA Regional 
Meteorological Center from Timisoara. During 
the study there were used daily values of these 
factors and mean, standard deviation and 
variance of these factors. 

The biological parameters under investigation 
were: the engorged females weight, eggs weight, 
number of eggs, preoviposition period, 
oviposition period, incubation period, the 
conversion efficiency index (CEI) and 
reproductive efficiency index (REI) in natural 
conditions. 

The CEI and REI were calculated for each 
female according to Drummond and Whetstone 
(1970): the conversion efficiency index (CEI) 
was used to evaluate the efficacy of a female at 
converting body weight to egg weight. CEI = 
(weight of eggs/weight of female) x 100. REI = 
number of eggs/weight of female.  

Data were processed with Microsoft Excel and 
statistical analysis. The statistical analysis was 
carried out using SPSS 7.5 application to obtain 
correlations, regressions, t test and ANOVA in 
order to determine, environment factors effects 
on some biological parameters of these species. 

Results and discussion 

Relations between weight of females and 
weight of eggs 

The weight of engorged Dermacentor 
marginatus females was between 0.278 and 
0.789 g with a mean value of 0.623±4.524x10-2 
g, and the Haemaphysalis punctata females 
between 0.135 and 0.437 g with a mean value of 
0.316±2.514x10-2 g. The females weight is 
influenced by the tick species and it is evident 
that D. marginatus females are higher than the 
ones to H. punctata (t =5.947 la P<0.001). The 
eggs weight, laid by both species, was very 
different, thus: D. marginatus was weighing 
between 0.119 and 0.524 g with a mean value of 
0.352±3.816x10-2 g, and the H. punctata was 
weighing 0.047-0.253 g with a mean value of 
0.171±1.806x10-2. The correlation between the 
weight of females and eggs weight was 
significant (r = +0.950 at P<0.001). Van der 
Lingen et al. (1999) also reported a positive 
correlation between the females weight and egg 
weight. The existence of these significant 
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positive correlations is not even surprising. It is 
already known that if the female ingested a large 
quantity of blood it can lay more eggs. The 
females weight of D. marginatus taken in to 
study by Ionita (2003) varied between 0.193 and 
0.609 g; and the laid eggs weight varied between 
1.123 and 0.566 g with a mean of 0.326. The 
eggs weigh depends on females weight, and the 
tick species (t = 4.292 at P<0.001). 

Lopes et al (2000) showed a statistically 
significant difference between the weights of 
females and their egg masses. Similarly, it was 

observed a significant difference between the egg 
masses produced under laboratory incubation 
and under field conditions. 

The females weight explains 90.22% of the 
variability of eggs weight, the value of multiple 
correlation coefficients sustaining this statement 
(see figure 1). Statistical associations were found 
between the females weight and eggs weight (F = 
202.84, P< 0.001). 

 
The regression analysis of eggs weight depending on the female weight has the following equation (1): 
 

Weight eggs/female = 0.107 +weight females (g) x 1.387 
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Figure 1 
Linear regression analysis of eggs weight and weight females 

 
 
Relationship between females weight and the 
number of eggs 

The number of eggs laid by each female is 
dependent on females weight and on 

environment factors. In natural conditions, D. 
marginatus females laid between 2290 and 9606 
eggs with a mean of 6274.33±624, and the H. 
punctata laid between 947 and 5900 eggs with a 
mean of 3550.33±466. 

 
The number of eggs laid by each female was calculated according to the following formula:  
 

100 eggs… … … …0.0052 g 
x eggs … … … …0.3888 g 

x = 100x 0.3888/0.0052, so x = 7476.92 eggs 
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Thus, knowing the weight of each female it can 
be determined the number of eggs. 

The number of eggs laid by each ixodid female 
dependents on females weight, field conditions, 
and the tick species (t = 3.494 at P≤0.002). 

