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Abstract







The study aimed to assess the long-term population dynamics of questing Rhipicephalus appendiculatus and Rhipicephalus
zambeziensis in two landscape zones of the Kruger National Park (KNP). Ticks were collected by dragging the vegetation monthly
in three habitats (grassland, woodland and gully) at two sites in the KNP (Nhlowa Road and Skukuza) from August 1988 to March 2002.
Larvae were the most commonly collected stage of both species. More R. appendiculatus were collected at Nhlowa Road than at
Skukuza, with larvae being most abundant from May to August, while nymphs were most abundant from August to December. Larvae were
most commonly collected in the gullies from 1991 to 1994, but in the grassland and woodland habitats from 1998 onwards. Nymphs
were most commonly collected in the grassland and woodland. More R. zambeziensis were collected at Skukuza than at Nhlowa
Road, with larvae being most abundant from May to September, while nymphs were most abundant from August to November. Larvae and
nymphs were most commonly collected in the woodland and gullies and least commonly in the grassland (p < 0.01). The
lowest numbers of R. appendiculatus were collected in the mid-1990s after the 1991/1992 drought. Rhipicephalus zambeziensis
numbers declined after 1991 and even further after 1998, dropping to their lowest levels during 2002. The changes in numbers of these
two species reflected changes in rainfall and the populations of several of their large herbivore hosts, as well as differences in
the relative humidity between the two sites over time.















Introduction





The population dynamics of ticks are influenced by a complex interaction between ticks, their hosts and their environment.
Many studies have examined these associations, but most have been of relatively short duration – typically 1–
2 years – and there is little information on longer-term changes in tick populations.In an earlier publication (Horak, Gallivan & Spickett 2011) we described the changes in the numbers of questing ticks
and the populations of two major tick species, Amblyomma hebraeum and Rhipicephalus decoloratus, collected by
monthly dragging at two sites in the Kruger National Park (KNP) over a period of 164 months. In the present publication we
describe the changes in the populations of two other commonly collected tick species, Rhipicephalus appendiculatus
and Rhipicephalus zambeziensis. These morphologically similar species are sympatric in the KNP and are commonly
collected from medium to large-sized ungulates (Horak et al. 1983a; Horak, De Vos & Brown 1983b; Horak et al.
1992; Horak et al. 2003). The relative intensities of infestation of R. appendiculatus and R. zambeziensis
on antelopes vary. While host preference may be a factor, the variation in the relative intensities of infestation on impalas
(Aepyceros melampus) collected at several sites (Horak et al. 2003) suggests that site may also be an important
component. However, there is limited information on the factors determining the distribution of these two ticks in the KNP. 
In Zimbabwe, R. zambeziensis occurs in hotter, drier areas of the great river valleys of the northern, north-
western and southern parts of the country, whereas R. appendiculatus is found at higher elevations in the
eastern and southern parts, with an intermediate zone where the distributions overlap (Norval, Walker & Colborne 1982).
Minshull and Norval (1982) described factors influencing the spatial distribution of R. appendiculatus in Kyle
Recreational Park, Zimbabwe and Norval and Perry (1990) described factors influencing the disappearance of introduced 
R. appendiculatus from the Zimbabwe lowveld. Perry et al. (1990) used computer models to assess the
effect of climate and vegetation on the distribution of R. appendiculatus in Africa, while Olwoch et al.
(2007) used computer models to assess the effect of climate change on Rhipicephalus species, including R.
appendiculatus and R. zambeziensis, in sub-Saharan Africa. Because the present study was conducted over a
period of 164 months, and began towards the end of a wet period in the KNP and continued through the dry period into a subsequent
wet period (Horak et al. 2011), it provided an opportunity to examine the effect of changes in rainfall on the population
dynamics of these two species in the KNP.













