
425© The Author(s) 2020. Published by Oxford University Press on behalf of Entomological Society of America. 
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

Review

Questing by Tick Larvae (Acari: Ixodidae): A Review of the 
Influences That Affect Off-Host Survival
Brenda Leal,1 Emily Zamora,1 Austin Fuentes,1 Donald B. Thomas,2 and  
Robert K. Dearth1,3,

1Department of Biology, University of Texas Rio-Grande Valley, 1201 West University Drive, Edinburg, TX 78539, 
2U.S Department of Agriculture, Agricultural Research Service, Cattle Fever Tick Research Laboratory, 22675 North Moorefield 
Road, Edinburg, TX 78541, and 3Corresponding author, e-mail: robert.dearth@utrgv.edu

Subject Editor: Gadi VP Reddy

Received 6 February 2020; Editorial decision 7 May 2020 

Abstract

Questing is a host-seeking behavior in which ticks ascend plants, extend their front legs, and wait poised for a 
chance to attach to a passing host. Hard ticks are ectoparasites of terrestrial vertebrates and because some spe-
cies vector disease, they are among the most medically important of arthropod pests. All ixodid ticks require 
blood to survive and reproduce with the number of blood-hosts needed to complete their life cycle varying 
among species. The vast majority are three-host ticks requiring a different host for each developmental stage: 
larva, nymph, and adult. A few, including some of the most economically important species, are one-host ticks, 
that quest only in the larval stage. Questing is a rate-limiting behavior critical to tick survival and disease trans-
mission. For the off-host larval stage, survival is highly dependent on ecological and physiological factors. 
Yet, off-host larval ecophysiology is often overlooked for the more obvious adult and nymphal tick-host inter-
actions. This review summarizes the literature on ixodid larval questing with emphasis on how specific biotic 
and abiotic factors affect off-host survival.
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Ticks are second only to mosquitoes as vectors of human dis-
ease worldwide, while within the United States, ticks account for 
77% of vector-borne diseases as of 2016 (Rosenberg et al. 2018). 
As sanguinivorous, parasites of vertebrates, ticks vector microbes 
threaten humans, wildlife, pets, and livestock (Gage et  al. 2008, 
Dantas-Torres et  al. 2012). Tick feeding on a host can also cause 
allergic reactions, loss of blood (tick burden), reduced milk produc-
tion, damage to hides, and in some cases paralysis (Doube 1975, 
Willadsen et al. 1978, Jonsson et al. 1998, McCulloch and Tungaraza 
2015). For these reasons, ticks are among the most economically and 
medically important ectoparasites of domestic animals (Jongejan and 
Uilenberg 2004, Durrani and Shakoori 2009). Ticks consist of three 
families: Ixodidae, Argasidae, and the monotypic Nuttalliellae. The 
family Ixodidae (hard ticks), which comprises most tick species, are 
particularly pestiferous with the highest transmission rate of disease 
and disease causing agents among the three tick families (Hargis and 
Myers 2017). These ticks are intermittent ectoparasites that spend as 
much as 90% of their life cycle off-host (Needham and Teel 1991, 
Randolph 2004). Oviposition, hatching from eggs, metamorphosis, 
and molting between life stages typically takes place off-host. For 
these nonparasitic, transitional stages, survival is highly dependent 
on biotic and abiotic factors such as climate and predation (Mwangi, 

Newson, et al. 1991b, Randolph 2004, Daniel et al. 2015). Thus, the 
ability to find and attach to a host quickly is essential for survival.

To find a host, larval ticks engage in a behavior known as questing, 
arguably the most important phase in the life cycle in that the larvae 
suffer the greatest mortality. Depending on the species and habitat, 
certain factors have greater influence than others, determining not 
only survival but the level of questing activity. There are two strat-
egies used by ticks in general, the ambush strategy and the hunter 
strategy. First, the ‘ambush’ strategy wherein ticks climb to the top of 
vegetation (or rocks), extend their front legs, and wait for a passing 
host. Second, the ‘hunter’ strategy wherein the ticks actively pursue 
a potential blood-host (Parola and Raoult 2001). Larval ixodids em-
ploy the ‘ambush’ strategy. Questing is metabolically costly, as larvae 
expend energy and run the risk of dehydration while receiving no 
nourishment (Lees 1946, Randolph 2004, Nicholson et al. 2019). It 
is at this stage that environmental factors directly affect questing be-
havior, at times forcing larvae to retreat to refugia when conditions 
are less favorable, thus limiting host interaction frequency. Under 
optimal conditions, larvae can survive off-host for 8–9 mo before 
starving to death (Hooker et al. 1912, Hitchcock 1955).

Because of their small size and clustered distribution, off-host 
ixodid larvae, sometimes called ‘seed ticks’, are not easily sampled 
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in the field (Schulze et al. 1997, Ramos et al. 2014). Consequently, 
this phase remains the most nebulous phase of the tick’s life cycle. 
Knowledge of longevity, persistence, and the ecophysiological limi-
tations of this nonparasitic transitional stage can help improve man-
agement practices. Therefore, this review summarizes the published 
knowledge on ixodid larval questing and the specific environmental 
factors that determine its success (Table 1).

Ixodid Tick Life Cycle

The majority of ixodid ticks are associated with free-roaming 
hosts (Kolonin 2007). Ixodid ticks are slow-feeding parasites that 
attach to the host for days or weeks while feeding, and they are 
categorized by the number of hosts exploited during their life 
cycle. The main difference between one- and three-host ticks is 
the detachment and questing period between the stages. One-host 
ticks attach and complete their life cycle on a single host, while 
most species are three-host ticks that detach and drop off the host 
to molt in the environment between stages (Sutherst et al. 1978, 
Needham and Teel 1991, Sonenshine and Roe 1991, de Castro and 
Newson 1993). Very few species are two-host ticks. In the genus, 
Rhipicephalus with mostly three-host ticks, there are two-host 
tick species such as the red tick Rhipicephalus (Digenius) evertsi 
(Neumann). The red tick infests a single-host rabbit or hare as 
larvae, detaching to molt but remaining on the host during molt 
and reattachment as a nymph, later dropping off the host as an en-
gorged nymph, eventually questing for an ungulate as the second 
host (Londt and Van Der Bijl 1977). Other species are function-
ally two-host ticks, responding to stress by not dropping from the 
host after larval engorgement. Climatic conditions and host type 
are the main factors influencing how many hosts ticks will use for 
development. For example, camel ticks (Hyalomma spp.) in the 
Saharan desert have the ability to develop on three or two hosts to 
complete the life cycle (Apanaskevich and Oliver 2014). Because 
the two-host ticks are derivates of the three-host life cycle, they 
detach from the host to molt, whereas one-host ticks remain at-
tached to the host during the molt.