Dermacentor reticulates females laid 5000-7000 
eggs (Cernăianu, 1957). In laboratory condition 
Boophilus annulatus laid 2004±342 (Ouhelli et 
al., 1982); 3877 (Davey et al, 1982); 7987±2064 
eggs (Iwuala and Okpala, 1977). Dermacentor 
reticulates and Rhipicephalus sanguineus 
females laid about 4000 eggs (Cosoroabă, 2000). 
In laboratory condition D. marginatus females 
laid 2365-10115 eggs (IoniŃă, 2003). 

A significant correlation was observed between 
the females weight and the number of eggs (r = 
+0.898 at P<0.001). Ouhelli et al. (1982) found a 
highly significant correlation between the weight 
of ticks and the total number of laid eggs: r = 
+0.78 at P<0.01. There is a correlation between 
the females weight and the number of eggs laid 
in the Ixodes ricinus case (Daniel et al., 1974), I. 
rubicundus (r = 0.83) (Van der Lingen et al., 
1999) and B. annulatus for both disturbed and 
undisturbed females (P<0.01) (Davey et al., 
1980). Lopes et al. (2000) observed the, 
independence between the females weight and 
the number of eggs produced. The eggs were 
viable, with high eclosion rates, of approximately 
95%. 

 
The number of eggs regression, depends on the females weight, and it has the following equation (2): 
 

Number of eggs/females = 9.090x10-2 + weight females (g) x 7.717x10-5 

 
The correlation found between females weight 
and eggs weight and females weight and number 
of laid eggs suggested that as long as females 
weigh more, there are more chances that the egg 
mass and the number of eggs to be higher.  

The number of eggs variability explains 80.56% 
of the females weight (see figure 2). There was a 
statistically significant association between 
females weight and the number of eggs (F = 
91.16, P<0.001). 
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Figure 2 
Linear regression analysis of eggs number and weight females 
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The linear correlation between replete females 
weight and number of eggs produced has been 
observed in B. annulatus (Iwuala and Okpala, 
1977, 1977a, Davey et al., 1980) as well as in some 
other ixodide ticks such as B. microplus, H. 
dromedarii, H. americanum, Rh. sanguineus and I. 
ricinus (Ouhelli et al., 1982). It is known that the 
ixodide ticks use food for the basic metabolic 
needs, for cuticle synthesis and for maturation of 
eggs (Snow and Arthur, 1966, Ouhelli et al., 1982). 

The correlation between females weight and the 
number of eggs or eggs weight observed in D. 
marginatus and H. punctata case were also 
recorded at other ixodid species (B. annulatus, B. 
microplus, Rh. sanguineus, I. ricinus).  

Relationship among females weight and 
preoviposition, oviposition, incubation period 
and IER 

It was observed that between females weight and 
preoviposition period there is a negative 
correlation r = -0.554 at P<0.05. In specialty 
literature there are only few things mentioned 
about this type of correlation. We consider that a 
negative correlation is normal because the 
females weight does not influence so much the 
preoviposition period, but the environment 
factors are the ones that decide. 

Females weight is positively correlated with the 
oviposition period r= +0.632 at P<0.01. Taking 
into consideration the quite significant 
correlation we can say that oviposition period 
does not dependent on the environment factors 
only. Although Ouhelli et al., 1982 say that there 
was no significant influence of females weight 
on the duration of preoviposition and 
oviposition. 

There was no correlation between females 
weight and incubation period. Therefore, 
incubation period is strictly influenced by 
environment factors. There was no correlation 
between females weight and reproductive 
efficiency index (REI).  

Relationship between females weight and IEC 

Conversion efficiency index (CEI) is negativly 
correlated with females weight r = -0.718 at 
P<0.001. Although the correlation is negative we 
must not think that CEI is not important. Lopes 
et al. (2000) say that CEI represents an important 
research aiming to analyze biological aspects and 
behavior of Amblyomma cajennense species for 
future establishment of control measures. The 
comparison between the CEIs is an important 
biological parameter used to evaluate tests of 
acaricide susceptibility in the field, as well as in 
laboratory. The biotic potential of this species 
should be emphasized, as females weighing over 
1,000 mg can produce more than 13,000 eggs. 