Materials and methods





The KNP is a large nature reserve in north-eastern South Africa covering nearly 2 million hectares. Within the KNP there are
five vegetation types (Acocks 1988) and 35 landscape zones (Gertenbach 1983). The study sites at Skukuza and Nhlowa Road,
climate, methods of tick collection and statistical methods employed have been described in detail by Horak et al.
(2011). Records of annual (June–May) rainfall and mean monthly relative humidity at 08:00 and 14:00 were obtained from
the weather stations at Skukuza and Lower Sabie, the two rest camps closest to the study sites, for the period of the study.Briefly, questing ticks were collected monthly by drag-sampling the vegetation with flannel strips, including flannel leggings
worn by the drag operator (Spickett et al. 1992) at two identified KNP sites. This collection method favours the recovery
of larvae (Spickett et al. 1991), although nymphs and adults were consistently recovered. The Nhlowa Road site was in
Gertenbach’s (1983) Landscape Zone 17 (Marula–Knob thorn savanna) and the Skukuza site was in Landscape Zone 4
(Thickets of the Sabie and Crocodile Rivers). Three drags, approximately 250 m in length, were made monthly in each of three
visually selected habitats, namely grassland, woodland and gully. After each drag the ticks on the flannel strips and the
leggings were removed using sharp-pointed forceps and stored in 70% ethyl alcohol in internally labelled, plastic-stoppered
glass vials for later identification and quantification.
Sampling commenced in August 1988 and continued in each habitat at the two localities until March 2002, unless when there
was heavy rainfall or a bush fire, or elephants, African buffaloes or lions visible in a habitat. 









Results







Climate data




Annual rainfall (June–May) at the Skukuza rest camp averaged 609 mm for the period of the study, with a range of
275 mm – 1122 mm (Figure 1a). Average annual rainfall at the Lower Sabie rest camp, the closest climate station
to the Nhlowa Road site, was similar to that at Skukuza, as was the mean monthly relative humidity (Figure 1b).
















Rhipicephalus appendiculatus




Table 1 shows that R. appendiculatus was the second most commonly collected tick at Nhlowa Road, but was
relatively uncommon at Skukuza (p < 0.001). Larvae were the most commonly collected stage at both localities,
comprising 97.3% of the collection at Nhlowa Road and 89.5% of the collection at Skukuza.











At Nhlowa Road there was a significant difference between the number of larvae and nymphs collected over the years
(p < 0.01). The numbers increased until the early 1990s, declined markedly until 1996/1997 and then increased
until 2000 (Figure 2a). However, much smaller numbers of larvae and nymphs were collected around the turn of the century
than in the early 1990s. There was a peak in adult tick numbers in 1990/1991, while none were collected from 1996 to 1998,
after which the numbers increased. With the exception of 1990/1991, more adults were collected from 1998/1999 to 2001/2002
than in the early 1990s. At Skukuza 35.5% of the R. appendiculatus larvae were collected in 1993,
41.0% in 2000 and 11.7% in 2001. None were collected from 1994 to 1997. The high number collected in 1993 was probably
an anomaly, because 91 of the 97 larvae collected that year came from a single drag. Few nymphs or adults were collected
at Skukuza and none were collected there from the mid-1990s to 2000 (Figure 2b).





















At Nhlowa Road R. appendiculatus larvae were collected from March to December, with peak collections
from June to August (Figure 3a). Nymphs were collected throughout the year, with peak collections from August to
November, while adults were collected from January to July, with peak collections in March and April. At Skukuza
the seasonal activity was much more restricted (Figure 3b). Larvae were collected from April to September, with a
peak in June, nymphs were collected from July to January, with a peak from August to October, and adults were collected
from February to August, with a peak in April.









There was a significant difference in the seasonal patterns of collections of R. appendiculatus
larvae over the years at Nhlowa Road (p < 0.001). In years when large numbers of larvae were collected,
the peaks were much higher and the season typically stretched from April to November, with the peak in July or
August. However, in years when relatively few larvae were collected, the collections were from April or May to
August or September, with peaks in June or July, similar to the pattern at Skukuza.
The numbers of R. appendiculatus larvae were not significantly correlated with annual rainfall or
rainfall during their active period (April–November) at either site, but were negatively correlated
(r = –0.71; p < 0.05) with winter rainfall at Nhlowa Road. The numbers of nymphs and adults were
not significantly correlated with annual rainfall at either site.
The numbers of R. appendiculatus larvae did not differ significantly between the three habitats
(p = 0.23). However, there was a significant year-by-habitat interaction (p = 0.004). At Nhlowa
Road, R. appendiculatus larvae were most commonly collected in the gullies and least frequently
in the grassland from 1991 to 1994, but they were most commonly collected in the grassland and woodland and
least frequently in the gullies from 1998 to 2001 (Figure 4a). Similar patterns were seen at Skukuza, but they
were less pronounced. The distribution among habitats did not differ by month (Table 2).