The life cycle for a one-host tick comprises eight stages: female 
preoviposition period, female oviposition period, egg incubation 
period, larval-maturation (hardening) stage, host-seeking (questing) 
larva, feeding larva, feeding nymph stage, and the feeding adult 

stage (Fig. 1; Loomis 1961, Eremeeva and Dasch 2015). In a three-
host tick, the postembryonic life stages consist of larvae, nymphs, 
and adults in which all stages quest. Larvae typically require 1–7 
d of cuticular sclerotization (hardening) before they become recep-
tive to hosts (Gladney et al. 1970, Davey 1986). In some instances, 
it is the tick larvae that transmit the infectious agents such as the 
transfer of Babesia pathogens by Boophilus species (Howell et  al. 
2007, Labruna et al. 2009). Under optimal scenarios, one-host spe-
cies can complete their life cycle and reproduce in 4–8 wk (Mount 
et al. 1991), allowing multiple generations within a year. Three-host 
ticks frequently require more than a year to complete a generation 
(Troughton and Levin 2007).

Perhaps, the best indicator of the precariousness of larval 
tick existence is the reproductive rate of adult females. Fully en-
gorged females with heavier weights have more blood to convert 
to an egg mass compared with lighter females (Drummond et  al. 
1971, Campbell and Glines 1979). Once egg laying begins, a typ-
ical oviposition period for ixodid ticks is from 1–3 wk (Sweatman 
1967, Drummond and Whetstone 1970). Ticks produce variable 
amounts of eggs for example, the female rabbit tick, Haemaphyalis 
leporispalustris (Packard), can produce up to 3,327 eggs in one 
egg mass (Campbell and Glines 1979), and the female horse tick, 
Anocentor nitens (Neumann), can produce 3,984 eggs in one egg 
mass (Despins 1992), while Amblyomma maculatum (Koch) females 
can produce as many as 9,963 eggs in an egg mass (Drummond and 
Whetstone 1970). If females need to produce 10,000 eggs to main-
tain the population then, applying the logistic equation (Cody 1966, 
Pianka 1972), the odds of larva finding/attaching to a suitable host 
and completing its development is around 5,000 to 1. Host range, 
habitat, and behavior are factors that influence clutch size. In con-
trast to the free-living ticks mentioned above, nidicolous tick, ecto-
parasites of nesting animals, have much smaller egg masses (Arthur 
1951, Toutoungi et al. 1995). For example, the tree-hole tick, Ixodes 
arboricola (Schulze and Schlotke), has an egg mass of only 300–800 
eggs (Heylen et al. 2014).

Larval Sensory Organs

Ticks orient to environmental stimuli using an array of sensory re-
ceptors that facilitate questing (Mitchell et al. 2017). In larvae, the 
main recognized sensory organs are the eyes, Haller’s organ, palpal 

Table 1. Factors that influence off-host larval tick questing behavior

Abiotic/biotic factors Optimal for larval questing Description

Humidity ≥80–85% Larvae restrict questing activity to optimal relative humidity levels. Dry conditions will 
cause larvae to dehydrate. 

Temperature 3–38°C Ticks adapted to cold temperatures, such as I. ricinus, have been shown to commence in 
questing at temperatures as low as 3°C. While questing activity has been shown to be 
curtailed at ≥ 38°C.

Precipitation Precipitation in late spring/early 
summer

Precipitation contributes to higher levels of larval questing by providing optimal humid-
ity, milder temperatures, and lower saturation deficit.

Clustering Larger clusters Larger clusters reduce moisture loss and maximizes host attachment.
Photoperiod Presence of light during appro-

priate photoperiod
Ticks commence in questing depending on the specific photoperiod of the species of tick.

Seasonality Species dependent relationship 
between adaptive physiology 
and ecology

Fluctuation in climate, for a given region, dictate pronounce deviations in developmental 
maturation which create seasonal periods of questing.

Habitat Sheltered site with optimal 
microclimate

Optimal habitats produce prime microclimate conditions for questing architecture.

Predation and natural 
enemies 

Low predation Predatory mites, ants, spiders, and carabid beetles.
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organ, and integumentary sensilla. Collectively, these organs detect 
microclimatic changes eliciting a biological response that helps tick 
larvae navigate their surroundings, minimize metabolic loss, and ul-
timately attach to a host (Leonovich 2013).

Ixodid larvae have unipolar photoreceptor neurons that con-
nect to the optic lobes of the brain via the optic nerve (Phillis and 
Cromroy 1977). The lens of the tick eye is unique in having light 
guiding pore canals that function as motion detectors picking up 
movement and contrasting silhouettes (Phillis and Cromroy 1977, 
Kaltenrieder 1990). Larvae are responsive to light as early as 4-d 
postemergence (Krijgsman 1937). The presence of light is a principal 
factor in influencing the ascent of larvae on available foliage, but the 
length of exposure can alter questing behaviors (Wilkinson 1953, 
Binnington 1972, Nuñez et  al. 1982, Oliver 1989). For example, 
southern cattle fever tick, Rhipicephalus (Boophilus) microplus 
(Canestrini), larvae primarily quest from 10:00–14:00  h and do 
not descend to soil levels during this time frame (Short et al. 1989). 
However, during hours of strong UV or infrared exposure, some spe-
cies of larvae will hide beneath the shaded portion of grass blades 
(Wilkinson 1953; Fig. 3). Amblyomma variegatum (Fabricius) and 
Rhipicephalus (Rhipicephalus) appendiculatus (Neumann) larvae 
are most active in the morning (09:00–10:00  h) and afternoon 
(after 15:00 h), retreating to the shade during the mid-day (12:00–
15:00 h) (Pegram and Banda 1990). Temperature also influences this 
behavior and determining the dominant stimuli is sometimes diffi-
cult. Conversely, Rhipicephalus (Boophilus) australis (Fuller) larvae 
were observed to quest both day and night (Wilkinson 1961), which 
likely has much to do with host activity. Ixodes ricinus (L.) and 
Ixodes hexagonus (Leach) are known to be active at night because 
their preferred hosts (rodents, hedgehogs, and foxes) are nocturnal 
(Lees and Milne 1951, Matuschka et al. 1990, Perret et al. 2003). 
Photoperiodicity also plays a dominant role determining the onset 
of larval behavioral diapause (Oliver 1989, Cabrera and Labruna 
2009).

