Saudi Journal of Biological Sciences 14 (2) 211-220 December, 2007
ISSN 1319-562 X

The Official Journal of the Saudi Biological Society
htt:www.saudibiosoc.com

A Two-Year Study of Ticks Infesting Camels in Al-Kharj
in Saudi Arabia’

Mohamed S. Al-Khalifa, Galila M. Khalil and Fathi M. Diab
Zoology Department, College of Science P.O. Box 2455, King Saud University, Riyadh, Kingdom of Saudi Arabia

Abstract

The weather in Al-Kharj area was characterized by a wide range of relative humidity 17-85% and temperature 10.4-35.6°C
and little or no rainfall (0.0-21.0 mm) throughout 1990 and 1991. Of the ticks collected monthly during the study period from
10 camels, the desert-adapted Hyalomma dromedarii formed 84.65 and 80.95 %, H. impeltatum formed 11.95 and 12.55%, H.
anatolicum excavatum formed 2.47 and 4.43%, H. a. anatolicum formed 0.85 and 1.82%, H. marginatum ruypes formed 0.08 and
0.19% and Rhipicephalus turanicus formed 0.0 and 0.06%, respectively. Greater numbers of ticks were collected in 1991 than
1990. Camel infestation with H. dromedarii ranged between 40 and 100% in both years with infestation peaks in August in 1990
(18.5 ticks/host) and in May, August, October and December in 1991 (17.2-23.7 ticks/host). Usually males outnumbered females
during both years (1.1:1-5.5:1 and 1.2:1-9.0:1, respectively). Nymphal H. dromedarii infested camels for 6-8 months with highest
infestation rate in August in both years (4.1-4.5 ticks/host). Camel infestation with H. impeltatum ranged between 10 and 90% with
infestation peaks in June of 1990 (3.8 ticks/host) and in May of 1991 (6.4 ticks/host). The change in infestation with both species
was not correlated with temperature, relative humidity or rainfall. Control measures against both species on camels will probably
be more effective during peak infestation.
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of the longevity and survival of the different stages of the
ticks’ life cycle (Sutherst et al., 1979). Temperature is
the principal extrinsic factor that regulates the metabolic
rate and influences both the efficiency of blood-meal
utilization and the length of the preoviposition and
oviposition periods, as well as subsequent developmental
rates and viability of embryonating eggs (Diehl et al.,

Introduction
Understanding the arthropod population dynamics and
pest status in any geographical region requires long term
census data collected in the absence of control methods.
Census data of arthropod pests have two uses. Firstly,
they provide empirical evidence of the pest of a given
region. Second use is to indicate factors potentially
influencing the population’s equilibrium sizes as well
as seasonal and annual fluctuations in population sizes.
These exploratory observations can then be supported
by experiments designed for further investigation of

*From research project No. R-10-084, King Abdulaziz City for Science
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these important factors.
Abiotic factors, especially temperature, relative
humidity (RH) and rainfall, are the principal regulators
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1982). Also, RH is the controlling factor of water-balance
mechanisms of ticks (Kniille, 1966). Low RH represents
a great stress on the water-balance of ticks and seems to
adversely affect the efficiency of converting the blood
meal into egg biomass (Diehl et al., 1982). Thus, the
RH is considered to be an important limiting factor of
the geographical distribution of various tick species
(Theiler, 1969; Branagan, 1970).

In the present work, the fluctuations in the numbers
of tick species infesting camels in Al-Kharj (Riyadh
Region) and their correlation with changes in weather
factors have been studied over a period of 2 consecutive
years. This study provides basic data for control of ticks
in this region.

Materials and Methods

Ten camels were selected randomly from an indigenous
herd in Al-Kharj, Riyadh Region, every month for a
period of 2 years from January 1990 to December 1991.
The animals were completely deticked and adult ticks
collected from each animal were placed in polyethylene
vials (25X 100mm) containing 70% ethanol. Each vial
was labeled with the date of collection. In the laboratory,
the ticks were counted and identified. Nymphs were
collected in glass vials (25X100mm), covered with
muslin cloth secured in place with rubber bands, and
kept in an incubator at 28°C and 75% RH until molting
and were then identified

