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ABSTRACT Male Amblyomma americanum were irradiated at 0.5, 1, 2, 3, 
4, 8, and 16 krad in ambient air and were mated with untreated females. 
Mating was impaired at 16 krad. The number of females engorging and 
ovipositing decreased as the radiation dosage of their mates increased. 
Attachment period of females increased as male radiation dosage increased. No 
relationship was seen between radiation dosage of males and preoviposition 
period of females mated to them, number of eggs laid per female, or weights of 
eggs. 
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Amblyomma americanum is a vector of Rocky Mountain spotted fever, 
American Q fever, tularemia, and possibly Lyme disease (Schulze et al. 1984, 
Magnarelli et al. 1986). It is an important pest of livestock in the southern 
United States and can cause tick paralysis in mammals. Release of sterile males 
into a pest population is one method of control that has been successful in 
several insect species (Knipling 1982). Thus, this study was designed to gather 
basic information on the feeding, host attachment, oviposition, and egg 
characteristics of untreated females mated to irradiated A. americanum males. 
A previous study (Oliver and Stanley 1987) found decreased hatch of eggs from 
such crosses and described radiation-induced changes in gross testicular 
morphology and spermatogenesis. 

Male ixodid ticks exposed to 16 krad or less of gamma radiation develop 
chromosomal aberrations such as bridges and rings. The testes often are 
underdeveloped, abnormal cells are prominent, and production of spermatids 
may be slowed or halted (Oliver et al. 1972, Pappas and Oliver 1972). In our 
previous study (Oliver and Stanley 1987), we noted no recognizable alteration in 
timing of spermatogenesis in A. americanum treated with 0.5 to 16 krad, but 
severe breakdown and depletion of germinal cells was seen at 4, 8, and 16 krad. 

Ixodid ticks generally are sterilized by a minimum of 2 to 4 krad of gamma or 
X-irradiation. When either parent is exposed to these dosages, oviposition and 
embryonic development are impaired. Hatch of eggs from a tick treated with 2 
krad or above is rare (Sidorov and Grokhovskaya 1964, Drummond et al. 1966, 
Kitaoka and Morii 1967, Gregson 1969, Oliver et al. 1972, Purnell et al. 1972, 
Beuthner 1975, Oliver and Stanley 1987). These minimum sterilization dosages 
appear most promising for biological control of ixodid ticks; higher dosages may 
result in loss of competitive ability, feeding difficulty, and mating impairment. 

1 Accepted for publication 23 April 1993. 
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Materials and Methods 

Amblyomma americanum engorged nymphs were obtained from the USDA 
Livestock Insects Laboratory, Kerrville, Texas, approximately 2 mo before the 
experiment. The ticks were kept at 85% RH and 25°C. 

Unfed adult males were separated into 8 groups and 7 groups were treated 
at the USDA Stored Products Insect Laboratory, Savannah, Georgia, with a 
Cobalt-60 source (strength = 1,235 Ci; rate = 1.1 krad/min) in ambient air at 
levels of 0.5, 1, 2, 3, 4, 8, and 16 krad of gamma radiation. Control ticks were 
maintained identically to experimentals except for the radiation exposure. After 
treatment the ticks were returned to 85% RH and 25°C for 28 h before they 
were placed on hosts. 

Ten males representing each radiation level were combined with an equal 
number of untreated females and were placed on the left ears of New Zealand 
white rabbits. Attachment was checked daily. Engorged females from each 
group were collected as they detached and were placed in individually labeled 
vials to await oviposition. Those that did not detach of their own volition were 
removed from the host after 21 to 30 days. Date of oviposition was recorded for 
each female. Egg masses were maintained in desiccators at 80% RH and 25°C. 
Each egg mass was weighed on day 22 after the start of oviposition. Eggs were 
later counted individually with a dissecting microscope. The entire experiment 
was then repeated. 