The Haller’s organ is a triple function sensillum (chemo-
mechanoreceptor) used to detect heat, humidity, and odors (Nuttall 

et al. 1908, Lees 1948, Wilkinson 1953, Chu-Wang and Axtell 1973, 
Waladde 1976, Rechav et al. 1977). The organ is located on the dorsal 
side of the tarsus of each foreleg with a number of hairs positioned in 
the anterior pit and posterior capsule (Fig. 2A–D; Wilkinson 1953). 
These hairs act as the chemo-mechanoreceptors to environmental 
cues (Lees 1948), and at least in adults can detect infrared radiation 
(Mitchell et al. 2017). If the Haller’s organ is removed, the tick is not 
responsive to potential hosts (Morales 2019). The Haller’s organ de-
tects host associated odors such as CO2 and ammonia (Sonenshine 
and Roe 1991). The palpal organ houses chemoreceptors assumed 
to be associated with feeding stimuli during and after attaching to a 
host (Lees 1948, Wilkinson 1953).

Numerous sensilla comprise the integumentary sensory system of 
ixodid ticks. These vary in number and receptor type based on stage 
of life cycle and species. Along with the common sensory setae (sen-
silla trichoidea), Schulze (1942) first described four additional sen-
sory organs in adult ticks: sensilla auriformia (ear-shaped), sensilla 
sagittiformia (arrow-shaped), sensilla hastiformia (spear-shaped), 
and sensilla laterniformia (lantern-shaped). Larvae have three of 
these, lacking the sensilla laterniformia, in the genera Rhipicephalus 
and Hyalomma (Dinnik and Zumpt 1949). The sensilla auriformia 
are proprioreceptive in nature detecting deformational changes in 
the cuticle (Schulze 1942). It is believed that the other three organs 
act as krobylophores (vibro-chemoreceptive organs) that react to 
chemical and seismic stimulation (Schulze 1942, Dinnik and Zumpt 
1949, Wilkinson 1953). In addition, the sensilla sagittiformia in 
adult ticks secrete squalene, which protects some ticks from high-
temperature stress, while in others, it deters ant predators (Yoder 
et al. 2009).

Humidity

Humidity is one of the most influential factors affecting questing ac-
tivity and tick survival (Daniel and Dubabek 1994). Larval ticks tend 
to lose moisture rapidly through evaporation due to a high surface 
area to volume ratio (Randolph and Storey 1999). Larvae typically 

Fig. 1. Ixodid one-host tick life cycle. The eight stages shown in boxes. Questing and host attachment occurs during larval development. If successful, the tick 
will remain on the host, continue to mature to an adult, mate and detach for oviposition. Under ideal conditions, one-host species can compete their life cycle 
and reproduce in 4–8 wk.
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restrict questing to optimal relative humidity (RH) conditions close 
to saturation, below which larvae begin to dehydrate (Lees 1946, 
Yoder et  al. 2006). When ambient conditions are desiccating the 
duration of larval questing is limited to shorter time periods, and 
if too dry, larvae may not quest at all (Randolph and Storey 1999, 
Ogden and Lindsay 2016). Larvae respond to low relative humidity 
levels using avoidance behaviors like moving to the ground surface, 
burrowing into the soil, hiding under rocks or into hollow stems, 
questing at night, or clustering when questing (Fig.  3A–D; Lees 
1946, Camin and Drenner 1978, Hadley 1994, Boivin et al. 2006, 
Knap et al. 2009).

At higher humidity levels, larvae exhibit greater questing activity 
and have higher survival rates (Knülle and Devine 1972, Tukahirwa 
1976, Davey et al. 1991). In general, survivorship is threatened by 
an RH under 65%, although it varies with species and temperature. 
For example, R. australis larvae quest at ≥66% RH, surviving at an 
RH as high as 95% RH (Wilkinson 1953, Roberts 1971). Larvae 
of the Bont tick, Amblyomma hebraeum (Koch), experienced mor-
tality from loss of water at RH ˂70% RH (Londt and Whitehead 
1972). Similarly, the threshold for survival in multiple species of 
Rhipicephalus larvae was reported at 66% RH (Tukahirwa 1976, 
Davey et  al. 1991). The crucial factors in off-host survival under 
desiccating conditions are larva’s ability to balance moisture loss 
with moisture gain from the air (Garris and Popham 1990, Yoder 
et al. 2006). Larvae drink water from dew and absorb water from 
vapor when the air is at or near saturation (Lees 1946, Knülle 1966, 
Yoder and Spielman 1992, Benoit et al. 2007). Water vapor absorbed 
through the cuticle is the primary source of hydration for questing 
larvae (Lees 1946, Yoder et al. 2006). The moisture level is optimal 
at ≥80–85% RH, also known as the critical equilibrium humidity 
(CEH). At this level or above, larvae can absorb water vapor from 

the air (Lees 1946, Knülle 1966, Roberts 1971, Knülle and Devine 
1972, Needham and Teel 1991, Yoder et al. 2006). Temperature can 
exacerbate the effects of low RH and these two factors are not in-
dependent when it comes to larval survivorship. High saturation 
deficits (SD) can prevent larvae from rehydrating (Boivin et  al. 
2006). Larvae that occupy semiarid environments are more resistant 
to desiccation and, if engorged, have the ability to molt over a range 
of SDs (Short and Norval 1981, Mooring et al. 1994). Rhipicephalus 
sanguineus (Latreille) larvae are tolerant to high temperatures and 
dry air, being able to molt over a range from 18 to 38°C with SDs up 
to 35 mm Hg. In contrast, Ixodes holocyclus (Neumann) larvae can 
molt at 18–28°C but experienced high mortality rates at ≥4 mm Hg 
SD with 100% mortality at 6–8 mm Hg SD (Heath 1981). At 10 mm 
Hg SD Haemaphysalis longicornis (Neumann) larvae had a mortality 
rate of 100%. Amblyomma triguttatum (Koch) larvae had shortened 
longevity when exposed to saturation deficits of 16–17 mm Hg at 
temperatures of 40°C (Norval 1977, Guglielmone 1992).

