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into the forest canopy where they find a 
sloth, male, and continue the life cycle. 

Sloths are common in the rain forests 
of Panama; they occur at population den- 
sities of about ten sloths per hectare on 
BCI (4) and at about six per hectare on 
Cerro Azul (5). 'Thus there would be an 
ample opportunity for a newly emerged 
moth to find a sloth by flying a short dis- 
tance up and through the forest canopy. 
It is unlikely that newly emerged moths 
colonize the sloths which their parents in- 
fested, as sloths regularly move from 
tree to tree. Most two-toed sloths stud- 
ied on BCI changed trees on successive 
days, while three-toed sloths were in the 
same tree on successive days about 40 
percent of the time (8). 

To study the behavior of adult Cryp- 
loses on their hosts, we observed the 
movements of moths on captive and wild 
sloths. Particular attention was paid to 
possible feedineg at nasal and lachrymal 
secretions, a behavior that is known for 
many species oIf tropical "eye moths" 
(9). The proboscis of Coryptoses is very 
short, but moths readily imbibed water 
in the laboratory, and this increased their 
longevity. While moths were active on 
the surface of the sloth, especially when 
the latter was moving, no instances of 
feeding at the eyes or nose were seen. 
Adult moths may feed on secretions of 
the sebaceous glands at the base of the 
host's hairs, or perhaps on rainwater 
trapped in the dense coat of the sloth. 
This water might be enriched by dis- 
solved skin secretions and algal by-prod- 
ucts. 

As the presence of Cryptoses does not 

appear to have a detrimental effect on 
three-toed sloths, the relation between 
the moth and the sloth is most properly 
described as a phoretic rather than a 
parasitic one. Cryptoses benefits from 
this association through (i) the enhance- 
ment of oviposition-site location (that is, 
being carried by the sloth to the next 
fresh dung pile), (ii) the use of the sloth 
as a refuge from avian predators, and, 
perhaps, (iii) the enhancement of its diet 
with secretions of the host or associated 
algae. Similar phoretic associations be- 
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tween coprophagous insects and dung- 
producing mammals have been found in 
the Coleoptera (10) and Diptera (11), 
and may represent an incipient stage in 
the evolution of ectoparasitism. 
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Restriction Endonuclease Analysis of Mitochondrial DNA 

from Normal and Texas Cytoplasmic Male-Sterile Maize 

Abstract. Mitochondrial DNA from normal and cytoplasmic male-sterile maize 
was digested with restriction endonucleases RI from Escherichia coli or dill from 
Hemophilus influenzae. Electrophoresis of resulting fragments revealed distinctions 
between the two cytoplasmic types. These distinctions suggest that factors respon- 
sible for cytoplasmic male sterility are located in the mitochondrial DNA, and that the 
mitochondrial genome is not inherited paternally. 
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mitochondrial genome is not inherited paternally. 

Although cytoplasmic (extrachromo- 
somally inherited) male sterility of maize 
was first reported more than 40 years 
ago (1), the location of the factors con- 
ditioning this trait remains unknown. 
At least five different cytoplasmic male 
sterility types have been authenticated 
and a number of others have been report- 
ed, although their uniqueness has not 
been verified (2). The most widely 
known and studied is the Texas type 
male-sterile cytoplasm (cms T). Prior to 
1970 it was extensively used to avoid de- 
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tasseling in the production of hybrid seed 
corn (3). The occurrence of two leaf dis- 
eases in epidemic proportions (southern 
corn leaf blight and yellow leaf blight) on 
maize lines carrying cms T (4) forced the 
hybrid seed industry to abandon use of 
cms T in seed production. Recent studies 
have shown differences in the response 
of mitochondria from maize with normal 
and Texas cytoplasms when challenged 
by toxins (5) produced by race T of Bipo- 
laris maydis (Nisikato) Shoemaker 
(southern corn leaf blight) and Phyllos- 
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ticta maydis Arny and Nelson (yellow 
leaf blight). Since these studies suggest 
the involvement of mitochondria, mito- 
chondrial DNA (mtDNA) must be con- 
sidered as a possible site of genetic fac- 
tors responsible for traits associated with 
cmsT. 

Traditional methods of genetic analy- 
sis for nuclear genes are generally not 
available for studying cytoplasmically in- 
herited traits of higher plants. An alterna- 
tive approach lies in characterizing the 
organelle DNA's and attempting to re- 
late them to the cytoplasmically inher- 
ited traits. When a homogenous DNA is 
digested by a site-specific restriction en- 
donuclease, a characteristic array of frag- 
ments is generated. If the DNA is of low 
complexity, fractionation of the restric- 
tion fragments by gel electrophoresis re- 
sults in a characteristic fragment pattern. 
This pattern can serve as a fingerprint of 
the original DNA molecule in a manner 
analogous to the tryptic fingerprints of 
protein (6). 

We have isolated mtDNA from maize 
with normal (fertile) and Texas male- 
sterile cytoplasm. When the mtDNA's 
from the two cytoplasms were subjected 
to restriction enzyme digestion and frag- 
ment analysis, the patterns were readily 
distinguishable. This distinction in frag- 
ment patterns has been demonstrated to 
be consistent by examining mtDNA 
from normal and Texas cytoplasms in dif- 
ferent genetic (nuclear) backgrounds. 
These results establish an association be- 
tween mtDNA and the Texas type male- 
sterile cytoplasm. 