Identification of tick species was carried out
according to the keys of Hoogstraal (1956), Hoogstraal
& Kaiser (1959), Hoogstraal et al., (1981), Morel and
Vassiliades (1962), Yeoman and Walker (1967), Pegram
et al., (1987a, b, ¢) and Matthysse and Colbo (1987).
The identifications were confirmed by Professor Dr.
Kawther Al-Kammah, Faculty of Agriculture Cairo
University, and Mrs. Helda W. Wassef of the Medical
Zoology Department, United States Naval Medical
Research unit No.3, Cairo, Egypt, and Dr. R. G. Pegram
of the FAO tick control project, Harare, Zimbabwe.
Identification of Rhipicephalus turanicus was confirmed
from the excised genital aperture using the techniques of
Feldman-Muhsam (1956) and Pegram (1984).

Data on the changes in temperature, RH and rainfall
in the study area were obtained from The Hydrology
Division, Ministry of Agriculture and Water, Riyadh,
Saudi Arabia (annual reports of 1990 and 1991).
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Statistical analyses of the data of the monthly dynamics
were conducted using the Chi-square test, z-test of
comparison of percents drawn from one or 2 samples, and
Pearson’s correlation coefficient, wherever applicable.

Results

Weather in Al-Kharj area

Data on the changes in air temperature, RH and rainfall
in Al-Kharj during the study period are presented in
Table 1. Air temperature was relatively high from May
to September (31.5-35.6°C) in 1990 and from July to
September (29-31.7°C) in 1991. In 1990, the RH was
low from April to September (20-41%), being the lowest
from June to August, and moderate to high from January
to March (64-85%) and from October to December (55-
76). In 1991, RH was low from April to October (17-
35%), being the lowest from June to August and moderate
from January to March, November and December (52-
75%) (Tablel). Rainfall was absent during most months
of both years and was very low during the rest of the
months with the highest precipitation being in January
(18.2 mm in 1990 and 21.0 mm in 1991) (Table 1).

Tick species infesting camels

All nymphs collected from the camels molted into
Hyalomma dromedarii adults. Five species and
subspecies of the genus Hyalomma in addition to one
other species belongs to the genus Rhipicephalus were
found to infest the camels during the study period
(Table 2); these were H. dromedarii, H. impeltatum, H.
anatolicum anatolicum, H. a. excavatum, H. marginatum
ruypes and R. turanicus. Of these, H. dromedarii formed
the majority (P<0.0001-P<0.00001)) of the collections
during both years (Table 2). H. impeltatum, the second
most abundabt species was present in greater numbers
(P<0.0001) than H. a. excavatum followed by (P<0.0001)
H. a. anatolicum. H. m. ruypes was present in a much
smaller numbers (P<0.00001) in both years. R. turanicus
was not found during the first year and only one tick was
found in the second year (Table 2).

When the percentages of ticks of each species
collected in 1990 was compared with that collected in
1991, no significant difference was observed in the case
of H. impeltatum, H. m. ruypes and R. turanicus (Table
2). On the other hand, greater numbers of H. dromedarii,
H. a. excavatum and H. a. anatolicum, were collected
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Table 1. Means of the monthly weather parameters in Al-Kharj, Riyadh Region, during the years 1990 and 1991.

1990 1991
Month Air Temp (°C) RH%? Rainfall (mm) | Air Temp (°C) RH% Rainfall (mm)
Jan 14.7 85 18.2 104 75 21.0
Feb 18.1 78 23 12.4 76 0.0
Mar 22.7 64 6.3 12.8 60 13.6
Apr 27.2 38 8.7 21.8 30 4.6
May 31.8 34 4.1 25.0 26 0.0
Jun 343 20 0.0 28.0 18 0.0
Jul 35.6 24 0.0 317 17 0.0
Aug 34.4 28 0.0 31.0 18 0.0
Sep 315 41 0.0 29.0 27 0.0
Oct 26.3 55 0.0 21.6 35 0.0
Nov 214 76 0.0 171 52 0.0
Dec 21.4 76 0.0 17.1 52 0.0
a-Relative humidity.
Table 2. The numbers and percentages of tick species collected from camels in Al-Kharj during the years 1990 and 1991.
No of ticks % of total ticks
Tick species 1990 1991 1990 1991 P value
H. dromedarii 1,098 1,296 84.65 80.95 0.0102°
H. impeltatum 155 201 11.95 12.55 0.6631°
H. anatolicum 32 71 247 4.43 0.0061°
excavatum
H.a. anatolicum 11 29 0.85 1.82 0.04042
H. marginatum 1 3 0.08 0.19 0.3949°
ruypes
R. turanicus 0 1 0.00 0.06 0.5525°
Total 1,297 1,601 0.00001°

a- Chi-square test was used.
b- Fishers exact test was used.
c- Z-test of percents drawn from one sample was used.