Some studies suggest that moisture stress can influence pheno-
type at subsequent stages of the life cycle. Yoder et al., (2006) re-
ported that R.  sanguineus larvae from mothers exposed to high 
humidities are much less tolerant of low humidities than larvae from 
mothers exposed to humidity stress (RH < 85%). This was traced 
to the ability to absorb moisture from saturated air. Larvae from 
females exposed to humidity stress were capable of absorbing mois-
ture at 75–85% RH and have a mean longevity of 76 d. Larvae from 
females exposed to high humidity were only able to absorb moisture 
from air at 93–97% RH, thus shifting the CEH higher. The latter 
larvae had a mean longevity of only 13 d when kept below the CEH. 
The authors attributed this result to an alteration in the ability of 
larvae to absorb moisture from saturated air. Similarly, experiments 
with R.  australis found that larval ticks from humidity stressed 

Fig. 2. Representative Scanning Electron Microscope images of larvae of Rhipicephalus microplus identifying several different sensory organs taken by Brenda 
Leal and Alejandra Fuentes using a Hitachi TM4000 Scanning Electron Microscope. (A) ventral view; (B) dorsal view: papal organs( PO), Haller’s organ (HO), wax 
glands (WG), coxa (CX), anus (AN), scutum (SC), cervical groove (CG), alloscutum (AS), capitulum (CP), eyes (EY), pretarsus (PT), and tarsus (TS); and (C and D) 
Close up of the Haller’s organ taken by Dr. Donald B. Thomas using a Keyence VHX-7000 digital microscope.
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(higher SD) eggs had lower survivorship compared with controls. 
Larvae hatched from eggs that were incubated at 1 mm Hg suffered 
negligible mortality, whereas the percent survival of larvae decreased 
with increasing saturation deficit (5 and 20 mm Hg) (Sutherst and 
Bourne 2006).

Temperature

Off-host larval ticks can survive in a range of temperatures and 
handle moderate fluctuations through behavioral and phenotypic 
plasticity. One such adaptation is through physiological tolerance 
by production of heat shock proteins, protecting cellular functions 
during temperature stress (Busby et al. 2012). Larval ticks also em-
ploy avoidance strategies by modulating questing behavior, such as 
by adjusting questing height or moving to shade (Wilkinson 1953, 
Wilkinson and Wilson 1959, Davey 1986, McPherson et al. 2000). 
Exposure to temperature ranges of 40–45°C causes all terrestrial 
arthropods, including ticks, to lose their capacity to retain mois-
ture (Londt and Whitehead 1972). At those temperatures, the lipid 
layer of the waxy cuticle depolarizes, rapidly increasing water loss, 
resulting in larval dehydration and the likelihood of death (Edney 
1977). Like other off-host scenarios, in nonideal temperatures, larval 
survival is balanced between questing strategies that conserve/obtain 
water and those that promote attaching to a host.

Temperature tolerance varies among species and is influenced by 
evolutionary adaptation to the tick’s environment. For tick larvae, in 
general, longevity, questing activity, and survival are curtailed when 
ambient temperatures exceed 38°C (Sweatman 1967, Tukahirwa 
1976). The larvae of R.  appendiculatus are among the most heat 
tolerant surviving in ambient temperatures of ≥40°C even with low 
relative humidity (Tukahirwa 1976). At the other end of the spectrum 
Haemaphysalis flava (Neumann), an Asian tick found in cool moun-
tain bamboo forests were absent in grasslands when temperatures 

exceeded 30°C (Kakuda et  al. 1990). Gothe (1967) found that 
Margaropus winthemi (Karsch) larvae can withstand 24 h exposure 
to −15°C, whereas, Rhipicephalus decoloratus (Koch) can only with-
stand 24 h exposure to −10°C. Larvae of R. microplus die if exposed 
to −10°C for 24 h but can withstand freezing transition temperatures 
(0°C) for up to 72 h. The larvae of Ixodes scapularis (Say) are more 
resistant to low temperatures than nymphs, with 50% of the mor-
tality (LT50) occurring at 12.3°C compared with the nymph which 
has LT50 at 18.5°C (2-h exposure) (Vandyk et al. 1996). In a study 
by Heath (1981), I. holocyclus and Ha. longicornis larvae were un-
able to survive temperatures of >28°C. Winter tick, Dermacentor 
albipictus (Packard), larvae have been shown to tolerate short-term 
cold shock down to −25°C (Holmes et al. 2018). Because of its tol-
erance of low temperatures, this species occurs as far north as 60° 
latitude, the equivalent of the 1,500 degree-days above 6°C isocline. 
Overall, the greatest tolerance to cold is found in the Antarctic tick, 
Ixodes uriae (White), a parasite of penguins and other polar sea-
birds. In laboratory studies, larvae survived −20°C and the egg stage 
survived −30°C when temperatures were lowered by 1°C/min (Lee 
and Baust 1987). Larvae were even observed to survive 208 d when 
submerged in water of freezing temperatures (0–7°C; Murray and 
Vestjens 1967).

Temporal variations in regional weather provide a more robust 
evaluation of impact on larval questing and survival. Optimal tem-
perature range and duration at which the larvae are exposed to this 
range results in larger numbers of larvae (ELghali and Hassan 2010). 
The optimal range for survival in Hyalomma dromedarii (Koch) 
larvae was shown to be 21–34°C (Hagras and Khalil 1988). Under 
laboratory conditions, larvae survived up to 63 d at 35°C but only 
survived 5.5 d when the temperature was increased to 38°C (ELghali 
and Hassan 2010). For R. australis off-host stages (eggs and larvae), 
the optimal range for development is 28°C with thresholds of 
12–40°C (Sutherst and Maywald 1985). Furthermore, temperature 

Fig. 3. Representative images of common questing and avoidance behavior in larvae of (A) Rhipicephalus (Boophilus) annulatus larvae taking refuge from 
the sun under a grass blade; (B) Rhipicephalus (Boophilus) annulatus larvae emerging in response to the approach of a host from a dry stem to form questing 
cluster; (C) Rhipicephalus (Boophilus) microplus larvae forming a questing cluster; and (D) larvae of Rhipicephalus (Boophilus) annulatus forming linked chain 
around a grass blade. Photos taken by Dr. Donald B. Thomas using a Cannon EOS Rebel T5i camera with EFS 18 × 15 mm Macro Lens.
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lows were shown to have a greater impact on stimulating questing 
activity in this species than temperature highs (Sutherst et al. 1978). 
The commencement of questing activity for I. ricinus was shown to 
begin at 3°C (Walker 2001), whereas in D. albipictus larvae, active 
questing was shown to begin only at temperatures higher than 10°C 
(Drew and Samuel 1985).

Temperature is a key factor in Climex models predicting the po-
tential range of invasive tick species (Estrada-Peña 2001, Sutherst 
and Bourne 2009). For tropical species especially, tick distributions 
are constrained mainly by low temperatures (Estrada-Peña et al. 
2004). In arid desert areas, high temperatures are the limiting factor. 
As an example, Aponomma hydrosauri (Denny) larvae have adapted 
to thrive in cooler conditions on the margins of the Australian 
outback (Chilton and Bull 1993). Survival of the off-host larvae 
decreased as temperature increased and was greater at cool temper-
atures than for A. limbatum, a warmer climate species that shares 
the same host (139 vs 21 d at 4°C and 80% RH). These two species 
of reptile ticks are displaced by different habitat tolerances. At 30°C, 
A. limbatum survived 65 versus 46 d for A. hydrosauri.