This result proves that even when the females are 
not totally engorged, they are able to produce 
viable eggs. In natural conditions the CEI values 
were 27.28-68.93% with a mean value of 
54.91±3.24% for D. marginatus females and 
34.73-68.43% with a mean value of 
52.76±2.85% for H. punctata females (see 
figures 4 and 5). It can be observed that the limit 
values are very different, but the mean is slightly 
different between the two species. In laboratory 
conditions, CEI varied from 63.73% to 87.28%, 
and the mean was 78.9% (IoniŃă, 2003); the 
values are in concordance with the ones taken by 
other authors. Lopes et al. (2000) affirm the CEIs 
were similar either under field conditions or 
laboratory at A. cajennense specie. It can be 
observed very clearly that at D. marginatus there 
are different CEI values according to the field 
conditions. However, CEI values are influenced 
by the tick species (t = 18.298 at P<0.001. In 
laboratory condition CEI values were higher than 
in natural conditions. But according to regression 
equation we can say that females weight explains 
only half from CEI variability (R2 = 0.515) (see 
figure 3). Other data about H. punctata CEI are 
not known neither in laboratory nor in field 
conditions. 
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Figure 3 

Linear regression analysis of CEI and weight females 
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Figure 4 
Relation between weight females and CEI of Dermacentor marginatus 
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Figure 5 
Relation between females and CEI of Haemaphysalis punctata 
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Available records show that Ixodes species 
convert between 40.3 and 54.4% of their 
engorged body mass into eggs. Compared to 
Ixodes species, values for Amblyomma species 
(between 53.3 and 65%) and Hyalomma 
truncatum (56%) (Linthicum et al., 1991) seem 
to be higher, with a CEI for Hyalomma 
dromedarii being much higher (74%) (Hagras 
and Khalil, 1988). The CEI values for 
Aponomma hydrosauri (48.6%) and Boophilus 
annulatus (53.3 and 44%) were in the same 
range as that recorded for Ixodes (Van der 
Lingen et al., 1999). Diaz et al. (1991) observed 
an association between female weight and egg 
production. Borgers et al. (1997) say at the 
females used in their study were within a weight 

range for which egg conversion capacity was 
statistically similar. The low egg conversion 
indices observed in some of the autumn and 
winter months, therefore, it believes were related 
to adverse climatic factors (Borges et al., 1999). 

Relationship between eggs weight and number 
of eggs 

A significant correlation was found between the 
eggs weight and number of eggs laid by the 
females r = +0.934 at P<0.001.  

The value of multiple correlation coefficients 
sustaining the eggs weight explains 87.33% of the 
variability of the number of eggs (see figure 6). 

 

number of eggs

1000080006000400020000

eg
gs

 w
ei

gh
t (

g)

.6

.5

.4

.3

.2

.1

0.0 Rsq = 0.8733 

 
 

Figure 6 
Linear regression analysis of eggs number and weight eggs 

 
 

Relationship among eggs weight and 
preoviposition, oviposition, incubation 
periods, CEI and REI 

Between eggs weight and preoviposition period 
was a found negative correlation r = -0.586 at 
P<0.03. Therefore, there is a positive correlation 
between eggs weight and oviposition period r = 
+0.645 at P<0.01. In this case, there is no 
correlation between eggs weight and the length 
of the incubation period. 

The females weight is negatively correlated with 
CEI r = -0.587 at P<0.03 and it is not correlated 
with REI. There are no data about such 
correlations in speciality literature. 

Relationship among the number of eggs and 
preoviposition, oviposition, incubation period, 
CEI and REI 

The correlation existence between the number of 
eggs and the preoviposition is negative r = -0.551 
at P<0.05. Between the number of eggs and 
oviposition length the correlation is positive r = 
+0.655 at P<0.01 and a little higher then the 
correlation between eggs weight and oviposition 
length. 