Mating studies were evaluated statistically using correlation, regression, and 
ANOVA with unequal sample sizes. In cases where ANOVA showed a significant 
difference, multiple comparisons were made using Scheffe s F test. Confidence 
intervals were computed (Sokal and Rohlf 1969). Experiments One and Two are 
presented separately because a £-test for paired comparison of means indicated 
that some data for numbers of females engorging, attachment and preoviposition 
periods of females, and egg weights differed significantly (P < 0.05) between 
experiments. 

Results 

Ticks at all radiation levels in both experiments usually attached in mixed 
clusters of males and females. Males from all groups were seen in the venter-to-
venter position of mating, but many of the males that had been exposed to 16 
krad detached from their host and wandered about until they died without mat-
ing. Females confined with the 16-krad-treated ticks remained at partial 
engorgement, indicating that the males either had not mated or had not suc-
cessfully transferred spermatophores to the females. 

Number of females engorging. In Experiment One, the number of 
females engorging and dropping decreased as radiation exposure level of their 
mates increased (P < 0.05, regression analysis). High percentages of females 
engorged in the control, 0.5-, 1-, and 2-krad groups (Table 1). Half of the 
females mated to 3-krad-treated males engorged. The 4-krad group was lost 
when its host scratched off an earbag, enabling all the ticks to escape. Few 
females engorged when confined with males treated at 8 or 16 krad; most were 
eventually removed after a 30-d attachment period. Similar results were 
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recorded in Experiment Two (Table 2). Because many control females died or 
escaped in Experiment Two, the regression is not as distinct as in Experiment 
One. 

Attachment period of females. In Experiment One, average attachment 
period of females increased as dosage level of their mates increased (P < 0.05). 
Average time spent on the host for a control female was 9.6 d, while females 
confined with males exposed to 16 krad remained attached an average of 17.0 d 
(Table 1). Ticks mated to males that received intermediate krad dosages 
showed intermediate average attachment periods. 

Table 1. Results of matings between irradiated males and untreated 
females of A. americanum (Experiment One). 

Male radiation No. females Attachment period of Preoviposition 
dosage engorging engorged females (d) Number period (d) 
(krad) (n = 10) Mean Range ovipositing Mean Range 

0 10 9.6 a 9-11 10 9.3 8-11 
0.5 10 10.5 a 9-15 8 8.6 6-12 
1 8 10.6 a 9-12 5 8.0 8 
2 9* 12.0 a, b 9-18 2 10.0 9-11 
3 5 13.6 a, b 11-16 4 8.2 7-9 
4 NDt ND ND ND ND ND 
8 5$ 15.8 b,c 13-18 2§ 13.0 13 

16 3* 17.0 b, c 11-20 1 9.0 9 

Means within a column followed by the same letter are not significantly different (P > 0.05, Scheffe s F test). 
Means within a column not followed by any letter showed no significant differences in a one-way ANOVA. 
ND, No data available. 
* 5 of the 9 engorged females subsequently died of causes other than experimental, 
t Entire group lost from host animal. 
$ The majority of females in these groups did not fully engorge and drop. They were removed from the 

host animal after a 30-day attachment period. 
§ These egg masses contained few eggs, which appeared normal. 

ANOVA indicated a significant difference in mean length of attachment period 
among dosage levels (P < 0.05) for both Experiment One and Experiment Two. 
Results of Scheffe s F test for multiple comparisons are given in Table 1 for 
Experiment One and in Table 2 for Experiment Two. In Experiment Two, there 
were some technical problems with the control group of females and also the 16-
krad group exhibited a drop in mean length of attachment that did not occur 
with the females in Experiment One. The multiple comparison test showed 
some differences among the groups, but the results are not as clear as in Exper-
iment One. 
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Number of females ovipositing. The number of females ovipositing was 
drastically reduced by irradiation of males in both experiments. However, a sta-
tistically significant regression relating these factors was not obtained. A strong 
correlation existed between the number of females engorging and the number of 
females ovipositing at each radiation dosage (P < 0.05); this indicated that most 
of the ticks that fed and dropped went on to lay eggs. 

