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INTRODUCTION 

Ornithodoros concanensis Cooley and Kohls Is an 

argasld tick that parasitizes bats and birds throughout 

the semi-arid western and southwestern United States. 

It has been teOcen In Arizona and Texas from caves 

frequented by bats such as Epteslcus fuscus, Myotis 

velifer. and Tadarida brazillensls (Cooley & Kohls 19^1, 

Eads et al. 1957, Reddell I965. and Kohls & Ryckman 1962). 

It Infests cliff and cave swallow nests and bat harboring 

crevices proximal to cliff swallow colonies in Montana, 

Texas, and Wyoming (Eads 1956, Jameson 1959, Kohls & 

Ryckman 1962, and Kohls ct al. I965). Larvae of 0. 

concanensis (=0. aquilae. Kohls et al. I965) have been 

collected from the prairie falcon, Falco mexicanus; the 

golden eagle, Aquila chrysaetos; and the western red-

tailed hawk, Buteo jamaicensis calurus in Utah, Wyomir^, 

and Montana (Cooley 1944 and Williams 1947). 

The ability of tick populations to survive in both 

the moist stable environment of caves and the apparently 

xeric, unstable environment of cliff swallow nesting 

sites suggests that 0. concanensis has considerable 

adaptive potential. This paper concerns a study of the 

physiological and behavioral adaptations that enable 



populations of 0. concanensis to survive in a cllfl-face 

environment in association witii cliff swallows. 

The mud nests of the cliff shallow, Petrochelldon 

pyrrhonota, are constructed in northwestern Texas along 

the escarpment of the High Plains (Llano Estacado) 

caprock, on the sandstone cliffs of water courses such 

as the Double Mountain Fork of the Brazos River and on 

the undersides of bridges and overpasses. The birds 

colonize sites where annually dependable supplies of 

water and mud occur. They occupy the nests from late 

April through mid July with the balance of the year spent 

in South America (Eisenmann 1955)* Bats frequently roost 

In vacated nests during the early spring before the 

swallows arrive and after mid-summer when the birds and 

their progeny have left the colonies. Four bat species: 

Epteslcus fuscus, Myotis velifer. Piplstrellus subflavus, 

and Tadarida brazlliensis have b'̂ en collected from swallow 

nests and crevices proximal to swallow colonies in the 

study areas located in Garza and Randall counties in 

northwestern Texas. Cliff swallows may use a particular 

nesting site for several consecutive years and then 

abandon it for an indefinite period. The size of 

ectoparasite populations probably Is important in 

Influencing swallow behavior associated v;ith the 

utilization of a nest site. Bats and, rarely, English 

sparrows (Passer domesticus) may occupy the abandoned 



cliff-face situated swallow nests throughout much of the 

year. A third group of potential hosts are the woodrats 

Neotoma albigula and N. mlcropus that nest among the 

debris at cliff base, often directly beneath the swallow 

colonies. 

Vast populations of the swallow bug, Oeciacus 

vlcarius. and the argasld ticks, Argas cooleyi and 0. 

concanensis are the major groups of hematophagus 

arthropods observed in swallow colonies. Two species of 

ixodid ticks, Ixodes baergi and Î. howelli are occasionally 

present in cliff swallow colonies. Populations of various 

mites and fleas also ectoparasltlze the birds and bats. 

The climate of the general study area in northwestern 

Texas is semi-arid with a mean annual rainfall of 46 cm 

(U.S. Dept. of Commerce 1971). September is the most 

humid month with a mean dally r̂ îu-e of 44 to 80^ relative 

humidity (R.H.) at mean minimum \i:.d maximum daily 

temperatures of 15 and 29 C, respective]y. In April the 

humidity decreases to a daily range of 33 to 56^ with 

mean minimum and maximum temperatures of 7 and 23 C, 

respectively. January is the coldest month with normal 

dally minimum and maximum temperatures of -4 C and +12 C. 

The normal daily temperature range for the warmest month, 

July, is 19 to 34 C. 

Two of the environmental factors possibly limiting 

the survival and distribution of tick populations are 



relative humidity and temperature. Several authors have 

demonstrated that tick survival can be attributed to 

desiccation resistance. MacLeod (1935) studied the 

climatic factors governing the survival and activity of 

Ixodes rlcinus. He found that the inability to restrict 

water loss at low eind intermediate humidities was a major 

cause of the restriction of this species to areas with 

moist soil cover. Cunllffe (1921, 1922) suggested that 

the distribution of Ornithodoros moubata and 0. savignyi 

in dry climates was a result of their ability to resist 

desiccation. Lees (1946, 1947, 1948a) described the 

water balance mechanism in Ixodes riclnus and several 

other species of ticks by measuring their respective 

abilities to resist desiccation and to absorb vfater from 

surrounding atmospheres. He demonstrated that a correlation 

existed between the ability to resist water loss, the 

critical cuticle temperature, and the xeric nature of the 

habitat. Walton (I96O) measured the water loss of 

geographic variants of 0. moubata at various humidities and 

demonstrated that populations varied in their respective 

abilities to resist water loss. Resistance was shown to 

be greatest in populations from arid environments. 

Other investigators have sought to determine the 

effects of temperature and relative humidity on the 

depletion of food reserves in fasting hematophagus 



arthropods. A temperature coefficient (Qio) of 1.9 was 

observed by Sweatman <&• Koussa (I968) in engorged female 

Rhlpicephalus sanguineus over the range of 15 to 35 C. 

Tatchell (1964) studied digestion in Argas persicus, 

and recorded a Qio of approximately two between 28 and 

37 C. The investigation of Sweatman & Koussa (1968) 

Indicated that the metabolism of female R. sanguineus 

tended to Increase slightly with an Increase in the 

saturation deficit, but the differences In O2 consumption 

at the various relative humidities were not statistically 

significant. Mellanby (1932a) and Kanungo (I965) failed 

to detect differential metabolism, respectively, in 

groups of mites, Echlnolaelaps echidninus and bed-bugs, 

Cimex lectularlus maintained at different relative 

humidities. 

Investigations have also been conducted on the 

behavioral responses of ticks to temperature and relative 

humidity. Lees (1948b) and El-Zlady (1958) observed that 

the responses of I_. riclnus and 0. erratlcus in temperature 

and relative humidity preference experiments were raodlfied 

by the water content of the specimens. 

Populations of 0_. concanensis are not randomly 

distributed in the cliff-sv.-allo': colcnles, but occur in 

the narrow fissures and crevices that Interrupt the 

caliche and sandstone cliffs. These sites serve as 

harborages that offer protection from the variable xeric 



climate. Data collected at the study sites In Garza 

and Randall counties in northwestern Texas during 1970-71 

Indicated observed annual ambient temperature extremes 

of 3 and 38 C. The relative humidity ranged from 5 to 

88^. A maximum cliff-face surface temperature of 53 C 

was recorded during August. Several crevices similar to 

those providing shelter for the ticks were altered to 

receive electronic thermo-hygrosensors. The probes were 

sealed within the openings with plastlcene to insure the 

integrity of the crevice microclimate. An annual crevice 

temperature range of 8 to 31 C was observed. The 

relative humidity within the crevices ranged from 42 to 

95^. 

The preceding climatological observations indicate 

that a portion of the populations of fasting 0. 

concanensis, including those ticks in the protective 

seclusion sites, are probably exposed Intermittently to 

a wide range of temperature and relative humidity. These 

climatic parameters have been shown by previous 

investigators to have a direct Influence on the tolerances, 

water balance, rates of metabolite depletion, and behavior 

of fasting ticks. The follovfing investigation was 

undertaken to determine the physiological and behavioral 

adaptations that enable 0. concanensis to survive the 

climatic extremes associated with its distribution in 

cliff swallow colonies. 



