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OVERWINTERING OF THE TICK IXODES RICINUS (L))
UNDER CONDITIONS OF A FIELD EXPERIMENT

M. DANIETL, . HONZAKOVA and V. CERNY

Institute of Parasitology, Czechoslovak Academy of Sciences, Prague

Abstract. In Lhe south-Moravian thermophilie oak forest a fiold experiment was earried out in which
the overwintering conditions of the tick Izodes ricinus (L.) were studied, A specinl attention was
paid to: 1. the way in which various developmental stages of I. ricinus (unfed and engorged) survive
in different soil depths: 2. the mieroclimatic conditions they meet with in different soil layers and
3. the way in which the tick microenvironment 1s affected under experimental conditions, if the ticks
are placed in terrain in cages made of different material,

In one of our previous papers (Daniel and Cerny 1967) we pointed out the necessity
of exact studies of microclimate in the research of tick ecology, because the data sup-
plied by standard meteorological stations are very inaccurate for this purpose. At the
same time we recommended for such measurements the method worked up by Daniel
(1965) which he used for measuring the nest microclimate of small mammals and birds.

On the basis of this method we decided to analyse the effects of microclimate on the
developmental cycle of Jxodes ricinus. In the first stage of our studies we directed our
attention to the analysis of overwintering of ticks in order to use the results obtained
in further studics of the whole eycle. Accordingly, we formulated the main questions:
1. In what way do various developmental stages of I. ricinus (unfed and engorged)
survive in different soil depth; 2. what microclimatic conditions do they meet with
in different soil layers; 3. in what way is the tick microenvironment under experi-
mental conditions affected, if the ticks are placed in terrain in cages and what is the
difference, if the cages are made of different material.

The fiold experiment was carried out with technical assistance of ecology group
workers of the Institute of Parasitology, Czechoslovak Academy of Sciences. The
mathematical calculations were done by the team of workers of the Mathematical Centre

of Biological Institutes, headed by Ing. M. Chytil. To all of them we express our sincerc
thanks.

MATERIAL AND METHODS
PROCEDURE OF EXPERIMENT
The field experiment was carried out in the winter of 1966—1967 (between November 20, 1966

and March 29, 1967) under conditions of south-Moravian thermophilic oak forest (Valtice locality
near Bfeclav). A total of 484 adults, nymphs and engorged larvao of J. ricinus [60c (unfed), 60
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(unfed), 60 nymphs (engorged), 165 nymphs (unfed), 149 larvae (engorged)] and an unspocified
number of unfed larvao were used in the experiment. All ticks were reared in laboratory where they
were kept under standard conditions (4 22 °C, 90 % RH). The ticks were plucod in cylinder.shaped
cagos 50 x 256 mm large, each made of a wire frame covered with silon fabric. Each cage contained
either 10 adults or ongorgoed nymphs, or 15 unfed nymphs, 25 engorged larvae, or unspecified number
of unfed larvae. The cages were deposited 0, 10, 20, 30, 40 and 50 cin deep in undisturbed soil layers.
{This was achicved by digging a pit in the experimental sito and by drilling tunnels of the same
diameter as thal of the cages at particular depth. The cages were inserted in the tunnels which were
stopped with the dug-out soil.) Pedologically the soil was classified at the depth of 40 em as loamy
sund (pH 7.50—7.75), at 50 cin as lommn with pH 7.90 [classification after Kopecky's seale (cit.
Klika ot al.1954)|. 'Tho analysis of soil samples was done by the Research Institute of Forestry and
Gameokeeping in Opotno near the Orlické Mountains. In order to trace the influence of cages made of
differont material, additional cages of similar size and shape made of plastic (novodur), metal (dural),
glags and wood wero used, eontaining 385 specimens of I. ricinus at the depth of 10 and 20 cm |40¢
(unfed), 603 (unfed), 35 nymphs (engorged), 160 nymphs (unfed), 100 larvee (engorged) ). Aftor
closing the oxporiment all cages were taken out and the number of ticks counted. The engorged
specimens which survived were observed in laboratory as regards their ability for subsequent
motamorphosis. The unfed specimons were allowed to feed within the week since the end of overwiter-
ing and their ability for further development was determinated. Those specimens which did not
moult and the nymphs which failed to engorge and perished, were regarded as spocimens with
disturbed developrment.