during 1991 than during 1990. The total number of ticks
collected during the first year was smaller than that
collected during the second year (Table2).

Dynamics of H. dromedarii

During the first year, a total number of 1,098 ticks
including 143 nymphs, 646 males and 309 females
were collected. All camels examined were infested in
April, May, August, October, November and December
(Table 3). The highest peak of infestation was 18.5 ticks/
camel in August. Two lower (P<0.01) peaks occurred
in January and May when the infestations were 14.3
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and 13.8 ticks/camel, respectively. The lowest camel
infestation (60%, P<0.018) was in March and July
when tick infestation was also the lowest (P<0.0001),
being 3.9 and 3.3 ticks/camel, respectively (Table 3).
Low (P<0.0001) infestations were also recorded in
September, November and December (3.6, 4.6 and 4.4
ticks/camel,respectively) (Table 3).

During the second year, a total number of 1,296
ticks including 239 nymphs, 711 males and 346 females
were collected. During this year, the percentages of
high camel infestation (70-100%) were not significantly
different (P>0.05-P>0.61) during most months, being
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Table 3. The monthly records of Hyalomma dromedarii infesting 10 camels in Al-Kharj during the years 1990 and 1991.

No of Ticks 2 Camel infestation %

Month 1990 1991 P value® 1990 1991 P value®
Jan 143 50 0.0000 90 50 0.0437
Feb 118 132 0.7034 90 80 0.5350
Mar 39 44 0.9228 60 70 0.6430
Apr 85 41 0.0000 100 100 0.9999
May 138 214 0.0079 100 80 0.1313
Jun 130 55 0.0000 90 80 0.5350
Jul 33 50 0.3058 60 80 0.3306
Aug 185 172 0.1680 100 100 0.9999
Sep 36 57 0.1914 70 90 0.2633
Oct 101 237 0.0000 90 80 0.5350
Nov 46 45 0.4196 100 40 0.0011
Dec 44 199 0.0000 100 100 0.9999

Total 1098 1296

a- No of ticks/host is No of ticks divided by 10.
b- Chi-square test was used.
c- Z-test of comparison of percents drawn from 2 samples was used.

significantly low only in January (50%, P<0.01) and
November (40%, P<0.001) (Table3). High peaks
(P<0.025) of tick infestation were observed in May,
August, October and December (21.4,17.2,23.7and 19.9
ticks/host, respectively) with no significant differences
between these infestations (P>0.03-P>0.27). The lowest
tick infestation (P<0.0001) occurred in January, March,
April, June, July, September, and November (5.0, 4.4,
4.1, 55, 5.0, 5.7 and 4.5 ticks/host, respectively); also
with no significant difference between these infestations
(P>0.23-P>0.54).

When the monthly data of the 2 years were statistically
compared, the percentages of camel infestation were
found to be similar except for the month of November
when camel infestation during 1991was significantly
lower than that in 1990 (Table 3). On the other hand, tick
infestation was significantly higher in 1990 than in 1991
during January, April and June, while it was higher in
1991 than in 1990 during May, October and December
(Table 3).

Males outnumbered females during the 2-year
period (Table 4). During 1990, the greatest male: female
ratios (P<0.01-P<0.001) were in January, February and
September, with no significant difference between these
ratios (P>0.2077-P>0.9836). During 1991, the greatest
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ratios were in January and July (P<0.02-P<0.01), with
no significant difference between these ratios (P>0.2887)
(Table4). When the monthly ratios of the 2 years were
compared, a significant difference was observed only in
February and September when the ratios were greater in
1990 than in 1991.