The factors investigated as possibly Influencing 

the survival of 0. concanensis are host range, temperature, 

and relative humidity. The Investigation was undertaken 

In the following manner: 

I. The host range of 0. concanensis within the 

cliff-side community was studied: (A) to 

determine the respective contributions made by 

swallows and bats towards the maintenance of 

tick populations, and (B) to observe the Influence 

of seasonal host availability on the source of 

tick blood meals throughout the year. 

II. The influences of temperature on the survival 

of fasting 0̂. concanensis were measured by 

observing: (A) the temperature tolerance range, 

(B) the metabolism of ticks at various 

temperatures, and (C) tick aggregation in a 

temperature gradient. 

III. The effects of relative humidity on 

(A) water balance, (B) longevity, (C) rates of 

metabolite depletion, and. (D) orientation 

behavior were observed in unfed adult 0. 

concanensis. 



PROCEDURE AND RESULTS 

Host Ranr̂ e 

Information on the host range of 0. concanensis 

was obtained by subjecting field collected blood meals 

to precipitin tests. Antlsera were prepared in rabbits 

against bat^, passerine2, and murlne3 normal sera. 

Interperltoneal injections of equal amounts of serum and 

Freund»s complete adjuvant were used, to sensitize the 

rabbits. The initial injection of 0.5 ml serum and 0.5 

ml adjuvant was followed in 30 days by injections of 

0.5 nil, 1.0 ml, and 1.5 ml serum (mixed with equal voliimes 

of adjuvant) spaced 3 days apart. The rabbits were bled. 

1 week following the final injections. The antiserum v;as 

divided into 1 to 2 ml aliquots and stored at -10 C. T'.rr -

fold antlsera dilutions were made in physiological salin̂ ^ 

(0.85/̂ ) following a procedure modified after Schubert & 

Holdeman (1956) and Tempells & Lofy (I963). The antlsera 

dilutions were tested against homologous and heterologous 

Spooled bat sera from Epteslcus fuscus, Myotis 
velifer, and Tadarida brazlliensis 

2passer domesticus serum 

3laboratory rat serum 

8 



serum antigen dilutions of 1:10 and 1:100 in 0.85^ saline. 

No cross reactivity between heterologous serum antigens 

was observed. The blood meals were prepared by smearing 

freshly collected ticks on filter paper. The smears were 

then stored over CaCl2 in a desiccator. Individual blood 

smears were placed in tubes containing 0.5 nil of 0.85^ 

saline and. left overnight to elute the serum proteins. 

Precipitin tests were run by drawing a portion of the 

blood meal extract into a capillary tube. This was 

immediately followed by an equal amount of antiserum. 

The tubes were maintained at room temperature and read 

after 1 and 2 hours. 

Twenty-nine of 310 blood meal samples from 0. 

concanensis failed to react with the antlsera. The 

so\irces of the identified blood meals (n = 281) Indicate 

that 0_» concanensis feed readily on both bats and cliff 

swallows. The overall percentage composition of the 281 

identified meals was 63^ passerine and 37^ bat positive. 

The blood meal source distribution for ticks collected • 

during May, June, July, and August was 84^ passerine and 

16^ bat positive (n = 198). The distribution for the 

balance of the year was 87^ bat and 13!̂  passerine 

positive (n = 83). 
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Physiological and Behavioral Responses 

to Temperature 

Minimum and Maximum Lethal Temperatures 

The following procedure was employed in the 

determination of the upper and lower temperature 

extremes tolerated by adult 0. concanensis of similar 

age that were reared at 85^ R.H, and 25 C, The 

experimental animals were placed in paired replicates 

numbering 10 adults. Each group of 10 ticks was sealed 

in an Individual glass vial. The upper temperature 

tolerance was determined by suspending paired replicates 

for 1 hour in a proportionally controlled water bath 

heated to 40, 45, 47.5, 50, or 55 C. The lower tolerance 

determinations were made by maintaining specimens at -15 

and -5 C for 12 hours. The ticks were stored at 95^ R.H. 

and 25 C after each test. Dead ticks were defined as 

those failing to exhibit appendage movement upon 

stimulation 12 hours following the termination of exposure 

to a specified temperature. 

The mortality of adult 0. concanensis at the various 

temperatures is seen in TABLE 1. Forty-five percent 

mortality vras recorded for the ticks at +45 C None of 

the ticks exposed at -5 C died, but 100^ mortality occurred 

at -15 C. 
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TABLE 1. - The minimum and maximum lethal temj-eraturer̂  

of 0. concanensis. 

Temperature C 

-15 

- 5 

+40 

+45 

+47.5 

+50 

-^55 

Period of 
Exposure 

12 hr 

It 

1 hr 

It 

It 

tt 

It 

Mortality* 

100^ 

0% 

0% 

^5% 

100^ 

100,̂  

100^ 

*20 ticks/temperature treatment 
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The Effect of Temperature on Metabolism 

The study of tick metabolic rates at various 

temperatures was begun by selecting and weighing adult 

0. concanensis of similar age reared at 85^ R.H. and 

25 C. A Gllson resplrometer was used to measure O2 

consumption at 15, 25, and 35 C t 0.02 C. The 85^ 

flask humidity was controlled with a predetermined 

concentration of the CO2 absorbant, KOH. Four adults 

(29, 2cf) were placed in each of eight resplrometer 

flasks. The individual ticks were confined in close 

fitting nylon sacks and were suspended horizontally on 

a vertical wire placed in the center well of each flask. 

The 02 consumption was recorded at 12 and 24 hours. The 

temperature increases were effected gradually over 6-hour 

Intervals, during which time the ticks remained in the 

submerged flasks. The experiment was replicated using a 

second group of ticks. Oxygen utilization rates were 

corrected to standard temperature and pressure and were 

divided by elapsed time and by the total initial tick 

weight per flask to give a mean rate per milligram per hour 

for 24 hours. 

The 02 consumption rates of adults at 15, 25, and 35 C 

are seen in TABLE 2, The ticks exhibited a Qio of 6.02 

between 15 and 25 C. A Qio of I.6I was observed between 

25 and 35 C. 
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TABLE 2. - Comparison of O2 consumption in 0. concanensis 
at 15, 25, and 35 C. The data are presented as the 
meeui* hourly rates/mg tick weight per day ± the 

steuidard error of the mean. 

Temperature 

Mean O2 Consumption 
for 24 Hrs. 

(A<l/mg tick wt per hr) 
Temperature 
Coefficient 

15 c 

25 c 

35 c 

0.009710.0013 

0.0584+0.0046 

0.0941+0.0037 

QlO = 6.02 

QlO = 1.61 

•Each mean is derived from I6 replicates of 4 ticks each. 



14 

Tick Distribution in a Temperature Gradient 

Desiccated and hydrated adult 0. concanensis were 

tested in a temperature gradient to determine the 

patterns of tick distribution. Hydrated ticks were 

specimens maintained at 96^ R.H. and 25 C for 1 week to 

allow the animals to reabsorb water lost through 

transpiration. Desiccated ticks were those exhibiting 

a 10-15/̂  weight loss after approximately a 2 week 

exposure over CaCl2 at 25 C. A temperature gradient 

apparatus of plexiglass and. aluminum was modified after 

Bull and Mitchell (1972). An observation arena (0.6 x 

1.9 X 117 cm) with a porous polyethylene floor was 

supported over a tray designed to contain saturated salt 

solutions. The arena was sealed within the humidity 

control chamber by a double walled clear plexiglass cover, 

drilled to accommodate 13 equally spaced retractable 

telethermometer probes. The entire device was enveloped 

on the bottom and sides by the al'imlnum channel. One end 

of the gradient was vrarmed by a proportionally controlled 

heating tape. The lower temperatures at the opposite end 

of the gradient were achieved by circulating chilled 

antifreeze through a compartment constructed as an Integral 

part of the aluminum channel. Ticks were introduced into 

the device through orifices located equal distances 

(4l cm) from either end of the cover. The observation 
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arena was divided Into 12 linearly arranged areas, each 

10 X 1.9 cm, spaced between the 13 temperature probes 

which were retracted when ticks were in the chamber. A 

stable gradient reuiging from 14.5 to 35 C was selected 

after preliminary studies demonstrated that ticks were 

trapped at 10-13 C. The effect of relative humidity on 

the responses of hydrated or desiccated ticks in a 

temperature gradient was determined by placing saturated 

slurries of KNO3 or MgCl2»6H20 beneath the observation 

chamber. These solutions enabled humidities of 89.5 to 

95*55̂  and 32.5 to 34^, respectively, to be maintained 

over the temperature range of l4.5 to 35 C. A total of 

20 specimens (10?, lO*?) were inserted, in equal niimbers 

through the introduction orifices. The tick positions 

in 

The experiments 

were run in darkness except for "'.0-15 seconds exposure 

to a diffuse overhead light source during tick counts. 