MEASUREMENTS AND RECORDING OF MICROCLIMATE

At partioular depths temperature was takon and continuously recorded inside the cages as well
as in the soil. The measurements were taken with thermistor sensing probes made from a pearl
thermistor (type 11 NR 17-282, manufactured by Tesla, Sumperk) and with platinum resistance
thermometers (Pt K 100, manufacturod by Zévody pramyslové automatizace, Usti n/Lab.), whose
rosistance at 0°C was 100 ohms. The recordings woro carriod out by means of multirecorders which
markod tho data on 6 dotted lines and which were provided with n measuring system consisting of
a simple revolving coil (system Depréz) for thermistor thermometers or two lattice-wound coils
connected with Wheatstone’s bridge used for measuring by platinum resistance thermometers (see
Daniel 1965 and 1970). The soil humidity in particular layers was measured onee daily by method
of plaster blovks (Bouyoncos's mothod, sco S8lavik 1965).

MEASUREMENTS AND RECORDINGS OF MESO. AND MACROCLIMATE

The mesoclimate (understood as climato of the oak forest in which the experimental area was
situated) was observed by a standard meteorolugical box. Tho data on the macroclimate of the sur-
rounding aroa were obtained from the State meteorological station at Ledniee (11 km away from
the experimental sito).

ASSESSMENT OF DATA OBTAINED BY MICROCLIMATIC MEASUREMENTS

Continuous recording curvoes were digitalised by Oscar apparatus. Due to thoirsmooth course only 3
values por doy (7, 14 and 21 hours) were read, which together with other data, were punched on
computer tape. For humidity and temperature of vach soil layor the following characteristics were
calculnted: arithmetic mean, average devialion, variance, value of range observod (not identical
wilth daily maximum and minimum) and as regards temperature — the mean absolute difference
for considering the speed at which the mean daily temperature is changing.

While studying the influence of cage on its ouler environment we compared the mean daily tem.
perature inside tho cage with that in tho soil layer at the given depth. As a basis were taken differences
of mean daily temperatures inside the cage deducted from moan daily temperatures of soil. These
differences, however, are mutually dependent significantly and this fact would mako the exact
statistical testing very complicated; we therefore gave them up.

EVALUATION OF SURVIVAL AND FURTHER DEVELOPMENT OF TICKS

While studying the survival of ticks it was necessary to determine its dependence on two factors,
i.e. the dopth of soil and the devolopmental stagoe (including different physiological state) of the
tick. The most convenient method chosen was the analysis of variance with two.way classification.
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Sume groups had to be eliminated: unfed larvae (where the number of specimens was not countable)
and engorged nymphs (where the cago situated on the soil surface got destroyed.) The problem
demanded a simultaneous study of the effects of depth and dovelopmental stages and therefore it
was impossiblo to use the procedure of “adding the missing observations”, The mothod of the analysis
of varinnce did not allow to avoid the missing data in other way than by elimination of the whole
group of engorged nymphs. The initial material was the ratio of survived ticke to the numbor of
ticks used in the experiment. As the initial numbers were not always equal and in this way the pre-
requisite for equal variances of particular variablos (i.c. ratios) was disturbed, it was necessary first
to earry out the transformation according to the formula:

7 = Qresin X
n

(where y = number of survived ticks; n = number of ticks used in experiment)
which stabilizos the variances (S8cheffo 1963). This transformation was done according to the
tables of the function aresin.

Further development of ticks was ovaluated by the same method (the analysis of variance with
two-way classification), In both cases the analysis of variance showed significant differences for one
factor and insignificant onos for the other. As a next step tho analysis of one.way classification
(nccording to significant factor) was therefore carried out and the classification according to insigni-
ficant fuctor was left out of consideration. The importance of classes of significant factor was
tested on computer by Duncan test.