The number of eggs is not correlated with 
incubation length. The correlation between the 
number of eggs and CEI is negative. Opposite to 
eggs weight, the number of eggs is positively 
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correlated with REI r = +0.508 at P<0.11, but is 
has no significance.  

According to these data we can say that eggs 
weight and number of eggs are not influenced by 
the climatic factors from preoviposition period, 
and only by the climatic factors from oviposition 
period. Although the correlation among eggs 
weight, number of eggs and CEI is negative we 
must not take into consideration that CEI has no 
influence on eggs production.  

Relationship among oviposition length and 
females weight, eggs weight and number of 
eggs were also discussed. It was observed only 
the existence of a negative correlation between 
oviposition length and CEI r = -0.456 at P<0.25. 
Although females weight had no influence on the 
length of the oviposition period, there was a 
significant correlation between the number of 
eggs laid and the length of the oviposition period 
(Davey et al., 1980). 

Relationship among incubation length, CEI 
and REI 

Between incubation length and CEI and as well 
REI there are positive correlations r = +0.687 at 
P<0.001, respectively r = +0.514 at P<0.10. 

REZUMAT 

Reproducerea c ăpuşelor Dermacentor 
marginatus şi Haemaphysalis punctata în 
condi Ńii naturale: rela Ńiile dintre specia de 
căpuşe şi unele caracteristici biologice 

Căpuşele femele au fost recoltate de la oi 
infectate natural. Parametrii biologici supuşi 
studiului au fost: greutatea femelelor sătule, 
greutatea ouălor, numărul de ouă, durata 
preovipoziŃiei, durata ovipoziŃiei, durata 
incubaŃiei, indicele eficienŃei conversiei (IEC) 

şi indicele eficienŃei reproductive (IER) în 
condiŃii naturale. 

Greutatea femelelor sătule de Dermacentor 
marginatus a fost între 0,278 şi 0,789 g cu o 
medie de 0,623±4,524x10-2 g, iar a 
femelelor de Haemaphysalis punctata între 
0,135 şi 0,437 g cu o medie de 
0,316±2,514x10-2 g. Greutatea ouălor 
depuse de cele două specii a fost foarte 
diferită astfel: la D. marginatus au cântărit 
între 0,119 şi 0,524 g cu o medie 
0,352±3,816x10-2 g, iar la H. punctata au 
cântărit 0,047-0,253 g cu o medie 
0,171±1,806x10-2. CorelaŃiile dintre 
greutatea femelelor şi greutatea ouălor au 
fost semnificative (r = +0,950 la P<0,001). În 
condiŃii naturale, femelele de D. marginatus 
au depus între 2290 şi 9606 de ouă cu o 
medie de 6274,33±624, iar cele de H. 
punctata au depus între 947 şi 5900 de ouă 
cu o medie de 3550,33±466. Între greutatea 
femelelor şi durata preovipoziŃiei există o 
corelaŃie negativă r = -0,554 la P<0,05. 
Greutatea femelelor a fost corelată pozitiv cu 
durata ovipoziŃiei r= +0,632 la P<0,01. IEC a 
fost negative corelat cu greutatea femelelor r 
= -0,718 la P<0,001. O corelaŃie 
semnificativă a fost găsită între greutatea 
ouălor şi numărul de ouă depus de femele r 
= +0,934 la P<0,001. Între numărul de ouă şi 
preovipoziŃie s-a găsit o corelaŃie negativă r 
= -0,551 la P<0,05. CorelaŃia dintre numărul 
de ouă şi durata ovipoziŃiei este pozitivă r = 
+0,655 la P<0,01. Au fost pozitiv corelate 
durata incubaŃiei şi IEC r = +0,687 la 
P<0,001 şi durata incubaŃiei şi REI r = 
+0,514 la P<0,01.  

Cuvinte cheie:  Dermacentor marginatus, 
Haemaphysalis punctata, parametri 
biologici, condiŃii naturale. 
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