Preliminary trials in which desiccated and hydrated ticks 

were exposed to uniform dehydrating (32.5^) or hydrating 

{92,5%) humidities were made at 25 C to determine the 

presence of instrumental bias. Exposure of the ticks to 

the temperature gradient at desiccating or hydrating 

humidities then followed. 

A distribution of ticks in the 25 C control tests 

are shown in TABLE 3. A comparlbon between distributions 

through the introduction orifices. The tick position: 

were recorded every 10 minutes for 2 hours, resulting 

a total of 240 tick positions per test. The experimei 
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TABLE 3. - Comparison of the distribution of hydrated 
and desiccated ticks at a uniform 25 C The 

data are presented as total tick 
positions* per 2 hour test. 

Temperature 25 C 

Chamber 
Tick Chamber Areas 

Physiological State R.H. 1-6 7-12 X^ (1 df) 

Desiccated 33 123 117 0.15 (ns) 

Desiccated 93 109 131 2.02 (ns) 

Hydrated 33 119 121 0.02 (ns) 

Hydrated 93 120 120 0.00 (ns) 

•Tick distribution is the total position of 20 specimens 
at the end of twelve 10 minute V-'tervals per 2 hour test 
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In areas 1-6 and areas 7-12 was made for each experiment 

employing one-way Chi-square tests for goodness of fit 

to a 1:1 ratio. The tick distribution in the controls 

was rsuidom. The responses of desiccated and hydrated 

ticks in the temperature gradient at low and high 

humidities are shown in TABLE 4. The gradient was 

arbitrarily divided for statistical analysis into equal 

halves (areas 1-6 and 7-12) corresponding to 14.5 to 

22 C and 22 to 35 C, respectively. The tick distributions 

In the four experiments were subjected to an r x 2 Chi-

square test for independence. The resultant x2 of 70.27 

(3 df) was highly significant (P< 0.01) indicating 

heterogenity among the tests. A comparison between all 

possible combinations of any two experiments was 

undertaken employing a 2 x 2 Chi-square test for 

independence. The comparisons and their respective X^»s 

are included in TABLE 4. The significant X^ values 

Indicate that the distribution in a given experiment was 

heterogenous to the distribution in any other experiment. 

Although the distributions of hydrated and desiccated 

ticks in the temperature gradient at low or high 

humidities are significantly different from one another, 

the following general trend was observed. The majority 

(58-92^) of ticks in each experiment aggregated in the 

area of the gradient corresponding to l4.5 - 22 C. A 

strong avoidance response by all ticks to temperatures 
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TABLE 4. - The distribution of hydrated and desiccated 
0. concanensis in a temperature gradient at fixed 

humidities. The data are presented as total 
tick positionsl per 2 hour test. 

Tick 
Physiological 

State 

Desiccated 

Desiccated 

Hydrated 

Hydrated 

Chamber R.H. (areas 1-6) 

3^-33^ 165 

96 "90% 192 

3^-33^ l4o 

96-90^ 220 

Temperature Range 
14,5 to 22 C 22 to 35 C 

(areas 7-12) 

75 

48 

100 

20 

iTlck distribution is the total position of 20 specimens 
at the end of twelve 10 minute intervals per 2 hour test 

2 x 2 Chi square tests for independence 

Respective Maximum 
Tick Physiological State Chamber R.H.'s 

Desiccated versus hydrated (34 vs 34) 

Desiccated versus hydrated (34 vs 96) 

Desiccated versus hydrated (96 vs 96) 

Desiccated versus hydrated. (96 vs 34) 

Desiccated versus desiccated (34 vs 96) 

Hydrated versus hydrated (34 vs 96) 

5.62* 

39.70** 

13.43** 

26.41** 

7.97** 

71.11** 

*P < 0,05 for 1 df 

**P< 0,01 for 1 df 
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above 2? C was evidenced by the fact that only 14 of 96O 

tick positions were recorded in the three areas 

corresponding to 27 to 35 C, 

Physiological and Behavioral Responses 

to Relative Humidity 

Water Loss and Uptake at Various Relative Humidities 

To study the effects of long term exposure to various 

humidities, hydrated adult 0, concanensis were initially 

weighed and placed in separate groups at 64, 75t 85# and 

965̂  R,H. at 25 C, Weights were recorded periodically 

during the 6 month experiment to detect percentage weight 

changes. 

To determine the range of relative humidities at 

which dehydrated 0, concanensis could absorb water, 

individual adults were preweightd and desiccated to a 

10-15^ weight loss over CaCl2 at 25 C. Groups of 

dehydrated adults were then placed at 51, 64, 75, 85, and 

96ĵ  R.H. at 25 C. Weight changes were recorded during the 

6 day experiment. 

The mean percentage weight losses of hydrated ticks 

at 64, 75, 85, and 965̂  R.H. over a 6 month interval are 

shown in TABLE 5. The increased transpiration rate below 

75^ R.H. is illustrated in FIGURE 1. The weight losses 

at 75, 85, and 96^ R.H. were related inversely to the 
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TABLE 5» - The mean percentage weight losses of hydrated 

adults kept at 64, 75, 85, and 96^ R.H. 

Temperature 25 C 

Relative 

Humidity 2 wks 1 mo 2 mos 3 mos 6 mos 

645̂  (n = 32) 10,47?̂  16.26^ 42,63^ * ** 

75^ (n = 9) 9.02 11.02 13.83 1^.56 18.98 

85^ (n = 9) 5»^6 7.23 9.62 10.63 14.76 

965̂  (n = 9) 3.26 4,20 6,91 6.44 10.73 

•85^ mortality 

••1005^ mortality 
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relative humidity. The rapid dehydration of ticks below 

75% R.H. was reflected in the 85% mortality of specimens 

kept at 64̂ ^ R.H. for 3 months. 

The weight changes exhibited by ticks that were 

desiccated and then exposed to different relative 

humidities are seen in TABLE 6, Dehydrated adults 

maintained at 51 and 64^ R.K. continued to lose weight, 

but those specimens maintained at 75, 85, and 96^ R.H. 

exhibited steady Increases in weight during the 6 day 

test. A comparison of the tick weight changes is found 

In FIGURE 2. 

Critical Cuticle Temperature 

The critical cuticle temperature of 0. concanensis 

was measured in the following manner. The spiracles of 

hydrated adult 0. concanensis were sealed with paint 

after the ticks were killed over ammonium hydroxide. 

The initial weights of the adults were then determined. 

Individual specimens were placed in nylon sacks suspended 

vertically from the lid of a small metal chamber 

containing the desiccant, P2O5. The temperature of the 

specimens was monitored by a mercury thermometer, the 

bulb of which was in close proximity to the suspended 

ticks. The device was submerged, in a proportionally 

controlled water bath. The transpiration rates were 

determined by exposing a group of 10 specimens to an 
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TABLE 6. - The mean percentage weight change in desiccated 

ticks exposed to 51, 64, 75, 85, and 965̂  R.H. 