At Nhlowa Road R. appendiculatus nymphs were most commonly collected in the grassland and
woodland and least frequently in the gullies. There was a marginally significant year-by-habitat interaction
(p = 0.06), with higher numbers in the grassland and woodland from 1988/1989 to 1991/1992 and from
1998/1999 to 2000/2001 (Figure 4b). The distribution among habitats did not differ by month, but the numbers
were much higher in the grassland than in the gullies from August to November. There was no significant difference
between habitats at Skukuza, but nymphs were most commonly collected in the woodland and gullies and least commonly
in the grassland. At Nhlowa Road, 69 of the 139 R. appendiculatus adults were collected in the gullies,
as were eight of the nine adults at Skukuza.












Rhipicephalus zambeziensis



Rhipicephalus zambeziensis was the most commonly collected tick at Skukuza, accounting for 38.3% of the ticks
collected at this site. The numbers of R. zambeziensis collected were significantly higher at Skukuza
than at Nhlowa Road (p = 0.001). Larvae were the most commonly collected stage of R. zambeziensis,
accounting for 93.3% of the collections at Skukuza and 87.6% at Nhlowa Road. The numbers of R. zambeziensis larvae varied significantly between years (p < 0.001) and there
was a significant year-by-site interaction (p < 0.001). At Skukuza the numbers of larvae declined after
1991 and remained relatively constant until 1999/2000, after which they declined rapidly (Figure 5a). At Nhlowa Road
there were two peaks in the number of larvae, from 1991 to 1993 and from 1995 to 1998 (Figure 5b).
























The numbers of nymphs also varied significantly between years (p < 0.001), with a significant year-by-site interaction
(p < 0.001). At Skukuza the numbers of nymphs were relatively constant from 1988/1989 to 1991/1992, declined and then
remained relatively constant until 1999/2000, after which the numbers declined markedly (Figure 5a). At Nhlowa Road the numbers
of nymphs varied among years, with peaks in 1992/1993, 1995/1996 and 1998/1999 (Figure 5b). At Skukuza, 68% of the adults were
collected during 3 years, namely 1990/1991, 1998/1999 and 2000/2001. At Nhlowa Road four of the nine R. zambeziensis
adults were collected in 1998/1999. 
At Skukuza larvae were collected in all months except January, with peak collections from June to September (Figure 6a).
There was a significant year-by-month interaction (p < 0.001) caused by year-to-year variation in the numbers
collected during the peak period of activity rather than differences in the duration of the activity period. Nymphs were
collected in all months except March and April, with a peak from August to October. Adults were collected from January to
June, with a peak in March and April. At Nhlowa Road larvae were collected from April to November, nymphs from May to December,
and adults from January to May (Figure 6b). The peak activity periods for all stages were similar to those at Skukuza.




There was a negative correlation (r < –0.5; p < 0.1) between the numbers of larvae collected and
seasonal rainfall at both sites, and a significant negative correlation with rainfall during their activity period (April–
November) at Skukuza (r = –0.59; p = 0.03), but not at Nhlowa Road. The numbers of nymphs were not
significantly correlated with rainfall.
As shown in Table 2, R. zambeziensis larvae and nymphs were most commonly collected in the woodland and gullies
and least commonly collected in the grassland (p < 0.01). The peak numbers were higher and the duration of
activity was longer in woodland and gullies than in grassland. The difference in distribution between habitats was
statistically significant at Skukuza (p < 0.001), but not at Nhlowa Road (p > 0.1). The distribution
of larvae and nymphs among habitats was consistent over months and years (Figures 7a and b). Adults were most commonly
collected in the gullies at both sites. 