While studying the influence of cages on the survival of ticks three factors were actually traced
by method of the analysis of variance with threc-way classification which was most conveniont for
this purpose. The influence of the following factors was observed: a) groups of developmental stages;
b) material of which the cages were mado; ¢) survival at different depth. Furthormore, the action
specific for oach of three pairs of mentioned factors, i.c. the interaction was studied. The influence
of cage on its internal environment was traced in case of standard cages made of silon fabric.

RESULTS

THE COURSE OF CHANGES IN CLIMATIC CONDITIONS

The organisation of experiment (studies in one biotope with possible control of ticks
before and after experiment only) did not offer any posgibility Lo ascertain direct rela-
tions between the measured temperatures of macro- and mesoclimate and the tick surviv.
al. We were therefore compelled to outline only conditions under which the experiment
took place. The relation of meso- and macroclimate is discussed in a separate paper.
The course of changes is shown in Figs. 1 and 2.

As far as the soil microclimate in particular layers is concerned, the overwintering
ticks showed a low sensitivity to differences registered in the experiment and conse-
quently the rclation between the survival and soil microclimate, which is charac-
terized in Tables 1 and 2 and in Figs. 3—7 could not be mathematically expressed.

Table 1. Mean monthly temperatures in particular soil lJayers (in °C)

o= ] =1
,;:,;h*lﬂf i surface 10 em 20 om 30 em ! 40em | 60 cm {
XI1I 1.57 1.65 2.11 2.67 3.31 3.69
T ). 40 —0.29 0.14 0.71 1.42 1.50
EL —0.18 —0.42 —0.15 0.30 0.91 0.92
111 3.28 2.48 2.62 2.32 2.57 2.55
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Fig. 1. Macroclimate of experimental area according to data of the State hydrometeorolugical
service in Ledniee (— maximum daily temperatures; ---- minimum daily temporatures)
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Table 2. Moan humidily in particular
soil layers (in %)

.
[_ soil layer | moun‘huar:tidit.y
mn s
surface 49.9
10 ecm 24.8
20 em b6.4
| 30 em 30.4
! 40 cm 34.6
50 om 35.8

SURVIVAL OF TICKS DURING OVERWINTERING

The ratios of survived ticks to ticks studied in particular svil layers are given in
Table 3. The values obtained were processed by analysis of two-way classification and
yielded results compiled in Table 4. One asterisk marks the valuc significant at 959,
level; two asterisks — at 999 level; NS- nonmgmﬁcant value (regarding 959, level).

Table 4 shows that the probable survival of ticks 7 .ricinus depends mgmﬁca.ntly on
groups formed according to developmental stages and state of engorgement (engorged
larvae, unfed nymphs, unfed females, unfed males). The dependence on the depth
has not been demonstrated. Tn the group of unfed males, nevertless there was a slight
dependence. During the general analysis of variance this differcnce might have been
erased by othor groups. For the group of unfed males the moethod x2 was therefore used
in ecalculating D -= 16.60 with 5 degrees of frcedom, which exceeds the 1Y, critical
value, so that the dependence on depth is highly significant. At tho depth of 20 em and
deeper more males of I. ricinus survived than at the depth of less than 20 em.

To the result of the analysis of variance was added the arrangement of arithmetical
means for groups and with the tesling of differences among them. Duncan test,
however, yiclded no signiticant differences (all results were close to 5% level). Unfed
larvao and engorged nymphs could not be inecluded in statistical classification (see
methods).

In case of unfed larvae it coulld by only estimated that the number of both, the
surviving and dead specimens, was roughly the same up to the depth of 20 cmn. At
deeper layers most specimens survived. 90—100%, engorged nymphs survived.

More distinet results wero obtained by investigation of further development of larvac
and nymphs using the same methods. Table 5 shows ratios of the tick number with
disturbed development to the tick number used in the experiment. The value for the
depth 0 em had to be left out becaunse in the group “engorged nymphs’ at this depth
there was none. The analysis of variance with two-way classification yielded results
given in Table 6. The results show that further development towards successful meta-
morphosis or successful engorgement depends significantly on the physiological state
of the overwintering tick stage. The dependence on depth was not demonstrated. In
this case we can arrange a decreasing serics according to the ratio of specimens with
development disturbances:

unfed nymphs — engorged larvae — engorged nymphs
1% 40.89%, - 38%
At 5%, level there is a significant difference between unfed nymphs on one hand and

engorged nymphs and larvae on the other. The unfed overwintering ticks had more
disturbances in development.
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Table 3. Burvival of ticks Izodes ricinus in particular soil layers.