Preoviposition period of females. ANOVA revealed no differences in 
average preoviposition times among the various groups in either experiment. 
Most ticks laid their eggs within 8 to 11 d after they dropped from their hosts. 
No relationship was seen between attachment period and preoviposition period 
of individual females in either experiment. 

Number of eggs laid per mass. For Experiment One, ANOVA and regres-
sion analysis showed no significant differences in the number of eggs laid per 
mass that could be attributed to the radiation dosage of the male parent. Total 
eggs laid by individual females ranged from 166 to 6,450 (Table 3). A similar 
result was obtained in the second experiment (Table 4). Ranges of egg numbers 
contained in the individual masses varied widely. Thus, although differences in 
average numbers of eggs laid did exist from group to group, they were not in 
inverse linear relationship to increasing radiation dosage. 

Weight of egg mass on day 22 after initiation of oviposition. Each egg 
mass was allowed to develop for 22 d and was then weighed. ANOVA showed no 
significant differences among the weights of the masses at that time for the 
control, 0.5-krad, and 1-krad groups in Experiment One. ANOVA could not be 
applied to other groups because of insufficient numbers of egg masses for analysis. 
Both large, heavy masses and small, light masses were scattered among all 
radiation levels. 

In Experiment Two, ANOVA again demonstrated no significant differences 
in average weight of egg masses among the groups (P > 0.05). These data indi-
cate no effects on average egg-mass weight that could be attributed to males' 
radiation dosage. There was no correlation between length of attachment periods 
of individual females and weights of their egg masses in either experiment. 

Weight per egg. In both experiments, ANOVA indicated no significant dif-
ferences among the weights of individual eggs at the various radiation levels. 
Average weights of eggs fell between 63 and 79 jug (Tables 3, 4). There was no 
significant correlation between weight per egg and dosage level of male parent. 
Also, weight per egg was not influenced by length of attachment period of the 
female parent or by the total number of eggs in the mass. 

Discussion 

Attachment and feeding of the treated Amblyomma americanum males in 
our study were unaffected at all but the highest radiation levels (8 and 16 
krad). Ticks exposed to 16 krad were the most affected, often detaching from 
the host and wandering about for days. Most died during the second week after 
irradiation. These findings agree with Oliver et al. (1972), who stated that feed-
ing of Rhipicephalus sanguineus was normal at all but 16 krad (at which level 
the ticks attached loosely and dislodged easily). These data also agree generally 
with those on Rhipicephalus appendiculatus (Purnell et al. 1972) which show 
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that dosages up to 16 krad had no obvious effect on attachment of males two 
weeks after irradiation. Also, male Dermacentor occidentalis exposed to 7.5 
krad mated, but those that received 15 krad did not mate (Oliver and Al-Ahmadi, 
unpublished information). It seems unanimous that doses of approximately 15-16 
krad greatly affect feeding of irradiated males; and because feeding is necessary 
for sperm production in almost all metastriate species (Oliver 1974, 1986a, b), 
15-16 krad prevents mating of the above mentioned species. Dosages much 
lower than 15-16 krad affect "successful" mating, although not feeding, of irra-
diated males. Our data indicate fewer A. americanum females fed and detached 
of their own volition after mating with males exposed to radiation levels of 3 
krad and above. Moreover, there was a trend toward long average attachment 
periods in these ticks. The underlying explanation of why these females did not 
complete feeding is that female metastriate ticks hold at partial engorgement 
on the host until they are mated, after which they rapidly and fully engorge and 
drop off. The specific stimulus during mating that causes complete engorge-
ment is still not known (Pappas and Oliver 1971, 1972, Oliver 1974, 1986a, b). 
Nevertheless, ability of male ticks to supply females with this stimulus is 
apparently impaired or destroyed by irradiation. 