Discussion










Rhipicephalus appendiculatus 




Rhipicephalus appendiculatus is a three-host tick. Its preferred wild hosts are African buffaloes,
elands (Taurotragus oryx), the larger tragelaphine antelopes and waterbuck (Kobus ellipsiprymnus),
although the smaller antelopes are also good hosts of its immature stages (Horak et al. 2003; Horak,
Golezardy & Uys 2007; Walker, Keirans & Horak 2000;). It was the second most commonly collected tick at
Nhlowa Road, but was relatively uncommon at Skukuza (Table 1). At Nhlowa Road the numbers of R. appendiculatus increased from 1988/1989 to a peak in 1991/1992 and
then declined markedly through the mid-1990s. The numbers increased again in the late 1990s, but were less than 10%
of the numbers in the early 1990s. The reason for the increase in numbers from 1988/1989 to 1991/1992 is unclear as many
of the major ungulate populations were already declining (Ogutu & Owen-Smith 2005) and the numbers of the other major
tick species, A. hebraeum and R. decoloratus, were relatively constant (Horak et al. 2011).
However, Gallivan et al. (1995) noted higher burdens of adult R. appendiculatus and Rhipicephalus
muehlensi, another ear tick, on impalas in an unmanaged, overgrazed area in Swaziland than on impalas in an adjacent
managed area. Impalas in poorer condition were more heavily infested with adult ticks. This could suggest that an increase
in adult survival on the hosts may have contributed to the increase in the numbers of questing R. appendiculatus up
to 1991/1992. The decline in the numbers of R. appendiculatus after 1991/1992 coincided with the decline in the
populations of large herbivores and other major tick species following the 1991/1992 drought. However, the numbers of R. appendiculatus
remained low, and it was the only major tick species that did not exhibit a substantial increase in numbers towards the turn
of the century (Horak et al. 2011). The lack of recovery towards the turn of the century probably accounts for the
negative correlation observed between winter rainfall and the number of questing larvae.
Horak, Spickett & Braack (2000) noted that there seems to be a considerable lag phase between low annual rainfall
and the largest decrease in the numbers of questing R. appendiculatus. The nadir for R.
appendiculatus collections was not reached until 1996/1997; between 2 and 4 years after the nadirs for the other
major tick species (Horak et al. 2011). Vegetation analyses by the South African National Parks (SANParks) staff
during and after the drought of 1991/1992 indicated that the greatest proportion of bare soil surface occurred during
1996/1997, 5 years after the drought (Horak, Spickett & Braack 2000). Short et al. (1989a, 1989b) reported both
reduced fecundity and lower survival of R. appendiculatus in short grass habitats in Zimbabwe. Thus, the
decrease in cover probably reduced both the fecundity and the survival of the free-living stages of R. appendiculatus,
and exacerbated the decline in numbers caused by the decrease in host populations. Dry stress during a drought period was an
important contributing factor to the disappearance of R. appendiculatus that had been introduced into the lowveld of
Zimbabwe (Norval & Perry 1990). 
With the exception of a peak in 1993, most R. appendiculatus at Skukuza were collected around the turn of
the century during a period of above-average rainfall. The apparent peak in 1993 was probably an anomaly because 91 of
the 97 larvae were collected from a single drag. In a study on the dispersal patterns of ticks under field conditions,
Rechav (1979) observed that R. appendiculatus larvae remained within 50 cm of their release point. Thus, the high
number probably represents the capture of larvae from a single female, or group of females, that had detached at one
location rather than an increase in tick numbers that year. 
Peak numbers of R. appendiculatus larvae were collected from June to August (Figure 2a), peak numbers of
nymphs from August to November, and peak numbers of adults in March and April. The seasonality of R. appendiculatus
at Nhlowa Road was similar to that on adult impala rams examined approximately 16 km south of the Nhlowa Road site
(Horak et al. 2003) and to that of free-living ticks collected by drag-sampling in an earlier survey (Spickett et al. 1992). 