Temperature 25 C 

Relative Time (days) 

Humidity 1 2 6 

515̂  (n = 20) -1.10^ - 1.51% - 3.98^ 

6k% (n = 10) -0.82 - 0.90 - 3.^0 

75% (n = 30) +1.30 + 2.82 + 4.40 

85^ (n = 10) +3.53 + 9.40 +12.50 

96^ (n = 20) +9.00 +19.71 +21.75 
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Initial temperature for 30 minutes. The ticks were then 

reweighed and placed at the next highest temperature. 

The procedure was repeated until an abrupt increase in 

water loss occurred and continued linearly at subsequently 

higher temperatures. The weight losses were divided by 

the predetermined mean surface area for adult 0. 

concanensis and are presented as mg/cm2 per hour. 

The transpiration rates of dead ticks at various 

temperatures are plotted in FIGURE 3. An abrupt increase 

in water loss is indicated between 50 and 53 C. 

Tick Longevity at Various Relative Humidities 

The tick mortality data contained in TABLE 7 represent 

data pooled from several separate experiments (water loss-

uptake and hemoglobln-lipid determinations) which were 

not originally designed to Inve.^tigate the effect of 

relative humidity on tick longevity. One hundred percent 

mortality was observed in ticks kept at 51 and 64^ R.H. 

after 3 and 6 months, respectively. The longevity of 

90^ of the ticks at 75% R.H. and 70^ of those at 85^ R.H. 

exceeded 17 months; however, tick mortality was 100^ in 

specimens maintained at 96,̂  R.H. after this period. 

Oxygen Consumption at Various Relative Humidities 

Measurement of the O2 consumption of hydrated and 

desiccated adult 0. concanensis at various relative 
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TABLE 7. - The percent mortality of 0, concanennls 

at variou:-. relative humidities. 

Temperature 25 C 

Time 
(Months) 

51'^ 
(n=10) 

R e l a t i v e l i iunid l ty 
6i\.: 75I Q5'o 96% 

(n=68) (n=40) (n^-38) (n=3B) 

30 0 0 0 0 

2 

3 

6 

12 

17 

70 

100 

-

-

-

12 

75 

100 

-

-

5 

5 

5 

5 

10 

0 

0 

10 

17 

30 

0 

5 

5 

15 

100 
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humidities was undertaken by selecting ticks of similar 

postecdyslal age that were reared at 85$̂  R.H. and 25 C. 

Separate groups of ticks were hydrated or desiccated in 

the manner previously described. The Gllson resplrometer 

was again employed to measure O2 consumption at 25 C. 

The specimens were initially weighted and placed in 

individual close fitting nylon sacks. Each resplrometer 

flask contained four adults (2?, 2cf). Three replicates 

of hydrated and desiccated adults were maintained at 50, 

751 85. and 965̂  R.H. The respective flask humidities 

were controlled through the use of pre-selected 

concentrations of the CO2 absorbant, KOH. Oxygen 

consumption was recorded at 12 hour intervals for 6 days. 

The rates were corrected to standard temperature and 

pressure and were divided by elapsed time and by the total 

initial tick weight per flask to give a mean rate per 

milligram per hour for 24 hours. 

In TABLE 8 is contained the mean O2 consumption for 

6 days for hydrated and desiccated ticks at 50, 75% 85, 

and 96^ R.H. Also included Is the mean dally O2 

consumption which represent the pooled rates for all ticks 

per 24 hours. The data were then subjected to a three-way 

analysis of variance v:ith replication. Pretest hydration 

or desiccation, flask humidity, and time were defined, as 

the treatments (TABLE 9). Although the Independent 

treatment effects due to pretest hydration or desiccation 
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TABLE 9* - Three-way analysis of variance with replication, 
The effects of pretest desiccation or hydration, 

humidity, and time on O2 consumption 
are analysed. 

Source df Mean Square x 10"^ 

Between pretest treatment (A) 
(hydrated vs. desiccated) 

30 

Between humidities (B) 

Between days (C) 

117** 

1480** 

Interaction 

A x B 

B X C 

A X C 

A X B X C 

Error 

Total 

3 

15 

5 

15 

96 

143 

60** 

18 

12 

12 

10 

. . 

••P< 0.01 



3^ 

were nonsignificant, the Interaction effect between 

pretest treatment and humidity was significant at the 0.01 

level. The flask humidity euid day treatment effects were 

also significant (P<0.01). As a result of the 

Interaction, the meain O2 consumption rates at 50, 75, 85, 

and 96^ R.H. were compared within the hydrated and 

desiccated pretest groups. The respective data were 

subjected to D\mcan«s new multiple-range test (TAB.T-E 10). 

Differences in the O2 consumption of hydrated ticks at 50, 

75t 85, and 96% R.H. were nonsignificant; however, the 

desiccated specimens consumed significantly more O2 at 75% 

and 85^ R.H. than at 50 and 96^ (P^ 0.01). 

The daily decline in O2 consumption was reinvestigated 

using one tick per flask rather than four. Th?s 

effectively Increased the flask O2 capacity fourfold. The 

test was extended to 9 days. T^e individual tick rates 

and the mean values from the pr •̂ lous multiple tick 

experiments are compared in FIGURE 4. 

In summary, the pooled O2 consumption rate of 

hydrated ticks at 50, 75f 85, and 96^ R.H. was similar to 

the pooled rate of desiccated adults at the same humidities. 

Oxygen consumption within the hydrated group did not vary 

significantly at 50, 75t 85, and 96^ R.H. However, the 

desiccated ticks consumed significantly more O2 at 75 and 

85^ than at 50 and 96^ R.K. The O2 consumption of *̂ 11 ticks 
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TABLE 10. - Duncan's new multiple-range test.* Comparison 
of 02 consumption at 50, 75f 85. and 96^ R.H. within 

hydrated and desiccated tick pretest groups. 
The data are expressed as the mean O2 

consumption for 6 days. 
(pi 02/mg tick wt per hour) 

Hydrated Ticks 

Relative Humidity 965^ 75% 505^ 

Ranked Mean O2 
Consumption 0.0720 0.0748 0.0755 0.08C2 

(differences n.s.) 

Desiccated Ticks 

Relative Humidity 50^ 96^ 855^ 75^ 

Ranked Mean O2 
Consumption 0.0632 0.0672 0.0790 0.0825 

H 

*P< 0.01 
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decreased steadily and gradually during the six day 

experiment. 

Metabolite Utilization at Various Relative Humidities 

The following study was initiated to observe the 

long term effects of exposure to different relative 

humidities on the rate of metabolite depletion in 

fasting g. concanensis. The large number of standardized 

animals required in this experiment necessitated the use 

of nymphal 0. concanensis. Large masses of ticks were 

fed on pigeons and maintained at 85,̂  R.H. and 25 C. Fourth 

instar nymphs were subsequently selected from stock that 

haul molted within 5 to 10 days of one another. The 

specimens were randomly placed into lipid and hemoglobin 

subgroups numbering two and six ticks respectively. Each 

humidity treatment versus time sample contained four 

replicates. The relative humidity treatments involved 

the uninterrupted maintenance of ticks at desiccating 

(64^) and hydrating (96^) humidities at 25 C. A third 

group was repeatedly desiccated at Ot R.H. and rehydrated 

at &5% R.H. Prior water loss and uptake experiments 

demonstrated that ticks exhibit a 10-15^ weight reduction 

when exposed for approximately 14 days over CaCl2 

{<!% R.H.). Rehydration of the ticks to their initial 

weight at 85^ R.H. was normally achieved in 6-7 days. 