Our results generally agree with those reported by Drummond et al. (1966) 
on A. americanum. They found that females engorged normally when mated to 
males receiving 2.5 krad, but that only one of 20 females engorged after mating 
with males treated with 5 krad; no females engorged when paired to 7.5-krad 
treated males. Also, another study (Darrow et al. 1976) showed that male 
A. americanum treated with 2.5 krad did not compete successfully with normal 
males when provided normal females. Additional confirmation that dosages 
greater than 2 krad affect successful mating of metastriate male ticks is provided 
by Beuthner (1975), who reported a significant increase in engorgement periods 
of females paired with male Amblyomma variegatum, Hyalomma anatolicum 
excavatum, and Rhipicephalus appendiculatus treated at such levels. An excep-
tion is the report that unfed female Dermacentor andersoni confined with males 
exposed to 4 krad mated normally within the usual time period (Gregson 1969). 

Fewer female A. americanum oviposited after mating with males exposed to 
the higher radiation levels (Tables 1, 2). This is a reflection of fewer females 
engorging and dropping of their own volition in these groups, and probably also 
indicates lack of successful sperm transfer in some cases. Szlendak et al. (1987) 
noted decreased spermatophore transfer by irradiated male Acarus siro mites. 
Results similar to ours were reported in A. americanum (Drummond et al. 
1966). Shanbaky et al. (1979) reported no significant difference in percentages 
of females ovipositing between control Argas arboreus and those mated to 1-, 2-
and 3-krad-treated males, but fewer females oviposited when mated with males 
treated with 4-25 krad. When irradiated male Argas persicus were mated with 
untreated females, the number of females ovipositing decreased with increasing 
dosage (Sternberg et al. 1973). 

No clear-cut relationship was found between dosage level of males and aver-
age preoviposition period of females paired with them during our study with A. 
americanum (Tables 1, 2). This result is supported by Oliver et al. (1972), who 
detected no significant differences in preoviposition periods of R. sanguineus 
females mated to irradiated males. Drummond et al. (1971) and Sweatman 
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(1967) thought that length of preoviposition period was influenced by environ-
mental factors such as temperature and relative humidity. 

Irradiation of male Amblyomma americanum did not significantly influence 
number of eggs per mass laid by their mates if the females fed sufficiently to 
oviposit (Tables 3, 4). Females with mates from any treatment level deposited a 
range of a few hundred to several thousand eggs. Shanbaky et al. (1979) found 
that mean egg numbers per oviposition of Argas arboreus females mated with 
1-krad-treated males did not differ significantly from control results, but fewer 
eggs were laid by females whose mates had been exposed to 2-25 krad. 

There was no significant difference among the weights of the egg masses on 
day 22 after oviposition that could be attributed to the males' radiation exposure 
(Tables 3, 4). The same appears true regarding weights of individual eggs. Egg 
weight averaged between 63 and 79 jig in our study. These figures are close to 
those of Drummond et al. (1971), who reported an average weight of 59-60 |ig 
for freshly-laid eggs and 52 (ig for eggs on the verge of hatching in Amblyomma 
americanum. Sactor et al. (1948) recorded a weight of 54 jig for the same 
species. 

Data from our study and from Oliver and Stanley (1987) suggest that if the 
conventional sterile-male technique is considered for A. americanum, 2 krad is 
probably the most effective exposure, as this dosage provides complete sterility 
in males without significantly altering their longevity or mating ability, at least 
initially. Reproductive impairment becomes severe at higher dosages, coincid-
ing with cellular damage in the distal half of the testes. 

Negation of sterile-male matings through subsequent inseminations by nor-
mal males (Gregson 1969) and unsuccessful competition by treated males (Stern-
berg et al. 1973, Darrow et al. 1976) remain problematic in control efforts. Use of 
sterile females also has disadvantages. Introduction of sterile females increased 
mating activity in untreated males of the soft tick Argas persicus (Galun et al. 
1972). 

A strategy not fully investigated in ticks is that of using substerilizing 
dosages of radiation to cause detrimental mutations. Khalil and Abdu (1979) 
showed that substerilizing dosages caused induction of delayed lethal genes in 
germinal cells of male Argas arboreus, and this subsequently caused embryo 
death. Detrimental genes also were expressed in the Fx generation of treated 
ticks. 
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