Temperature plays a significant role in ticks’ life cycle, thus 
determining the number of larvae and generation times (Branagan 
1973; Davey et al. 1980, 1982; Ouhelli et al. 1982; Chilton and Bull 
1994). Depending on the temperature tolerance and optimal temper-
atures favored by the species of tick, temperature can either lengthen 
or shorten certain life cycle stages or the entire life cycle itself. 
Sutherst and Bourne (2006) observed that R. australis larvae derived 
from eggs held at 35°C had half the life expectancy compared with 
those from eggs developed at 30°C. Similarly, R. microplus had the 
longest survival when larvae hatched from eggs incubated at 20°C 
(Davey et  al. 1991). In this species, temperature affected duration 
of embryonic incubation and larval hardening (Sutherst et al. 1978, 
Ogden et  al. 2004). For example, Davey (1986) reported that for 
Rhipicephalus (Boophilus) annulatus (Say), the incubation period is 
52 d at 20°C, but only 16 d at 35°C. Likewise, for Amblyomma 
limbatum (Neumann) incubation lasts 51 d at 23°C; but 19 d at 
34°C (Chilton and Bull 1994). In contrast, I. scapularis larvae did 
not hatch from eggs held at 32°C (Ogden et al. 2004).

For ixodid ticks, exposure to extreme temperatures can be the 
determining factor for the activation and termination of diapause 
(delayed development; Chilton and Bull 1994, Randolph et al. 2002, 
Ogden et al. 2004). Diapause aids in the survival of larvae during 
periods of nonconductive temperatures by lowering their meta-
bolic rate and reducing energy sapping activities, such as questing 
(Belozerov 1982, Gray et al. 2016). When conditions turn favorable, 
larvae can behaviorally exit diapause (Gray et al. 2016). Behavioral 
diapause is manifested in Amblyomma cajennense (Fabricius) larvae 
remaining quiescent on the ground under canopied vegetation 
during temperature stress. These larvae remained at soil level under 
the vegetation for 7–10 wk in diapause induced by high temperat-
ures (≈25°C) and long day length (>12  h) (Cabrera and Labruna 
2009). At high temperatures, H. dromedarii larvae can shift from a 
three-host tick to two-host life cycle to avoid desiccation of the host 
(Delpy and Gouchey 1937, Hoogstraal 1956). Once ixodid larvae 
hatch from the eggs, their primary instinct is to move to avoid micro-
climate stress (Davey 1986). Wilkinson (1953) noted that R.  aus-
tralis larvae on grass blades would move from more to less exposed 
situations over the course of the day. In an experiment by Wilkinson 
and Wilson (1959), it was observed that larvae move to the shaded 
side of stems by midday. Adjusting questing height is another way 
for ticks to avoid temperature stress. McPherson et al. (2000) found 
that height of questing clusters of the winter tick was negatively cor-
related with ambient temperature.

Climate change and temperature range have epidemiological im-
plications. In the northern hemisphere, Ogden et al. (2006) predicts 
that due to climate change, the degree-day >0°C line will move north 
by 300–500 km over the next 20–50 yr. If so, this will allow ticks 
and their tick-borne diseases, such as I. scapularis and Lyme disease, 
to extend much further north than at present. Within the tempera-
ture range of 12–30°C, I. scapularis larvae were able to develop in a 
time span of 2–3 wk (Ogden et al. 2004). Similarly, Jones and Kitron 
(2000) found a positive correlation between accumulated degree-
days and larval populations of that species.

Precipitation

The influence of precipitation on larval questing and survivor-
ship is predominantly indirect and dependent on the distribution 
and amount of rainfall. An increase in precipitation can provide 
optimal humidity, milder temperatures, lower saturation deficits, 
and an increase in vegetation, all promoting larval survivorship 
(Kaiser et al. 1988, Garcia et al. 2011, Medlin et al. 2015). Periods 
of heavy precipitation in late spring/early summer contributes to 
higher levels of eclosion, larval questing, and survival while re-
ducing diapause in Ixodes spp. (Knülle and Rudolph 1982, Eisen 
et al. 2016). In sandy grassland habitats, R. appendiculatus and 
A. hebraeum larvae were observed to be more abundant during 
the wet season (Mooring et al. 1994). Increased larval questing 
in A. cajennense coincided with low temperatures at the end of 
the rainy season (Labruna et al. 2002). Off-host populations of 
R.  microplus larvae survive longer during periods of increased 
rainfall but during low precipitation and high temperatures lon-
gevity is negatively affected (Garris et al. 1990). In most of these 
cases, it is likely that rain altered the amount of water vapor 
thereby affecting questing larval hydration (Lees 1946, Yoder 
et  al. 2006). However, larvae may not survive when conditions 
are excessively wet with decreased reproductive success from 
drowning and/or breakup of egg masses by heavy rain (Davey 
et al. 1991, Mooring et al. 1994, Leal et al. 2018).

Precipitation is a significant indirect factor related to the occur-
rence of certain tick-borne diseases, as it correlates with tick abun-
dance and influences phenology of host-seeking behavior, which, 
in turn, increases the occurrence of tick-borne diseases such as 
Borreliosis (Daniels et al. 1996, Gage et al. 2008). There is a higher 
incidence of Lyme disease following seasons of heavy rainfall than 
in dry, hot seasons (McCabe and Bunnell 2004, Burtis et al. 2016). 

In the mid-western United States, greater seasonal rainfall leads 
to higher oak masting. In turn, more acorns lead to higher num-
bers of deer and rodent which are ideal tick hosts. The white footed 
mouse population escalated after acorn production and this directly 
resulted in large numbers of I. scapularis larvae (Lindsay et al. 1999, 
Jones and Kitron 2000). These studies documented that higher rain-
fall led to a larger host density thence to successful larval survivor-
ship and more host infestations, in turn raising the probability of 
transmitting diseases such as Lyme disease, Rocky Mountain spotted 
fever, and Human Granulocyctic Anaplasmosis (Jones and Kitron 
2000, Gage et al. 2008, Andersen and Davis 2017).