Based on these observations, the ticks in the cycled 
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0-85^ group were placed on a 17 day desiccating-

rehydratlng regime. A fourth group of nymphs was 

maintained at a constant 85^ R.H. and served as a final 

time sfiunple control for the cycled specimens. The 

initial sample concentrations were measured for lipid 

and hemoglobin to determine the extent of variation in 

the experimental animal population. These data are 

presented as the mean lipid and hemoglobin concentrations 

± the respective standard error of the mean (sj) at day 

zero. Subsequent samples were taken at 17, 34, 68 and 

102 days. These Intervals corresponded to 1, 2, 4, and 

6 cycles for the 0-85^ group. The lipid-free dry 

weight for each two tick replicate was determined 

following primary desiccation in vacuo at 40 C, lipid 

extraction in chloroform-methanol (2:lv/v) at 50 C for 

48 hours, and redesiccation at 40 C in vacuo. The lipid 

values ire expressed as percentages of tick dry weight. 

A standard hemoglobin concentration curve was prepared 

using dilutions of a certified cyanomethemoglobin 

standard. Six serial dilutions were made ranging from 

0.125 to 4,0 mg Hb per 5 ml sample. The six point curve 

of the sample optical densities at 5̂ 0 m^ vras linear. 

The initial tick replicate weights were recorded after 

the specimens were placed in the humidity-time sample 

groups. At the end of the predetermined test intervals, 

the appropriate time sample replicates v;ere transferred to 
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individual centrifuge tubes containing exactly 5 ml of 

cyanmethemoglobin (Drabkin»s) reagent. The ticks were 

thoroughly macerated and centrlfuged at 1000 x g for 20 

minutes. A surface layer of lipoid material was removed 

with an aspirator. The homogenate was recentrifuged and 

reasplrated. The optical densities of samples were 

measured at 5^0 m^. The cyanmethemoglobin concentrations 

wore determined from the standard curve and were 

subsequently divided by the initial weight of the replicate. 

The initial weight was necessarily employed since the 

terminal weights varied according to the humidity at which 

the specimens were kept. 

The initial mean lipid concentration was 5.68lo.45^ 

of tick dry body weight. In TABLE 11 are the mean lipid 

concentrations for the individual time sample-humidity 

treatments. The data were subjected to a two-way analysis 

of variance with replication (TABLE 12). Differences m 

the lipid content of ticks kept at the various humidities 

were nonsignificant. There was significant variation 

among the time samples (P<0,05)» but no consistent 

pattern of lipid increase or decrease v/as observed. The 

effect of interaction between relative humidity treatment 

and the time sample was also significant. The mean lipid, 

concentration of the 85^ R.H. control group was 5.07± 

0.99^- This value did not differ significantly from the 
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TABLE 12. - Lipid data. Two-way analysis of variance with 
replication. The effects of humidity treatment and 

time are analysed. 

Source 

Between humidities (A) 

Between time saunples (B) 

Interaction (A x B) 

Error 

Total 

•P< 0.05 

df 

CVJ 

3 

6 

33 

44a 

Mean Square 

0.009 

8.187* 

6.134* 

2.450 

- -

^Corrected degrees of freedom in^ icating the use of three 
approximated replicates (Steel and Torrie i960) 
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lipid concentrations of the other final samples for each 

humidity treatment. The initial hemoglobin sample mean 

was 0.1072±0.0028 mg Hb/mg Initial wet body weight. The 

mean hemoglobin concentrations for the individual time 

sample versus humidity treatments are seen in TABLE 13. 

A two-way analysis of variance with replication was 

carried out on the data (TABLE l4). There were significant 

differences in hemoglobin levels between the humidity 

treatments (P<0.01). The overall means for the 64, 

0-85 cycled, and 96^ R,H, treatments were compared 

employing Duncan^s new multiple-range test. The mean 

hemoglobin content of ticks cycled between O-85 R.H. was 

significantly lower than that of ticks maintained. 

constantly at 64 and 96^ R.H. (P< 0.01). The final 

mean hemoglobin concentration in the 85^ R.H. control 

group was 0.0493±0.0017 mg Hb/mg tick weight. An analysis 

of variance and Duncan's test were carried out to compare 

the means of the final humidity treatment samples with 

that of the 85^ control group (TABLE 15). The cycled 

ticks contained significantly less hemoglobin than ticks 

maintained at 64, 85, 96^ R.H. (P<0.05). 

Tick Distribution in a Relative Humidity Gradient 

An investigation was undertaken to observe 

distributional patterns of hydrated and desiccated adult 
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TABLE 14. - Hemoglobin data. Two-way analysis of variance 
with replication. The effects of humidity treatment 

and time are analysed. 

Source df Mean Square x 10"^ 

Between humidities (A) 2 580** 

Between time samples (B) 3 3027** 

Interaction (A x B) 6 62 

Error 33 36 

Total 44^ 

Duncan's New Multiple Range Test**. Comparison of pooled 

humidity treatment mean hemoglobin concentrations . 

Humidity (O-Sf̂ ^̂  (64^) (96^) 

Ranked treatment means 0.0542 O.O636 O.O653 

**P< 0.01 

^Corrected degrees of freedom Indicating use of three 
approximated replicates (Steel and Torrie I96O) 
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TABLE 15. - Comparison of final mean hemoglobin 
concentrations between humidity treatment 

groups. One-way analysis of 
variance with replication. 

Source ] df Mean Square x 10"^ 

Between humidities 3 197** 

Error 10 28 

Total 13 

Duncan's New Multiple-Range Test* 

Final mean hemoglobin concentration 

Humidity (0-85-0) (64^) (85^) (96^) 

Ranked treatment means 0.0354 0.0456 0.0493 0.05"'1 

**P< 0.01 

*P< 0.05 
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0. concanensis in a humidity gradient. The apparatus 

employed In this study was modified after the original 

design of Bull and Mitchell (1972). The gradient 

chamber consisted of two rectangular plexiglass trays 

fitted together to form an airtight box. The bottom 

half was divided into 12 compartments, each designed to 

contain humidity control solutions, A floor of porous 

polyethylene was positioned 3 mm above the compartments. 

The transparent cover was fitted with 13 equally spaced 

electronic hygrosensors suspended 1 cm above the arena 

floor. The positions of the sensors corresponded to the 

location of the partitions between the humidity controlling ^ 
1 

solutions. The observation arena floor was thusly divided * 

into 12 areas betvreen the hygrosensors. Experimental runs I 
I 

were undertaken in a double humidity gradient established ! 

by placing 95^ glycerol in two center containers and 

distilled water in each of the end compartments. This 

created a double gradient extending from 85^ R.H. at each 

end to 40^ R.H. in the center of the chamber. The 

gradients were inverted by interchanging the glycerol and 

water containers. In this manner, thlgraoklnetic 

responses to the chamber corners could be detected and 

distinguished from responses to relative humidity. 

Control tests were made employing a uniform 75^ R.H. 

throughout the chamber. Fourteen hydrated or desiccated 

adults were used in each test. Seven ticks were inserted 
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Into the observation arena through each of two paired 

openings spaced equal disteinces from the ends of the 

cover. Individual tick positions were noted at 12 ten 

minute intervals during the 2 hour tests, resulting in 

a total of 168 tick positions per experiment. The tests 

were conducted at 25 C in darkness except during periods 

of brief diffuse overhead light necessitated during tick 

counts. A Chi-square analysis was employed to compare 

the distribution of ticks in the six center areas to 

that observed in the six end areas. The distributions 

of hydrated and desiccated ticks in the 75% R.H. control 

tests were utilized as the "expected" values during 

subsequent Chi-square analyses of tick behavior in double 

humidity gradients. 

The distribution of hydrated and desiccated adults 

in the uniform 75^ R.H. controls is found in TABLE l6. 

A weak but significant thigmoklnetic response to the 

chamber corners was observed in both hydrated and 

desiccated adults (P<0.05 and P<0.01, respectively). 