The seasonality of R. appendiculatus larvae differed between years at Nhlowa Road. In years during which
large numbers of larvae were collected, the season extended from April to November, with a peak in July or August,
whereas in years during which relatively few larvae were collected, the collections were made from April or May to August
or September, with peaks in June or July. The shorter activity period in the years with small populations may be explained
by the decrease in fecundity and survival in short grass habitats (Short et al. 1989a, 1989b) that would reduce tick
numbers later in the season. 
The seasonality of R. appendiculatus larvae at Skukuza was similar to that observed in years with few ticks
at Nhlowa Road. The peak periods of activity were approximately 1 month later and the duration of activity was 2 months
shorter than the activity of R. appendiculatus on impalas in this landscape zone in 1980/1981 (Horak et al. 2003).
However, the seasonality was similar to that on impalas and scrub hares (Lepus saxatilis) examined during the current study
period (Horak et al. 1993; 2003) and in a study on the effects of burning in this landscape zone (Horak et al. 2006).
As with the seasonal patterns at Nhlowa Road, the differences between the activity periods on impalas in 1980/1981 and the activity
periods in the later studies may be explained by differences in vegetation. The impala collections in 1980/1981 were made at the
end of a period of above-average rainfall (Whyte & Joubert 1988) when there was a substantial grass mat (Horak, De Vos &
Braack 1995). In contrast, the collections during the current study were made during a period of below-average rainfall.
In 1991/1992 there was a severe depletion of the standing grass and virtual disappearance of the grass mat that provided
habitat for the free-living stages (Horak et al. 1995).
The habitat distribution of R. appendiculatus differed by stage and over time. In the early years of this
study, R. appendiculatus larvae were primarily collected in the gullies at both sites, whereas they were
collected in the grasslands and woodlands around the turn of the century. The preferred hosts of R. appendiculatus
adults are the large grazing ungulates such as elands and buffaloes, but they also utilise kudus (Tragelapus strepsiceros)
and impalas when other hosts are not available (Horak et al. 1992, 2003, 2007). The decline in the populations of buffaloes
and elands in the early years of this study probably increased the importance of kudus and impalas as hosts of adult
R. appendiculatus. Buffaloes use woodland for shade, kudus are browsers and impalas are predominately
browsers in the late summer (Wronski 2002). Thus, females would have detached in the gullies and woodland, where they and the
hatching larvae would have had improved survival chance relative to those in the open grassland. The recovery of the grass
sward and large herbivore populations towards the turn of the century would have increased use of the grasslands by the large
grazers and impalas and improved larval survival in this environment. 
At Nhlowa Road nymphs were collected most frequently in the grassland and least frequently in the gullies. This pattern was
most apparent prior to the 1991/1992 drought, when numbers were increasing, and after the turn of the century. While the
distribution among habitats did not differ significantly between months, numbers of nymphs were much higher in the grassland
than in the gullies from August to November, the period of peak activity. The habitat distribution of nymphs probably reflects
habitat use of major hosts during the period of larval activity. Buffaloes expand their range in winter, with increased use of
the uplands (Funston, Skinner & Dott 1994), and impalas increase the percentage of time spent grazing, particularly after
the spring rains (Wronski 2002). The shift in habitat use by these two species would have increased the number of larvae detaching
in the grassland during the winter and spring. At Skukuza the majority of R. appendiculatus nymphs were collected
in the woodland and gullies, reflecting the preferred habitats of the predominant hosts at this site. 
Adult R. appendiculatus were collected most frequently in the gullies at both sites. This distribution may reflect
the use of shaded areas by hosts in the summer and the impact of climatic stress. Short et al. (1989b) reported shorter
duration of survival of adult R. appendiculatus in short grass habitats than in long grass habitats and Minshull
and Norval (1982) noted that the numbers and duration of activity of R. appendiculatus adults were
substantially greater in the cooler, moister Julbernardia woodland than in the open grassland. 









Rhipicephalus zambeziensis




Rhipicephalus zambeziensis is also a three-host tick. The preferred wild hosts are impalas and kudus
(Horak et al. 1992, 2003; Walker et al. 2000). R. zambeziensis accounted for 38.3% of
the ticks collected at Skukuza, but only 1.3% of the ticks collected at Nhlowa Road (Table 1). The predominance of
R. zambeziensis in the riverine thickets is consistent with previous studies on free-living ticks and
surveys of hosts in the two landscape zones (Horak et al. 1983b, 1993, 2003, 2006; Spickett et al. 1992).
R. zambeziensis is present in the great river valleys and adjacent low-lying areas of southern African
countries from Angola in the west to Tanzania in the east (Walker et al. 2000). The Nwaswitshaka River, along
which the collections were made, flows into the Sabie River a few kilometres to the north of the Skukuza collection
site. The Sabie River valley and its adjacent low-lying areas are considered the south-eastern limit of this tick’s
distribution (Walker et al. 2000).At Skukuza the numbers of R. zambeziensis peaked in 1991/1992, then declined to a nadir in 1994/1995,
increased slightly from 1996/1997 to 1999/2000, and then declined again. At Nhlowa Road, the numbers increased until
1992/1993, declined to a nadir in 1994/1995, increased from 1995/1996 to 1998/1999, and then declined again. The
trends in the numbers of R. zambeziensis until the mid-1990s were similar to those of R. 
appendiculatus at Nhlowa Road, and changes in ungulate nutritional status and populations may have had a similar
influence on both tick species. However, unlike R. appendiculatus, the numbers of R. zambeziensis
increased after the nadir, similar to the populations of A. hebraeum and R. decoloratus 
(Horak et al. in press), but unlike the latter two species, the populations of R. zambeziensis
declined after the turn of the century.
The seasonality of R. zambeziensis was similar to that of R. appendiculatus, but the duration
of peak activity was typically 1–2 months longer. At Skukuza the peak abundance of R. zambeziensis was
later and the seasonal occurrence was longer in years with large numbers, similar to the patterns for R. appendiculatus
at Nhlowa Road. The seasonal occurrence of R. zambeziensis at Nhlowa Road was similar to that at Skukuza
in years when low numbers were collected. 
The seasonal occurrence of R. zambeziensis at Skukuza corresponded to that on impalas and scrub hares in
this area (Horak et al. 1993, 2003), although the duration of activity of the questing stages was longer than
the duration of activity on the hosts. The duration of activity on impalas appears to correspond more closely to the
duration of activity of R. zambeziensis in the grassland than with the duration of activity in the woodland
and gullies. This probably reflects the seasonal shift from browsing to grazing by impalas (Wronski 2002) and the more
favourable climatic conditions of woodland and gullies for the survival of the free-living stages during the winter and spring. 

