Numerator indicates values of surviving specimens, denominator—values

of specimens studied

| I T ] |
Tick groups ! 0 ' 10 20 30 40 60 |
engorged larvae 12/24 16/25 9/25 19/26 14/25 23/26 |
unfed nymphs 23/30 15/15 27/30 28/30 20/30 2630 |
unfed females 5/10 5/10 6/10 8/10 8/10 70
unfed males 1/10 3/10 8/10 5/10 | 8/10 { 7/10
" - .

Tablo 4. The analysis of variance, with two-way classification obtained from values given in Tablo 3

T Sum ) H :
Source of variability of 8q of Fresdom : Quotient
Rows (groups) 0.559 3 ’ 0.186
Columns (depth) 0.332 5 0.066
Residual varinnce 0.720 15 0.048
Total variance 1.611 23 ~—

*) The value significant at the level of 95 9.

NS The value statistically insignificant (at the level of 93 9;).

Table 5. Tnfluence of overwintering on the development of ticks lxodes
ricinug in particular soil layers

Numerator indicates number of ticks with disturbed development,
denominator—number of speecimens studied

i Tick groups

engorged larvae
unfed nymphs

|
i engorged nymphs
|

¥

3.875%)
1.376 NS

: i ?”'
10 | 20 ! 30 40 50
! ! |
10/25 9/25 16/25 6/26  10/25
13/15 |« 27/30 24/30 16/30 16/30
6/10 4/10 3/10 2/10 4/10

Table 6. The analysis of variance, with two-way classification obtained from values given in Table 5

’ ]

Sa it 1 8 De . ‘
Source of variability i of a;lun;ren of fri:lc:m Quotient l

] |
Rows (groups) 1.746 2 0.873 !
Columns (depth) 0.834 4 0.208 |
Residunl variance 0.625 8 0.078 ;
Total variance i 3.2056 14 — !
! l

F

11.19%%)
2.67 NS

**) The value significant at the level of 99%,.
NS The value statistically insignificant (at the level of 95 9%,).
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EFFECTS OF CAGE MATERTAL ON TICK SURVIVAL

For statistical calculations we used variants differing in the cage material, depth of
insertion and developmental stages of ticks in combination with various physiological
state. In the final assessment we used engorged larvae, unfed nymphs, unfed females
and unfed males. Values of the ratio of survived ticks to ticks used in the experiment,

Table 7. Survival of ticks Izodes ricinus depending on eage material.
Numerator indicates valuos of surviving specimens, denominator —
values of specimens studied

Tick groups cage material i 10 em 20 em
e P |
Engorged lnrvas - | nylon fabrie ‘ 0/10 10/10
glass 4/10 10/10
metal . 8/10 0/10
plastic .= 3/10 5/10
wood 10/10 8/10
1 =L .
Unfod nymphs nylon fabric 16/15 8/15
glass 9/15 14/15
metal 14/15 9/15
plastic 2/15 10/156
wood 9/1a 9/15
Unfed fomales nylon fabric 8/6 1/6
glass i 5/6 4/6
metal 6/6 6/6
plastic 5/6 5/6
wood 5/8 3/6
Unfed malcs nylon fabric 1/4 1/4
glass 0/4 2/4
metal 1/4 2/4
plastic 4/4 4/4
wood 2/4 3/4

Table 8. The analysis of variance, with threo.way classification obtained from values given in Table 7

e Sum Degrecos . . i
Source of changeability of squares ik Beacitons Quotient : F
A 0.467 3 0.156 0.657
B 0.148 4 0.037 0.156
C 0.023 1 0.023 0.097
Interaction AB 3.041 12 0.25: ! 1.070
BC 0.850 4 0.162 0.686
AC 0.433 3 0.144 0.609 f
Residual variance 3.079 13 ; 0.237 — {
* - -
Total variance 7.841 ‘ 40 ' - S