The distribution of hydrated ticks in a double humidity 

gradient is seen in TABLE 17. Hydrated adults exhibited 

a weak thigmokinesis that did not Interfere with and was 

not additive to the tendency to aggregate in areas of 

low humidity. TABLE 18 contains the observed distribution 

of desiccated adults. Significant desiccated tick 

aggregation occurred in areas corresponding to 55 and 
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TABLE 16. - The distribution* of hydrated and desiccated 

ticks exposed to a uniform humidity (75^ R.H.) 

Temperature 25 C 

6 End Areas 6 Middle Areas 

Hydrated Ticks 97 71 

Desiccated Ticks 108 60 

•Tick distribution is the total position of l4 specimens 
for twelve 10-minute intervals per 2 hour test 

X^ Test for Independence 

Hydrated x2 4.02 P<0.05 

Desiccated x2 13.71 P<0.01 

df = 1 
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TABLE 17. - The distribution* of hydrated ticks exposed 

to a double gradient (40-855̂  R.H.) 

Temperature 25 C 

Group 
Humidity Gradient 

-ft̂ ^ 

Hydrated ticks A 98 (e) 70 (m) Ii 

Hydrated ticks B 113 (m) 55 (e) 

e = 6 end areas 

m = 6 middle areas 

•Tick distribution is the total position of l4 specimens 
for twelve 10-ralnute intervals per 2 hour test 

f 
1 
I 

Hydrated Group A 

X"̂  Test 

x2 = 1 (NS) 
'Ii 

Hydrated Group B X^ = 43.0 P < 0.01 

df = 1 
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TABLE 18. - The distribution^ of desiccated ticks exposed 

to a double gradient (40-85*̂ ^ R.H.) 

Temperature 25 C 

Group 
Humidity Gradient 

40-55'/̂  55-85^ 

Desiccated ticks A 0 (e) 168 (m) 
w.-

Desiccated ticks B 6 (m) 162 (e) 

e = 6 end areas 

m = 6 middle areas 

•Tick distribution is the total position of l4 replicates 
for twelve 10 minute intervals per 2 hour test 

f 
1 
I 
) 

X^ Test 

Des iccated Group A X^ = 302.4 P < 0 . 0 1 

Des iccated Group B X^ = 75-6 P < 0 . 0 1 

df = 1 
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855? R.H. (P<0.01). Explicitly, of 336 tick positions 

recorded, 321 were at the highest available humidity, 

85!«. 

I 



DISCUSSION 

The frequent occurrence of 0. concanensis populations 

in cliff swallow colonies throughout much of the semi-

arid United States indicates that this species is adapted 

to withstand the climatic extremes encountered in the 

cliff-face habitat. Various factors limit the survival 

of tick populations in general in xeric climates. The 

availability of acceptable hosts at intervals frequent 

enough to sustain the energy and water requirements of 

tick populations is no less important than the 

physiological adaptations to physical environmental J 

distribution of tick species. These factors act in 

combinations to alter the tolerance ranges, water balance 

mechanisms, metabolite utilization and behavior of the 

ticks. 

The precipitin test identification of blood meals 

indicates that 0. concanensis ectoparasltizes bats and 

cliff swallows. This dual host spectrum greatly extends 

the potential availability of blood meals during the year. 

The massive number of swallows recurring annually at the 

53 
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factors. Temperature and relative humidity variations 

are additional selective agents that limit the 1 

I 
> :::::::: 
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colony sites acts in conjunction with the nearly year 

around presence of bats to provide the tick populations 

with ready access to food and water. The impact of host 

availability is reflected in the seasonal percentage 

distributions of identified blood meal sources. The 

percentage distributions illustrate that the ticks 

continue to feed on bats throughout the year, but 

ectoparasltlze the swallows more heavily during late 

spring euid early summer when the birds, because of sheer 

numbers, are more available than bats. 

The temperature tolerance of 0. concanensis is broad 

and Indicates that this species is adapted to survive 

over much of the wide range encountered on the cliff-face. 

The minimum and maximum temperature tolerances of -5 and 

+45 C do not differ greatly from those observed for a 

number of terrestrial arthropod*^ fProsser and Brown 

1965). This broad tolerance rar~e is apparently 

characteristic of ticks (MacLeod 1935). Although no data 

have been collected to offer a firm comparison between 

geographical variants of 0. concanensis, the wide range of 

temperatures tolerated by ticks from cliff-face populations 

suggests that this species is well adapted to survive both 

in the relatively stable climate of caves and in the xeric 

cliff-side environment. 

Temperature directly affects the metabolic rate, 

and hence the depletion of food reserves In fasting ticks. 
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Temperature coefficients (QIQ) exhibited by most 

terrestrial arthropods over the range of 10 to 35 C are 

similar to the mean Qio value of 2.56 observed by Webb 

(1969) In an experiment in which the 02 consumption of 

several orlbatld mite species was measured. Variations 

from the normal factor of increase (2-3 per 10 C) have 

been recorded. Berthet (1964) demonstrated Qio values of 

3«5 to 5.7 for 16 species of orlbatids between 10 and 

20 C. Information is limited concerning the effects of 

temperature on tick metabolic rates. Tatchell (1964) 

recorded a Qio of "approximately" two for hemoglobin 

digestion rates in Argas persicus at 28 to 37 C. Sweatman j 

and Koussa (I968) observed a QIQ of 1.9 for O2 consumption 

in engorged Rhlpicephalus sanguineus over the range of 15 

to 35 C. 

The temperature coefficients of 6.02 and I.6I 

observed respectively for 0. concanensis at 15 to 25 and 

25 to 35 C are not commensurate with expected values of 

2 to 3* The lowered rate of O2 consumption at 15 C is 

probably a result of tick exposure to a temperature below 

that required for normal activity. This marked decrease 

is greater than that exhibited by R. sanguineus (Sweatman 

and Koussa, I968) at the same temperature and suggests that 

akinetic 0. concanensis are able to conserve food reserves 

11 
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at temperatures normally associated with annual periods 

of tick Inactivity and sporadic host availability. The 

QlO of 1.61 at 25 to 35 C may be the consequence of 

exposure to temperatures in excess of the "optimum" 

metabolic range. The metabolism of 0. concanensis 

increased upon exposure to 35 C, but the increase was 

not as great as that observed in either A,, persicus 

(Tatchell, 1964) or R. sanguineus (Sweatman and Koussa, 

1968) over a similar temperature range. It is difficult 

to Interpret the significance of this slightly lower than 

expected increase; however, it may serve to additionally 

conserve food reserves over extended periods. I 

The orientation responses of ticks in temperature I j i 

preference experiments have been Investigated in several ' 

studies. Totze (1933) observed that the preferred 

temperature of starved adult Ixodes riclnus, previously 

maintained at 18 to 20 C, was 23 C. MacLeod (1935) 

demonstrated a preferred range of 14-17 C in nymphal 

Ixodes riclnus previously stored at 14-18 C. He concluded 

from his and Totze»s results, that the preferred temperature 

range for Ixodes riclnus lies between 14 and 23 C. However, 

Lees (1948b) demonstrated that the narrow preferred 

temperature zones exhibited in individual experiments 

conducted by Totze and MacLeod were actually due to low 
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temperature "trapping". The discussion by El-Zlady 

(1958) of a preferred temperature range of 9 to 12 C for 

0. erratlcus Is similarly invalidated by her failure to 

recognize the trapping effects due to low temperature. 

My experiments pertaining to temperature orientation 

responses of 0. concanensis were designed to eliminate 

the trapping effect of low temperatures. Preliminary 

work indicated that 0. concanensis became inactive at 

temperatures below 13 C in a gradient extending from 10 

to 35 C. Subsequent gradients were therefore established 

ranging from 14.5 to 35 C. Broad aggregations of hydrated 

and desiccated adults formed between 14.5 to 22 C in both I 

dry and moist air, but sharply defined avoidance responses 

were observed at temperatures in excess of 27 C. The f 
I 

overall distributional patterns were similar for hydrated 

and desiccated ticks in moist or dry air. Although the 

Chi-squa're tests for independence indicated that tick 

dispersal is significantly modified by pretest hydration 

or desiccation and relative humidity, the modifications 

are difficult to interpret in terms meaningful to the 

survival of ticks in the natural environment. The 

statistical significance of the modifications may be. 