Adult H. dromedarii outnumbered the nymphs
throughout the 2 years (Table 4). The nymphs were absent
for 6 months during 1990 and for 4 months during 1991.
The highest infestation with nymphs (P<0.00001) was in
August during both years. No significant difference was
observed when the monthly percentages of the 2 years
were compared except for the month of March (Table
4).

Effect of climatic conditions on H. dromedarii
infesting camels

During both years, the changes in tick infestation (tick/
host) were not correlated with rainfall (r=0.254, P=0.213
and r=0.411, P=0.092, respectively), air temperature
(r=0.144, P=0.328 and r=-0.017, P=0.479, respectively)
or RH (r=-0.164, P=0.300 and r=-0.053, P=0.436,
respectively).

Dynamics of H. impeltatum

During the first year, a total number of 156 ticks including
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Table 4. Monthly population dynamics of Hyalomma dromedarii infesting 10 camels in Al-Kharj during the years 1990 and 1991.

% of nymphs of total ticks Male : female
Month 1990 1991 P value® 1990 1991 P value®
Jan 0.0 4.0 0.5268 5.5:1 5.0:1 0.9018
Feb 0.0 6.8 0.4042 5.2:1 191 0.0012
Mar 0.0 18.2 0.01531 4.6:1 231 0.3292
Apr 0.0 0.0 0.9999 2.3:1 2.4:1 0.9554
May 10.9 154 0.7688 1.1:1 1.7:1 0.5492
Jun 14.6 32.7 0.3426 151 1.2:1 0.5998
Jul 12.1 0.0 0.2560 2.6:1 9.0:1 0.0789
Aug 454 40.7 0.8341 2.0:1 311 0.07620
Sep 5.6 0.0 0.4512 10.3:1 151 0.0019
Oct 0.0 26.2 0.0758 1.4:1 1.7:1 0.5169
Nov 0.0 0.0 0.9999 2.8:1 351 0.85527
Dec 2.3 18.6 0.2323 291 1.6:1 0.1243

a- Z-test of comparison of percents drawn from 2 samples was used.
b- Chi-square test was used.

109 males and 47 females were collected. The percentage
of camel infestation with H. impeltatum varied during
this year. Low camel infestations (P<0.0181) occurred
in February, March and April and September with no
significant difference (P>0.0437-P>0.6095) between
these months (Table 5). Tick infestation was low
(P<0.007-P<0.00001) during these months as well as
during July, August and October, ranging between 0.2
and 1.3 ticks/camel (Table 5). Of the animals examined,
60-80% were infested during January, May, June and
December, with the highest (P<0.0174) tick infestation
being 3.8 ticks/camel in June (Table 5).

During the second year, a total number of 200 ticks
including 137 males and 63 females were collected.
During this year, the highest (P<0.025-P<0.018)
percentages of camel infestation were in January and
May and the low ones were in March, April, July and
November. The highest tick infestation (P<0.00001)
occurred in May (6.4 ticks/host), followed (P<0.00001)
by August (2.5 ticks/host) and the lowest (P<0.0001)
occurred in March, April and July (0.6, 0.4 and 0.3
ticks/host, respectively) with no significant differences
between the latter infestations (P>0.53-P>0.64).

When the monthly data of the 2 years were statistically
compared, the percentages of camel infestation were
found to be similar throughout both years except for
the month of September when camel infestation during
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1991 was higher than that in 1990 (Table 5). On the
other hand, tick infestation was higher in 1990 than in
1991 during June and December while it was lower in
1990 than in 1991 during May and August (Table 5).

Males outnumbered females for 10 months during
both years (Table 5). During 1990, the high male:
female ratios (P<0.025-P<0.001) of January, February,
September, November and December were not
significantly different (P>0.5303-P>0.6701) from each
other. Similarly, during 1991 the high (P<0.025-P<0.01)
male: female ratios in March, August, September,
November and December were not significantly different
(P>0.300-P>0.684) from each other. When the monthly
ratios of the 2 years were compared, no significant
difference was observed (Table 5).

Effect of climatic conditions on H. impeltatum
infesting camels

During both years, the changes in tick infestation (ticks/
host) was not correlated with rainfall (r=-0.319, P=0.156
and r=-0.109, P=0.368, respectively), air temperature
(r=0.076, P=0.407 and r=0.152, P=0.319, respectively)
or RH (r=-0.136, P=0.337 and r=-0.156, P=0.314,
respectively).