Clustering

Larval clustering accomplishes two functions that benefit larval sur-
vival (Fig.  3A-D). Firstly, reduces moisture loss; secondly, it is an 
important strategy to maximize host attachment. As described in 
previous sections, larvae are prone to desiccation when exposed to 
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high saturation deficits. To reduce this water loss, questing larvae 
will form tight clusters to conserve moisture. Lees (1947) labeled this 
clustering behavior as ‘stereokinesis’ in his studies of I. ricinus larvae 
(Lees 1947). Clusters of R. microplus have been observed to contain 
70–261 larvae (Wilkinson 1953, Utech et al. 1983). Clustering has 
been shown to significantly increase survivorship of the individuals 
in the aggregate compared with single larva (Garris and Popham 
1990, Tsunoda 2008). Larvae of Ha. longicornis and H. dromedarii 
had higher clustering activity under drier conditions as compared 
with wet conditions and even small aggregations of Ha. longicornis 
had significantly increased longevity over single larvae from 90 to 
150 d (Hafez et al. 1970, Tsunoda 2008). In another study, Yoder 
and Knapp (1999) observed that larvae of the American dog tick, 
Dermacentor variabilis (Say), could retain water more effectively 
when in groups of 10–20 individuals compared with a single isolated 
larva. When clustered together, I. uriae larvae had the rate of water 
loss drop by 30% compared with the rate of water loss by isolated 
individuals. Larvae of I. uriae demonstrated a 10–15% reduction in 
moisture loss in clusters of ≈5 compared with single isolated larvae, 
while in clusters of ≈10 water loss was suppressed by 65% (Benoit 
et al. 2007).

Another advantage that accrues from larval clustering is that ag-
gregates of larvae in grasping each other are conveyed on to the 
passing host at the same time. Numerous studies provide evidence 
that clustering increases the number of larvae that successfully at-
tach to a host, thus increasing survivorship (Dunn 1918, (Sutherst 
et  al. 1978, Sutherst and Maywald 1985, Oliver 1989), with en-
hanced mating and reproductive success (Lees 1947, Drew and 
Samuel 1985, Ogden et al. 2000).

Seasonality

Annual fluctuations in weather within a given region drive rates 
of developmental maturation creating seasonal periods of questing 
or quiescence. Seasonality results from multiple over-lapping but 
largely predictable, variables within the environment to which ticks 
adapt their phenology.

In the Köppen classification system (Köppen 1936), regions are 
categorized into one of four different climates: polar, arid, temperate, 
and tropical. The polar and arid regions have little seasonality 
and few ticks. The winter tick, D. albipictus, one of the most cold 
adopted, does not occur north of the arctic circle and polar bears are 
not known to have ticks (Hueffer et al. 2011). The south polar ticks 
are ectoparasites of pelagic birds including penguins. The feeding 
period for such ticks is restricted to the brief time when the birds are 
on the nesting grounds. The life cycle of I. uriae can last 2–7 yr de-
pending on host availability; the typical life cycle is 3–4 yr. The ticks 
are adapted to survive off-host until the following or succeeding year 
if a nest is not re-occupied. The attachment/feeding phase lasts only 
about 6–12 d. Once engorged, larvae still require 73–105 d before 
they molt into nymphs. Following molting, the I. uriae nymphs are 
quiescent until the following feeding season (Murray and Vestjens 
1967, Eveleigh and Threlfall 1975, Frenot et al. 2001). The general 
pattern in development is for the eggs to be laid in summer in the 
first year: larvae hatch in autumn or the following spring: larvae feed 
and molt in the second year: nymphs feed and molt the third year: 
and adults feed and reproduce in the fourth year.

An example of species adapted to the arid zone are the camel 
ticks. In the harshest of Saharan desert habitats, H. dromedarii can 
survive by curtailing the life cycle. Under stress, it can molt on the 
camel host becoming essentially a two-host or even a one-host tick 

(Fard et  al. 2012). This species is especially pliant regarding host 
range (Van Straten and Jongejan 1993). They spend the dry hot 
summer on the host camel as adults (May to September) (Gharbi 
et al. 2013) with the peak of nymphal infestation on the camel in 
January (Van Straten and Jongejan 1993). There is virtually no in-
formation on questing by the larvae, but by default it must be in 
the early winter months, which is also the only time that rain falls. 
Another desert adapted tick is A. hydrosauri, which specializes on 
the sleepy lizard in the outback of Australia. The sleepy lizard is 
so-called because it is dormant most of the year, restricting its ac-
tivity to the mild spring months (August–September). Because de-
velopment is accelerated by the high temperatures, the tick has two 
generations a year. The larvae quest in the spring (mainly in leaf litter 
under bushes where the lizards rest) and in the fall, mainly in the 
burrows where the lizards hide (Bull and Sharrad 1980).

Seasonality in temperate regions is characterized by cold win-
ters and warm summers, whereas tropical regions are character-
ized by the dry and rainy seasons. In general, larvae of temperate 
zone ticks pass the winter feeding on the host or in diapause off of 
the host (Wilson and Spielman 1985, Randolph 1997). In northern 
Canada, larvae of D. albipictus (the winter tick) have been shown 
to quest in early September through late autumn (Kutz et al. 2009). 
In the winter, this one-host tick spends all three (larval, nymph, and 
adult) developmental stages on the host. In the northern United 
States, the off-host larvae enter diapause in the spring and remain 
quiescent until autumn when questing activity peaks. Diapause is 
terminated by shortening photoperiods, induced by the hormone ec-
dysone (Wright 1969, Drew and Samuel 1985). Questing is highly 
seasonal for D. variabilis larvae in the northern part of its range. In 
Canada, larval population numbers peak during the spring (Garvie 
et al. 1978). The questing larvae of the Lone Star tick, Amblyomma 
americanum (L.), in the central United States are present in late 
summer (Semtner and Hair 1973, Kollars et al. 2000). High temper-
atures and low relative humidity extend the larval hardening period 
for this species from 10 to 29 d (Semtner and Hair 1973).

 For ticks in tropical zones, seasonality is driven largely by avoid-
ance of the dry season. In São Paulo, Brazil, A.  cajennense larvae 
enter behavioral diapause in springe, marked by long days (photo-
periods > 12 h) lasting until the end of summer (October–March). 
Diapause terminates during autumn (April–May), synchronizing 
the life cycle with the rainy season (Cabrera and Labruna 2009). In 
equatorial Africa, there are three seasons: the rainy season, a cool dry 
season, and a hot dry season. In Zimbabwe, larvae of the bont tick, 
A. hebraeum are only active during the rainy season (Mooring et al. 
1994). In contrast, blue tick, R. decoloratus larvae have been shown 
to quest during both dry and wet seasons but are more abundant in 
dry years (Walker et  al. 2003). The neotropical tick, Amblyomma 
inornatum (Banks), has a 1-yr life cycle. In the northern part of its 
range in south Texas, it has a very distinct seasonality. The questing 
larvae are found only in the fall, from August to November (Medlin 
et al. 2015). In this same region, populations of R. microplus, quest 
and increase activity in late spring and early summer, referred to 
as the ‘spring rise’ (Davey et al. 1994, Leal et al. 2018). Similarly, 
Zamora et al. (2020) showed an increase in larval questing activity 
by the cattle fever tick, R. annulatus, in spring in south Texas.