Instead, the result of an unduly sensitive Chi-square 

analysis. 

The distribution of ticks over a temperature range 

similar to that encountered on the cliff-face indicates 

(«. 
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that the ticks tend to avoid increased substrate 

temperatures and thereby also avoid excessive water loss 

and increased metabolism. 

The abilities of tick species to resist desiccation 

have been extensively investigated. Brett (1939) 

described a general increased weight loss in all stages 

of 0. moubata at decreasing relative humidities. Lees 

(1946) demonstrated that the ability to resist water loss 

differed greatly between tick species, but could be 

correlated with the climate of the habitat. He found 

that less resistant species, such as Ixodes canisuga, 

i« hexagonus. and Î. riclnus, survived exposure in dry . 
! 

air at 25 C for only 1 to 5 days and in some cases lost 

up to 50% of the original body weight per day. The more 

resistant species, Rhlpicephalus sanguineus, Dermacentor 

andersoni. D. reticulatus, and Ornithodoros moubata 

exhibited dally weight losses of 1 to 3% and survived 17 

to 35 Days. Lees (1946) also observed that for each 

species a range of humidities exists above which 

desiccated ticks are able to absorb water from the 

surroimding atmosphere. The term "equilibrium humidity" 

has been applied to this process in ticks. The 

equilibrium humidities that Lees (1946) determined for 

eight tick species at 25 C ranged from 82^ R.H. in 0. 

moubata to 96^ R.H. in I_. canisuga. Balashov (I96O) 

recorded an equilibrium humidity of approximately 80^ in 
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Hyalomma asiaticum. Generally, species inhabiting dry 

regions were shown to exhibit the lower equilibrium 

humidities. 

In the water balance experiments on 0. concanensis, 

hydrated ticks exhibited relatively gradual weight losses 

during 6 months at humidities of 75^ or higher, but 

specimens kept below 75^ R.H. underwent rapid dehydration. 

The significance of desiccation resistance is indicated 

by the low tick mortality rates after 12 months at 

humidities equal to or greater than 75%, Tick mortality 

after 3 months at 51 and 64^ R.H. was 100^ and 75%, 

respectively. The ability of 0. concanensis to replenish j 

lost water is Illustrated by the weight increases J 

observed in desiccated ticks at humidities of 75^ or 

greater. The capacities of 0. concanensis to both resist 

desicca' ion over extended periods and to absorb water at 

humlditi^.L equal or greater than 75% suggests that the 

equilibrium humidity of this species is at least 75% R.H. 

at 25 C. The resistance of 0̂. concanensis during extended 

exposure to intermediate humidities and the ability to 

absorb water following desiccation are major adaptations 

that enable populations of this tick to survive in xeric 

environments. 

The cuticle is the primary barrier limiting excessive 

water loss in terrestrial arthropods. Ramsay (1935) and 

Wigglesworth (1945) demonstrated, that water transpiration 
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through the cuticle of a variety of killed Insects 

increased abruptly above a certain point, termed the 

"critical temperature". Lees (1947) determined the 

critical temperature for several tick species. He 

demonstrated that the critical temperatures of hard ticks 

ranged from 32 C (!_. riclnus) to 44 C (Dermacentor 

variabilis). The critical temperature of argasld tick 

cuticles ranged from 62 C (0. moubata) to 75 C (0. 

savignyi). As a result of his findings. Lees suggested 

that the correlation between desiccation resistance and 

habitat could be extended to include the critical cuticle 

temperature. Lees found, for the species he observed, 

that the critical temperatures of ticks resistant to 

desiccation were higher than the critical points for less 

resistant species. 

The desiccation resistance of 0. concanensis at 

<.!% R.H. is comparable to the mcit resistant species that 

Lees (1946) studied. The range of weight losses in 0. 

concanensis and other resistant ticks in dry air was 1 to 

3% per diem. The approximate critical cuticle temperature 

of 0. concanensis can be determined from the sharp 

increase in transpiration occurring between 50 and 53 C. 

Balashov (I963) recorded a similar "critical point" of 

50 C for 0. papillipes, a species that inhabits dry 

regions. Apparently the critical point of the cuticle is 

not necessarily a valid measure of a species* adaptation 
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to xeric environments. 

Lees (1947) stated that water absorption is 

associated with an active, energy requiring process 

which ceases in asphyxiated or cyanide poisoned ticks. 

Several approaches have been employed to determine the 

effect of water balance maintenance on arthropod 

metabolism. Short term metabolic responses have been 

investigated by measuring O2 consumption at various 

relative humidities. Kanungo (I965) demonstrated that 

the O2 consumption of desiccated versus hydrated mites, 

Echlnolaelaps echidninus. did not differ significantly 

at 98^ R.H., although the dehydrated mites absorbed 

water from the nearly saturated atmosphere. Kanungo 

concluded that O2 consumption associated with water 

baleuice probably represents only a fraction of one 

percent of the total energy inv-'̂ lved in overall metabolism. 

Sweatman and Koussa (I968) observed that the O2 consumption 

of engorged female R. sanguineus tended to increase 

directly with the vapor pressure deficit (saturation 

deficit); however, the differences were subtle and not 

statistically significant at the usually acceptable levels. 

Several Interesting patterns were observed in the O2 

consumption rates of hydrated and desiccated 0_. concanensis 

exposed to various humidities. The overall O2 consumption 

rates are similar between the hydrated and desiccated 

pretest groups. Oxygen consumption within the hydrated 
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group did not vary significantly between humidities; 

however, the desiccated specimens consumed significantly 

more O2 at 75 and 85^ R.H. than at 50 and 965̂ . In 

addition, the O2 consumption rates of all ticks decreased 

during the 6 day experiment. 

Lees (1948a) stated that water loss and water 

absorption by ticks proceeds in all unsaturated 

atmospheres, but that water uptake occurs less rapidly 

tham water loss below the equilibrium range. Above this 

point, however, water absorption takes place at an equal 

or greater rate than water loss. Water absorption is a 

process that proceeds against a vapor pressure grsuiient 

in unsaturated air. The gradient decreases as the 

moisture content of the atmosphere increases. Because 

this gradient must be overcome during water absorption, 

more energy may be required to .alntain a stable water 

content at humidities only sligl-!;ly above the equilibrium 

range than in atmospheres approaching saturation. Since 

the energy Involved in water transport is probably, as 

Kanungo (I965) stated, only a fraction of the total 

metabolism, major differences in metabolic functions, 

such as O2 consumption, might be difficult to detect 

during short term experiments. This may be especially the 

case at high relative humidities, where little energy is 

involved in water uptake. 
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The similar overall metabolic rates of hydrated 

versus desiccated 0, concanensis may obscure actual 

differences in the physiological processes utilizing the 

derived energy. The principal metabolic expenditures 

associated with water balance in recently hydrated ticks 

may conceivably involve energy consumed in resisting 

desiccation. If the energy required to resist water loss 

was Independent of the vapor pressure deficit, then the 

similar O2 consumption levels observed in the hydrated 

ticks at all humidities might be explained. Conversely, 

In desiccated specimens, the major fraction of the energy 

budget contributing to water balance would be that 

involved with water uptake. Although water may be 

absorbed from unsaturated atmospheres below the equilibrium 

range, as Lees (1948a) implied, the data in my 

Investigation suggest that the energy involved in water 

uptake is inversely related to relative humidities above 

the equilibrium range. Little, if any, energy is expended 

in an effort to actively absorb water at humidities below 

this range. The increased metabolism of 0. concanensis 

at humidities only slightly above the equilibrium range 

indicates that desiccated ticks must expend energy to 

absorb water. The gradual reduction observed in the 

metabolic rates of all ticks during the experiment 

represents a physiological manifestation of aklnesis that 

conserves food reserves during starvation. In addition, 
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water loss may be reduced during periods of decreased 

metabolism since the spiracular openings can remain 

closed for extended intervals. 