Other tick species infesting camels

The total number of the other 4 tick species and
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Table 5. Monthly records of Hyalomma impeltatum infesting 10 camels in Al-Kharj during the years 1990 and 1991.

Month No of Ticks? Male : Female Camel infestation %
1990 1991 P value 1990 1991 P value 1990 1991 P value

Jan 11 20 0.4297° 45:1 1.0:1 0.0899¢ 60 90 0.1160
Feb 12 14 0.9651° 5.0:1 251 0.4045¢ 30 50 0.3634
Mar 2 6 0.2381¢ 1.0:1 5.0:1 0.4643¢ 20 20 0.9999
Apr 2 4 0.4649° 2.0:1 1.0:1 0.8000¢ 20 30 0.6085
May 16 64 0.0000° 0.8:1 131 0.5375° 70 80 0.6095
Jun 38 13 0.0000° 1.9:1 2311 0.5526¢ 70 40 0.1744
Jul 9 3 0.0550° 35:1 3.0:1 0.5455¢ 40 30 0.6430
Aug 9 25 0.0497° 131 4.0:1 0.1619° 50 50 0.9999
Sep 5 14 0.1793° | 5.0:0 14.0:0 0.9999° | 10 70 0.0028
Oct 13 12 0.5184° | 04:1 1.4:1 0.3252° | 50 40 0.6568
Nov 20 15 0.1353° | 4.0:1 4.0:1 0.6679° | 70 30 0.0667
Dec 19 10 0.0237° | 5.3:1 9.0:1 0.5712¢ | 80 50 0.1557
Total 156 200

a- No of ticks/host is No of ticks divided by 10.

b- Chi-square test was used.

c- Fisher’s exact test was used.

d- Z-test of comparison of percents drawn from 2 samples was used.

subspecies was 148, representing 5.1% only of all ticks
collected from the camels during the study period.
Hyalomma a. excavatum represented 3.6% of the total
ticks during both years (Table2) with a mean monthly
infestation of 2.7 and 5.9 ticks/host during 1990 and
1991, respectively. Hyalomma a. anatolicum represented
1.4% only of all ticks collected from camels (Table2)
with a mean monthly infestation of 0.9 and 2.4 ticks/host
during 1990 and 1991, respectively. H. m. ruypes and R.
turanicus represented 0.14 and 0.03% of the total ticks
collected from the camels during both years (Table 2).
The small numbers of these 4 species did not allow for
appropriate statistical analysis.

Discussion

Previous research programs have determined the tick
species infesting animals in Saudi Arabia (Al-Asgah et
al., 1985, 1990; Al-Khalifa et al., 1983, 1984, 1987;
Diab et al., 1985, 1987, 2006; Hussein et al., 1988).
The results of these studies showed that more extensive
investigations were required to provide the essential
basic biological data required for the control of these
ticks, the vectors of many diseases of man and his
domesticated animals.

Since the camel represented the most common farm
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animal in Saudi Arabia and, at the same time, the most
commonly infested with ticks (Diab et al., 1987, 2006),
emphasis was directed to this animal. Also, Riyadh
Region was selected since it is one of the most densely
populated areas of the Kingdom. Al-Kharj is located at
about 80km south of Riyadh city, at an altitude of 600m
above sea level which explains the relatively lower
temperatures recorded in this area than in other towns
and villages at lower altitudes where the temperature is
around or above 40°C during late spring, summer and
early autumn. During the present study, the weather data
showed that Al-Kharj area is generally characterized by
moderate to relatively high temperatures, little rainfall
and moderate to relatively low RH during most of
the year. During 1990 and 1991, the higher RHs were
associated with the lowest temperatures, but rainfall
was not correlated with the RH. However, the greatest
precipitation occurred in January when the RH was
the highest and the temperature was the lowest in both
years. However, the numbers of H. dromedarii and H.
impeltatum infesting camels were not correlated with
changes in these weather parameters. However, the year
1991 was characterized generally by lower temperatures
and RHs than the year 1990, and larger numbers of ticks
of all species were collected during 1991 than in 1990.
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Such weather apparently was not unsuitable for the
development of H. dromedarii and H. impeltatum which
are adapted to arid environment (Hoogstraal, 1956,
Pegram et al., 1981); H. dromedarii was considered as
the most completely desert-adapted ixodid tick of Africa
and was usually found in arid ecological zones below
1700m of altitude (Pegram et al., 1981). Therefore, it
is not surprising that adults and nymphs of this species
thrived during the hottest and driest months of the
year (May-August) as well during the coldest months
(January and February).