A — groups (developmental stages)
B — cage material
C — soil depth
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arc presented in Table 7. Table 8 was calculated from it by the analysis of variance
with three-way classification and the tick groups (according to developmental stage and
physiological state) were marked A, the cage material B and depth insertion C. None
of values F came out as significant at 95%, level and was not even close to it. It was
impossible statistically to prove the cffects of any factors A, B, C, neither the effects
of interactions of pairs AB, BC, AC. IFor the purpose of control also other variant of the
model of the analysis of variance was caleulated; it involved only possible effects of
factors A, B, C and a priori eliminated the possibility of interaction. The results were
statistically insignificant again at 959%, level and numerically the valucs F almost
coincided with relevant values F in the first three rows in Table 8.

INFLUENCE OF CAGE ON ITS INSIDE ENVIRONMENT

While studying this relationship we compared mean daily temperatures inside the
cage and in the soil at certain depth. Exact performance of statistical tests of this kind
was prevented by the fact that the series of differences is not formed by independent,
variables. This knowledge was obtained by a test based on circular correlation coef-
ficient. The cage (i.e. its protective influence) caused an average 1.9 °C increase of mean
daily temperature inside in contrast to that of the soil. It would be possible to demon-
strate the dependence of temperature inside the cage on surrounding temperature only
after a complicated test of time series. We assume that this conclusion would be un-
doubtely confirmed by such a test.

CONCLUSION AND DISCUSSION

The results presented show that the successful overwintering of 7. ricinus in our field
experiment did not depend on the depth at which the ticks had been placed; only in
unfed males there was an exception. Hence it follows that ncither temperature nor
humidity in the studied range were affecting factors. Thus it can be concluded that
I. ricinus has apparently a wide ecological amplitude which has evidently not been
exceeded in the experiment performed.

The temperatures inside the cage are higher than those in free soil. Their relationship,
however, cannot be tested by current methods, because the differences hetween external
and internal temperatures are significantly dependent on one another. This dependence
can be understood as a result of the protective influence of the cage (temperature changes
inside the cage in contrast to the surrounding soil are not accidental).

As for the effects of different cage materials on the survival of ticks in winter, they
proved to be equal. The combination of these effects with other factors studied (depth
10—20 em, different developmental stages) was not proved cither. This conclusion
however, might probably have a limited validity seasonally.

Finally, the main result of our experiment, i.e. the fact that a successful overwintering
(in the sense of survival and further development as well) does not depend on the depth
of insertion in soil, must be compared with conditions in free nature. As demonstrated
by the experiment in which ticks I. ricinus were placed in the same experimental site
in antumn and soil samples were processed by flotation in winter, most ticks overwinter
in the surface layers (0—5 cm), while in lower strata they occur to a lesser extent or
sporadically (Dusbédbek et al., 1971; Daniel et al. 1972).
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SAMOBAHME HECOTOBOTO KJEWA IXODES RICINUS (L) B YCI0BUAX
NONEBOIo 3RCNEPUMEHTA

M. Jluunea, E. TFousakopa nw B. Yepaw

Pemome. B 103KH0-MOPABCEOM TennomolnnoM yGusice mocTusAc OULT, B KOTOPOM HAyuazinc
VCIOBIH 3HMOBAHNN HKCOA0BOUO 1aena Jzodes ricinus (L.). Ocofoe BHRIMAINC yAC/LI0CH Cle-
aylonmM nonpocav: 1. Kakum ciocoGuM pusHbie CTANIH PARBNTAS KAema /. ricirus (rOMOATHIC
H CHITLIC) NPOROIAT ANMY B 10UBe Ha pa3moil 1ydnue; 2. ¢ KaRAMH MUKPOKIHMATHISCKHMIY
YCAOBHAMM OHH BCTPCUAIOTCA B OT/ICTIRHLIX NOYREHHLIX CI0AX; J. [K0110D0 BOIIRHCTBHE HA MUKPO-
CPOY KACHA B YCIOBMIHX OULITA, CCAH KIS HOMEUIEHL! B MPHPOJe B KJAeTKAX, HAI0TOBJICHULIX

N3 palHoro Mi ITopRaT,
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