The vast majority of Ixodes species have a 1- to 2-yr life cycle 
(Semtner and Hair 1973, Daniels et al. 1996, Randolph et al. 2002). 
With a 2-yr life cycle, the peak season for the larval questing ac-
tivity of I. scapularis in northeastern North America and I. ricinus in 
Europe is in mid-summer of the first year. The 2-yr life cycle is tem-
perature driven, and thus, their life cycle can last up to 6 yr in nor-
thern latitudes (Schulz et al. 2013, Jore et al. 2014, Burtis et al. 2016, 
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Eisen et al. 2016). In Scotland, United Kingdom, I. ricinus larvae are 
most active during spring and early summer, times of high tempera-
ture and low humidity (Walker 2001). At the other extreme, toward 
the southern end of the range during warmer years, Ixodes ticks can 
complete one generation and begin a second generation later in the 
same year. In that case, larvae hatching in the fall enter diapause 
and overwinter as unfed larvae (Daniels et al. 1996, Randolph et al. 
2002). In contrast, Ixodes pacificus (Cooley) larvae emerge from the 
eggs in mid to late summer, enter diapause through winter, then com-
mence questing in spring (Padgett and Lane 2001).

Habitat Associations

Ticks are adapted to the environment of their hosts, which limits 
the types of habitat that a given tick species can successfully exploit 
(Walker et al. 2003). The time and place of detachment from the 
host by the replete female determines the habitat where eggs are 
laid and consequently where the larvae quest, typically ascending 
the plant nearest to the emergence site. Notably, some plants act 
as repellents and are thus avoided by larvae (Malonza et al. 1992) 
or have sticky trichomes, which trap the tick larvae (Fernandez-
Ruvalcaba et  al. 1999). Anti-tick grasses (Thompson et  al. 1978, 
Wilson et al. 1989) and certain pasture legumes, produce a sticky 
secretion that can trap ascending larvae before they reach the tip of 
the stem (Sutherst et al. 1988).

Sutherst et  al. (1986) found that lateral movement (movement 
away from the emergence site) by R. australis larvae was negligible. 
In another study, R. microplus larvae were shown to quest within 
2 m of the oviposition site (Wilkinson 1953, 1957). Rechav (1979) 
measured lateral movement by R. appendiculatus and A. hebraeum 
larvae to be very short, around 80 cm. For R. evertsi, it was slightly 
greater, around 120 cm. Similarly, Daniels and Fish (1990) measured 
only 4% of I.  scapularis moving >3 m from the oviposition site. 
However, Daniels and Fish (1990) also reported finding unfed larvae 
on nonhost mammals, raccoons and possums, suggesting that ‘trans-
port hosts’ may disperse larvae over greater distances. Lewis (1970) 
found that winds can move ticks up to 30 m, but such dispersal 
would break up clusters leading to lower survival.

In theory, engorged ticks will drop most of the time in habitats 
most frequented by their host. For the off-host, engorged female, 
finding a favorable oviposition site translates to increased larval 
numbers (Sutherst et al. 1988). Typically, engorged females crawl 
to a sheltered site, but body weight limits the female from moving 
a significant distance (Hitchcock 1955, Balashov 1973). Basically, 
the habitat they fall into is where they oviposit. If conditions are 
optimal for oviposition, females still face two major threats: des-
iccation and predation (Bull et  al. 1988). Branagan (1978) re-
ported that desiccation of eggs was the ultimate limiting factor 
in determining the distribution of R. appendiculatus with ovipos-
ition failures occurring during maximum vapor saturation deficit. 
Similarly, Teel (1984) found that as saturation deficit increased, 
egg hatch would decrease in R.  microplus and R.  annulatus. 
Unlike adults or immatures, the eggs cannot absorb moisture even 
when humidity exceeds 95% (Yoder et  al. 2015). As hatching 
success can be influenced by temperature and RH, these micro-
habitat conditions determine larval numbers (Sweatman 1967, 
Sonenshine and Tigner 1969, Oliver 1989, Despins 1992, Chilton 
and Bull 1994, Ogden et al. 2004, Sutherst and Bourne 2006). In 
many species, including I. scapularis and R. sanguineus, temperat-
ures below 20°C lengthen the duration of oviposition (Sweatman 
1967, Ogden et al. 2004). Conversely, temperatures above 30°C 
shortens the duration of the oviposition period and/or reduce total 

egg production in H. leporispalustris (Campbell and Glines 1979). 
In the Australian outback, A.  limbatum and A.  hydrosauri eggs 
failed to hatch below 21°C, and for both species, hatching time 
decreased with increasing temperatures (Chilton and Bull 1994). 
Hitchcock (1955) reported that for eggs of R. australis, hatching 
success was best when the temperature ranged between 21 and 
37°C and at humidity levels at ≥70%. For the eggs of Amblyomma 
lepidum (Donitz), optimal temperature and humidity levels for de-
velopment ranged from 27 to 35°C and above 90% RH (Binni 
et al. 2010).

Because of the movements of free-roaming hosts and limited 
movements of off-host females, the resulting questing ticks are 
subjected to a range of habitats which differ in microclimate. 
In Oklahoma, the larvae of A. americanum were shown to have 
lower survivorship in meadows compared to oak-hickory bottom 
lands (Semtner et  al. 1971, Robertson et  al. 1975). Numbers of 
A.  hebraeum larvae were shown to be higher in dense acacia 
grasslands with well-drained soils compared with tree-shaded 
habitats with leaf-litter groundcover (Norval 1977). In Japan, 
Ha. flava larvae were shown to quest in late summer in wood-
lands compared with larvae being absent in grasslands in the 
same region at the same tie. This was attributed to high soil tem-
peratures measured in the grasslands (Kakuda et  al. 1990). In a 
study in Puerto Rico, R. microplus was shown to have maximum 
larval survivorship in wooded and grassy-wooded environments 
(Garris and Popham 1990, Garris et al. 1990). Similarly, larvae of 
Rhipicephalus (Boophilus) spp. survive longer in canopied habi-
tats compared with exposed habitats (Teel et  al. 1997, Corson 
et  al. 2001, Leal et  al. 2018, Zamora et  al. 2020). In open pas-
tures, Wilkinson (1953) observed that R.  australis larvae would 
conceal themselves beneath grass blades, leaf axils, and seed heads 
to protect themselves from the midday sun (Fig.  3). Sonenshine 
and Stout (1968) reported the preference of D.  variabilis larvae 
for grassy, herbaceous vegetation. Similarly, Civitello et al. (2008) 
found this same species near the edge of the forest where environ-
mental conditions were more favorable compared with open fields. 
In Scotland, I. ricinus larvae were found to be most abundant in 
coniferous woodlands (Walker et al. 2001). For I. scaularis, shrubs, 
wooded pastures, and deciduous forests were all favorable habi-
tats as long as they were moist (Carroll and Schmidtmann 1996, 
Lubelczyk et al. 2004). Larvae of the paralysis tick, Ixodes pilosus 
(Koch) were observed to mainly quest in habitats of short vegeta-
tion covered by a canopy of trees (Londt and Whitehead 1972). 
Of course, circumstances can be quite dynamic as climatic factors 
can make a favorable habitat in one season become suboptimal the 
next. For example, in sandy grassland habitats R. appendiculatus 
larvae were shown to be more abundant during years of high rain-
fall compared with low rainfall (Mooring et al. 1994). It is not un-
common for multiple species of ticks to share a habitat. At one site 
in Japan, Tsunoda (2008) found two co-occuring species questing 
on sedges, Ha. longicornis and Haemaphysalis megaspinosa (Sito). 
Normally, they are segregated by season, but when temporally 
overlapping Ha. longicornis shifted their aggregations to lower 
stem tips to avoid the competitor. Nevertheless, mixed clusters of 
both species were also found.