The pattern of the infestation dynamics of H.
dromedarii and H. impeltatum was nearly the same
during both years of investigation. However, the increase
in tick infestation during the second year than in the first
one is evident, which urges the undertaking of control
measures to prevent further increase in tick infestation.
Control measures directed toward stages parasitic on
camels are probably more effective during the months
of peaks of tick infestation.

Immature stages of H. dromedarii may feed on
camels, as observed during the present study, but these
stages as well as those of H. impeltatum commonly
infest a wide variety of wild rodents, other small-sized
vertebrates and birds (Hoogstraal and Kaiser, 1958;
Hoogstraal et al., 1981; Al-Khalifa et al., 2006). During
the months of absence of nymphal H. dromedarii from
camels, immatures of this species and of H. impeltatum
were probably feeding on such small vertebrates as it
has been observed by Al-Khalifa et al. (2006). Control
measures against these immature stages are quite difficult
and such measures should be directed toward the adult
parasitic phase.

In the present investigation, males of both H.
dromedarii and H. impeltatum outnumbered the females
throughout almost all of the study period. This finding
was previously recorded by El-Kady (1991) and Shoukry
et al. (1993) in Egypt who referred this observation to
the fact that males feed much longer than females.

H. dromedarii was considered to be important in the
epidemiology of enzootic CCHF virus wherever camels
occur (Hoogstraal, 1979). This fact should be taken in
consideration since CCHF virus was found to be endemic
in Makkah Region (El-Azazy and Serimgeour, 1997).
Kadam (KAD) virus also was isolated from a pool of
male H. dromedarii taken near a dead camel in Wadi
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Thomamah in Riyadh Region (Wood et al., 1982) as well
as from ticks infesting camels in Qassim (unpublished
data). Also, Sindbis virus was isolated from ticks of this
species infesting camels in Qassim and infesting cattle
in Jizan Region (unpublished data). Chick Ross virus
was also isolated from ticks infesting camels in Qassim
(unpublished data). Also, Sidbis virus was isolated from
H. impeltatum infesting camels in Qassim and Riyadh
Region (unpublished data) and Dhori viruses from ticks
of this species infesting camels in the Eastern Frontiers
Region (Dr. G. M. Khalil, personal communication).

Adult H. excavatum parasitizes camels, cattle, sheep,
goats, horses and donkeys (Hoogstraal, 1956) and adult
H. a. anatolicum is primarily a parasite of cattle although
it can infest many domestic animals (Hoogstraal, 1956).
The latter species has been found in relatively large
numbers on cattle and only rarely on camels in Al-Hofuf
in the Eastern Region and in Al-Majma’a in Riyadh
region (Diab et al., 2006). This host preference may
explain its presence in very small numbers on camels
during this study.

H. m. ruypes adults parasitize domestic herbivores,
especially cattle and also horses, sheep and goats.
Immatures of this tick species are usually carried
on migrating birds. Ecologically, H. m. ruypes is a
savanna tick governed throughout its extensive range
by combinations of climatic factors including annual
rainfall quantity and temperature, and faunal factors
including the availability of its hosts (Hoogstraal et al.,
1981). This is probably the reason for its rarity in the
arid environment in Al-Kharj area.

R. turanicus adults feed on a wide variety of large-
sized and medium-sized domestic and wild carnivores
and herbivores in numerous biotopes (Pegram et al.,
1987a) and usually infest sheep and goats in Saudi
Arabia (Diab et al., 2006). This is probably the reason
for their rarity on camels in the present study. Immatures
of this tick feed chiefly on rodents, hedgehogs and hares
(Pegram et al., 1987a).

Althoughthe data of the present study is of arelatively
old period of time, it still provides basic information on
the pattern of camel infestation with ticks in Al-Kharj
area. Such data are probably of value for plans of control
measures against camel infesting ticks.
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