Investigations pertaining to long term effects of 

relative humidity on metabolite depletion have also been 

conducted. Mellanby (1932a) examined the levels of "fat" 

and uric acid in unstarved and starved bed bugs, Cimex 

lectularus. kept at constant humidities. He demonstrated 

that the concentrations of ether-soluble reserves did not 

differ between unstarved and starved specimens. According 

to Mellanby, the principal metabolites used by bed bugs 

during starvation was protein. He detected no differences 

in rates of metabolite depletion between humidities after 

4 weeks. In a similar study, Mellanby (1932b) found that 

the principal metabolite in the fasting mealworm, Tenebrio 

molitor. was fat. He demonstrated that the mealworms 

counteracted water losses at low humidities by producing 

metabolic water through increased metabolism of lipids. 

Tatchell (1962, 1964) investigated alimentation in the 

fowl tick, Argas persicus, and concluded that the lipid 

portion of the blood meal remaining after the initial 

rapid phase of digestion did not contribute, in any large 

way, to metabollsri v:hen compared to the hemoglobin 

fraction. Lees (1948a, 1964) investigated the effects of 

ageing on water transport in the sheep tick, Ixodes 

riclnus, and found that the equilibrium humidity increased 
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with age until in old specimens, water uptake occurred 

only in saturated air. Lees stated that the efficiency 

of active resistance to desiccation is probably determined 

by the quantity of reserve materials. He demonstrated, 

hlstochemically, that fat deposits represent the primary 

metabolite reserves in J. riclnus. 

Although several of the preceding investigations 

were designed to determine if prolonged and continuous 

exposure to specific humidities caused differential rates 

of metabolite depletion, none involved a study of 

metabolic rates in ticks that were repeatedly desiccated 

and rehydrated. The lipid and hemoglobin concentrations 

of 0. concanensis kept at uniform humidities were compared 

to those of ticks repeatedly desiccated and rehydrated. 

The lipid content did not decrease during the experiment. 

Illustrating that lipid does net represent a significant 

food reserve during starvation. The lipid values were 

determined for ticks that were fed and allowed to molt 

before being placed into humidity-time sample groups. 

The time elapsed between feeding and the initial lipid 

sample was approximately 6 to 8 weeks. Tatchell (1964) 

demonstrated hlstochemically that the major lipid 

fraction of the blood meal is utilized by the 12th day 

after feeding in adult female Argas persicus. Males and 

nymphs, however, required up to several months before 

lipid could not be demonstrated. Tatchell concluded 
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that the massive amounts of hemoglobin which remain after 

the initial rapid phase of digestion represent, in the 

absence of lipid reserves, the major metabolite used by 

starving A. persicus. The failure of 0. concanensis and 

A. persicus to convert significant fractions of the blood 

meal into lipid reserves suggests a major physiological 

difference between hard and soft ticks. If Lees' statement 

that the reserve materials in Ixodes riclnus are composed 

principally of fat can be extended to include most Ixodld 

ticks. 

The decrease in the hemoglobin concentration serves as 

a useful index of metabolite depletion in starved C_. 

concanensis. Observations of the crevice microhabltat 

indicate that the relative humidity fluctuates over a range 

that would desiccate ticks and subsequently enable them to 

absorb v.'ater. The Increased utilization of hemoglobin by ^. 

concanensis repeatedly exposed to desiccating and 

rehydrating humidities suggests that. In the natural 

environment, ticks that undergo frequent dehydration and 

rehydration are at a major disadvantage when compared to 

ticks secluded in areas with humidities conslstantly above 

the equilibrium range. The advantage of constant 

exposure to relative humidities above the equilibrium 

range is obvious both in terms of water loss and 

metabolite depletion. Ticks that replenish lost v̂ ater by 

active reabsorption do so only upon the expenditure of 
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energy. The survival of tick populations is thus greatly 

determined by a complex interrelationship of water and 

metabolite conservation. Continued water loss results 

In death; however, the replenishment of lost water 

affects food reserves adversely. 

The orientation behavior of ticks exposed to various 

relative humidities has been shown to be directly 

Influenced by the water content of the experimental 

animals. Lees (1948b) demonstrated that the humidity 

behavior of i. riclnus was directly influenced by the 

ticks' physiological state. Lees stated that unfed 

adults with a normal water content avoided excessively 

moist air, but became akinetic with "equal readiness" 

at intermediate or low humidities. He observed that 

dehydrated adults were active in dry air, but quickly 

became akinetic in moist atmospheres. Upon rehydration. 

the ticks reverted to the primary avoidance of high 

humidities. El-Zlady (1958) investigated the behavioral 

responses of female 0. erratlcus in humidity preference 

experiments. Desiccated starved females avoided the low 

humidity when exposed to 18 and 95/"̂  R-H. Engorged 

females aggregated at intermediate humidities and avoided 

excessively moist or dry atmospheres. Howell observed 

Lowell, F. G. 1970. Responses of Argas cooleyi 
(Acarina: Argasidae) to Relative Humidity. H.S. Thesis. 
Texas Tech University. Lubbock, Texas. 
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the behavior of hydrated and desiccated adult Argas 

cooleyi in humidity gradients extending from 35 to 90^ 

R.H. Hydrated ticks exhibited an initial aggregation in 

low to intermediate humidities (35-60^); however, this 

preference was not reversed upon desiccation as was the 

case in J. riclnus and 0. erratlcus. Instead, Howell 

demonstrated that desiccated adults exhibited even 

stronger responses to low relative humidities than 

hydrated ticks. Howell postulated that such seemingly 

unreasonable behavior was a result of exposing the ticks 

to a single stimulus rather than to combinations of 

stimuli like those encountered in the natural environment. 

The distributional pattern of hydrated and desiccated 

0. concanensis in a relative humidity gradient was similar 

to that observed by Lees (1948b) and El-Zlady (1958) for 

J. riclnus and 0. erratlcus, respectively. Hydrated 0. 

concanensis aggregated at low to intermediate humidities 

(40-555̂ ) and desiccated ticks were distributed in 

significant numbers at 55 to 85t R.H. Hydrated adults 

represent specimens with sufficient v/ater reserves. This 

water content may enable the ticks to move along a 

humidity gradient vrlthln the crevice microhabltat towards 

the desiccating humidities frequently encountered on the 

cliff-face. Such movement is probably associated with 

hojt seeking behavior. Conversely, the orientation 

behavior of desiccated 0_. concanensis was influenced by 
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the low water content of the ticks. Aggregation at high 

humidities probably represents a behavioral mechanism 

that results in replenishment of lost water. 

In summary, the adaptations that enable populations 

o^ Q.» concanensis to survive the climatic extremes 

associated with the xeric cliff-face are extensive. The 

availability of food and water is increased by the dual 

host spectrum that includes cliff swallows and bats. The 

ranges of temperature and relative humidity tolerated by 

0. concanensis are broad and enable the ticks to survive 

in a variable xeric climate. The conservation of water 

and metabolites by fasting ticks is achieved through a 

complex interrelationship between desiccation resistance 

euid reduced metabolism during aklnesis. Water absorption 

proceeds in unsaturated atmospheres but only upon the 

expenditure of energy. Finally, the orientation behavior 

in temperature and humidity gradients suggests that ticks 

in the natural environment are able to further conserve 

water and metabolites. Increased substrate temperatures 

tend to be avoided by fasting ticks. Desiccated 

specimens avoid dry air but aggregate in moist air, 

enabling water to be absorbed from the atmosphere. 

Hydrated ticks aggregated at low to intermediate 

humidities and avoided moist air. 
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