There is evidence that larvae seek the optimal height of vege-
tation corresponding to the height of their host. In the case of 
A. hebraeum, which use birds as larval hosts, larvae will quest at 
˃40 cm height vegetation (Londt and Whitehead 1972). Larvae of 
D. albipictus were reported clustering 50–190 cm above ground, 
about the height of elk, moose, and deer (McPherson et al. 2000). 
Conversely, Ha. leporispalustris larvae only climb to heights of 
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7–19 cm, approximately, the height of rabbits (Camin and Drenner 
1978). The larvae of Amblyomma incisum (Neumann) quest at 
≈40–50  cm height within the vegetation, the larval host is un-
known (Szabó et al. 2006, 2009). Microhabitats used by ticks can 
be host associated. Haemaphyalis silacea (Robinson) larvae are 
found in leaf litter in the dense vegetation zone on the margins of 
rivers; the larvae are generalists on many species of mammals and 
birds (Norval 1977). Engorged females of Haemphysalis spinigera 
(Neumann) the monkey tick, oviposit on the leaf litter on the 
florest floor, hence it is likely the larvae attach to monkeys foraging 
on the forest floor (Sadanandane et al. 2018). By questing for hosts 
in their burrows, nidicolous ticks experience less abiotic stress. 
Larave of I. hexagonus are found in the burrows of their preferred 
hosts, hedgehogs (Pfäffle et al. 2011). In contrast, pine martens that 
do not live in burrows were not suitable hosts for I.  hexagonus 
larvae according to Christian (2012). In the case of A. limbatum, 
the majority of larvae were found in burrows or under bushes, used 
as shelters by their preferred hosts, the Australian sleepy lizard 
(Tiliqua rugosa) (Kerr and Bull 2006). Ixodes vespertilionis (Koch) 
larvae were observed questing on the walls of caverns that sup-
ported large bat populations only during March to June and were 
absent the rest of the year (Hornok et al. 2014). For Ixodes sim-
plex (Neumann), questing activity was consistent year-round when 
parasitizing cave-dwelling bats (Lourenço and Palmeirim 2008). 
In tree-holes or nest boxes of roosting or brooding birds, warmer 
temperatures provide optimal developmental ranges and attach-
ment sites for Ixodes arboricola (Schulze and Schlottke) larvae 
(Heylen et al. 2014). For camel ticks, H. dromedarii, the majority 
of larvae are found in crevices around the watering holes and at-
tach to hosts that are resting at desert caravansaries (Higgins 1984, 
Sonenshine and Roe 1991). Hyalomma anatolicum (Koch) second 
to H.  dromedarii larvae in parasitizing camels, most are com-
monly found in rodent burrows (Higgins 1984). In the Antarctic 
Peninsula, I.  uriae larvae remain at close proximity to penguin 
rookeries by residing under nesting rocks and debris, only leaving 
their shelter to feed (Benoit et al. 2007).

Predators and Natural Enemies of Tick Larvae

During the off-host stage, larvae are vulnerable to predation by nat-
ural enemies that share the same habitat (Holm and Wallace 1989), 
but there is precious little empirical evidence of the impact. Although 
there is potential for biological control, it has not been proven feas-
ible (Knipling 1992). And thus far, all known parasitoids target adults 
or nymphs, not larvae or eggs (Mwangi et al. 1991a). The intensive 
grazing of a pasture by livestock results in some accidental ingestion 
of larval Boophilus cattle ticks (Sutherst et al. 1978), and along with 
trampling, over-stocking can significantly reduce the larval popu-
lation density. In parts of the southern United States, populations 
of Lone Star ticks, A. americanum, have been dramatically reduced 
by the imported fire ants, Solenopsis invicta (Burns and Melancon 
1977). In a study done in Australia, predatory mites, Anysitidae 
(Holm and Wallace 1989) and Trombiculidae (Meyer and Hill 2014), 
showed the ability to prey on the I.  holocyclus and R.  microplus 
larvae. Ants, spiders, and carabid beetles are generalist predators 
that feed on larvae and eggs advantageously (Samish and Alekseev 
2001). Such natural enemies tend to be habitat specific rather than 
prey specific. For example, it is hypothesized that fiddler crabs may 
limit larval tick populations in coastal areas (Showler et al. 2019), 
although predation was not actually observed. Pathogens may also 
be important under high humidity, conditions otherwise conducive 

to survival, as acaropathogenic fungi may cause significant mortality 
to larvae and eggs of ticks (Tuininga et al. 2009).

Summary Statement

1. Questing behavior and phenology adapt larval ticks to specific 
hosts and habitats.

2. Although ticks have their greatest impact on hosts, ticks spend a 
much greater proportion of their life cycle of off-host.

3. In population dynamic terms, the larvae are crucial as this stage 
experiences the greatest proportion of mortality.

4. A common denominator in larval tick ecology is a vulnerability 
to desiccation.

5. Epidemiologically, the larval stage is critical because in cases of 
transovarial transmission of the etiological agent, it is the larvae 
that vector disease.

Future Issues

The gaps in our knowledge of tick biology is greatest for the off-host 
stages. Very little is known about predation on the off-host stages. 
Longevity and persistence of off-host larvae is known for a very few 
species. Techniques to sample or census ticks off-host are not effi-
cient, especially for the larval stage.
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