Conclusion






Questing ixodid ticks were collected by dragging the vegetation monthly in three habitats, namely grassland, woodland and
gully, at two sites (Nhlowa Road, Landscape Zone 17 and Skukuza, Landscape Zone 4) in the KNP from August 1988 to March 2002.
The study began towards the end of a wet period in the KNP and continued through the dry period into the subsequent wet period
(Horak et al. 2011), which also provided an opportunity to examine the effect of changes in rainfall on the population
dynamics of these two species in the KNP.The predominance of R. appendiculatus in the Marula–Knob thorn savanna and of R.
zambeziensis in the riverine thickets is consistent with previous studies on free-living ticks and surveys
of hosts in these landscape zones (Horak et al. 1983b, 1993, 2003, 2006; Spickett et al. 1992).
The host populations differ between the two landscapes zones (Horak et al. 2011) and the apparent differences
in host preferences of these two species probably reflect differences in landscape preferences of their hosts rather
than host selectivity.
The differences in the relative numbers of R. appendiculatus and R. zambeziensis at
the two sites and the responses of their populations over time suggest that climatic conditions may be important
in determining the population dynamics of these ticks at the interface of their distributions. In Zimbabwe,
R. zambeziensis occurs in areas with an annual rainfall of less than 700 mm and average relative
humidity less than 55% and 70% in the dry and wet months, respectively. R. appendiculatus, however, occurs
in areas with an annual rainfall of more than 500 mm rainfall and relative humidity of 50% – 70% and 70% –
85% during the dry months and wet months, respectively (Norval et al. 1982). At the beginning of the present
study, R. appendiculatus predominated at Nhlowa Road, while R. zambeziensis predominated at Skukuza.
The populations of both species declined after the 1991/1992 drought. At Skukuza the populations of R. zambeziensis
 recovered in the late 1990s, but then declined. In contrast, except for 1993, the populations of R. appendiculatus
were highest at Skukuza in 2000 and 2001. At Nhlowa Road the populations of R. appendiculatus increased until
1991, declined to a nadir in 1996 and 1997, and then increased again. The populations of R. zambeziensis peaked in
1992, declined, and then increased again before declining towards the turn of the century. From 1995 to 1997, the numbers
of R. zambeziensis exceeded the numbers of R. appendiculatus. The predominance of R. zambeziensis at
 Nhlowa Road and virtual disappearance of R. appendiculatus at Skukuza occurred towards the end of the dry cycle.
 In contrast, the populations of R. zambeziensis declined markedly at both sites during the period of above-average
 rainfall at the turn of the century, while the populations of R. appendiculatus increased. This is consistent
 with the findings of Madder et al. (2005) who, in their survival studies of these two species in Zambia,
 found R. appendiculatus to be confined to cooler and wetter conditions, while R. zambeziensis
 is better adapted to hotter and drier conditions. 
The changes in rainfall appear to explain the overall trends in the populations of the two tick species, but they do
not explain the differences between the two sites because the average rainfall was similar, or slightly lower, at
Nhlowa Road (Horak et al. 2011). However, relative humidity was generally lower at Skukuza than at Nhlowa
Road, except during the mid-1990s when rainfall was higher at Skukuza than at Nhlowa Road. The increase in the
numbers of R. zambeziensis at Nhlowa Road prior to the 1991/1992 drought coincided with a general decrease
in relative humidity. R. zambeziensis continued to be more common than R. appendiculatus at Nhlowa
Road during the mid-1990s when relative humidity was lower. However, the numbers of R. appendiculatus increased
and the numbers of R. zambeziensis declined as rainfall and relative humidity increased towards the turn of the
century. At Skukuza, the numbers of R. zambeziensis declined following the heavy rainfall in 1999/2000 when
relative humidity was higher than that observed in the first years of this study. Thus, while rainfall may be important
for determining population trends, relative humidity may be the factor determining local distributions.
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