Mitochondria were isolated from etio- 
lated maize coleoptiles as described (7). 
Mitochondria were treated with deoxyri- 
bonuclease I prior to lysis with I percent 
Sarkosyl. The DNA from such prepara- 
tions was centrifuged in cesium chlo- 
ride-ethidium bromide gradients (8), and 
mtDNA was obtained by collecting up- 
per (nicked) or lower (supercoiled) DNA 
bands. The authenticity of the nicked 
and supercoiled DNA was verified by 
electron microscopy (9). The DNA's 
were extracted with isopropyl alcohol to 
remove ethidium bromide and dialyzed 
against the buffers used in the restriction 
enzyme treatment. Occasionally the 
DNA was pelleted at 132,000g for 12 
hours, the supernatant discarded, and 
the DNA dissolved in the restriction buf- 
fer. Upper and lower bands were used 
for digestion; no differences could be de- 
tected in subsequent fragment patterns 
and hence upper and lower bands were 
occasionally combined. The mtDNA's 
were then digested with restriction en- 
donuclease RI from Escherichia coli (10) 
or dill from Hemophilus influenzae (11), 
9 JULY 1976 

Fig. 1. Agarose gel electrophoretic patterns of 
maize mtDNA's after digestion with restric- 
tion endonuclease RI from E. coli (A and B) 
or dlll from H. influenzae (C and D). The 
maize lines and crosses used as sources of 
mtDNA were as follows: (A) NC7 x T204(N); 
(B) NC7 x T204(T); (C) W64A(N); and (D) 
W64A(T). Only the first 5.5 cm of the 12- or 16- 
cm gels is shown; most of the pattern altera- 
tions occurred in this portion of the gel. 

and the resultant DNA fragments were 
separated by electrophoresis in 0.7 or 1.0 
percent agarose gels (12). Restriction 
fragments were visualized by fluores- 
cence after staining with ethidium bro- 
mide (13). 

The patterns obtained from digestion 
with dll revealed about 50 bands, while 
RI produced about 40 bands. The frag- 
ment patterns in the upper 5.5 cm of the 
gels (Fig. 1) show that the normal and 
cms T fingerprints are different. Al- 
though the cleavage patterns from the 
two restriction endonucleases are not 
similar, both nucleases generated frag- 
ment distinctions between the mtDNA's 
of normal and Texas cytoplasms. We ex- 
amined mtDNA from normal cytoplasm 
of three inbreds and two single crosses 
and found all the fragment patterns to be 
indistinguishable when cleaved by the 
same endonuclease. Similarly mtDNA 
from the same three inbreds and two 
single crosses but with cms T cytoplasm 
resulted in indistinguishable patterns af- 
ter treatment with the same restriction 
endonuclease (14). Although the two 

types of cytoplasm yield readily distin- 
guishable fragment patterns, there is con- 
siderable homology in the DNA's as evi- 
denced by the large number of common 
bands. 

Although these experiments were de- 
signed to localize the factors responsible 
for cytoplasmically inherited traits, they 
also provide unique evidence of uni- 
parental inheritance of the mitochondrial 
genomes. Similar experiments indicated 
that horse and donkey mtDNA were not 
inherited paternally (15). In our study, 
we had hybrids in which the male parent 
contained normal cytoplasm and the fe- 
male, Texas cytoplasm. Since the mt- 
DNA's of the two cytoplasms are distin- 
guishable, the parental DNA's are 
marked. The dill digestion pattern of 
normal mtDNA contains several frag- 
ments (Fig. 1, 4.5 to 5.1 cm) which are 
not present in the cms T pattern. These 
fragments effectively mark the male par- 
ent, and we have repeatedly been unable 
to observe these specific fragments in the 
progeny. The pattern of the mtDNA of 
the cross was always that of the female 
parent. The same conclusion was found 
for cms T inbred lines which must be 
maintained by repeated crossing with 
male-fertile (normal cytoplasm) lines. 

The purity of our mtDNA is an impor- 
tant concern. We examined our mtDNA 
by buoyant density determinations in 
neutral cesium chloride. Maize mtDNA 
is resolved as a single band with a den- 
sity of 1.706 g/cm3, which is typical of 
other higher plant mtDNA's (16). This 
density is different from that of maize nu- 
clear or chloroplast DNA's (17). We de- 
termined the buoyant density of the up- 
per and lower DNA bands obtained from 
cesium chloride-ethidium bromide pre- 
parative gradients and their densities 
were in agreement with the expected val- 
ue for maize mtDNA. In our prepara- 
tions the presence of sufficient nuclear 
DNA to influence the resultant patterns 
can be discounted because fragment pat- 
terns from upper and lower DNA bands 
were indistinguishable by our tech- 
niques. Furthermore, when maize nucle- 
ar DNA is digested by endonuclease and 
electrophoretically separated, no dis- 
crete bands are observed because of its 
complexity. Nonetheless, we cannot un- 
equivocally state that our preparations 
do not contain an alien DNA. The possi- 
bility of a DNA-containing virus or vi- 
ruslike agent in our maize lines is diffi- 
cult to eliminate. 

These results have important implica- 
tions. To our knowledge this is the first 
report of restriction endonuclease frag- 
ment analysis of any higher plant mt- 
DNA, and we think it demonstrates the 
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application of a technique which can be 
used in the analyses of cytoplasmically 
inherited phenomena. Our results show 
that a maternally inherited difference in 
mtDNA is associated with the Texas 
male-sterile cytoplasm. These observa- 
tions suggest that the factors condi- 
tioning cytoplasmic male sterility and the 
cytoplasmic inheritance of susceptibility 
to B. maydis and P. maydis are located 
on the mitochondrial genome. Although 
we cannot disregard chloroplasts or oth- 
er cytoplasmic DNA's as potential car- 
riers of these traits, the preferential ef- 
fect of the host-specific fungal toxins on 
mitochondria from cms T lines (5), to- 
gether with the restriction endonuclease 
data, constitute strong evidence that the 
mitochondrion is the organelle involved 
in the inheritance of the traits. 
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Department of Genetics, North Carolina 
State University, Raleigh 27607 
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Agricultural Research Service, 
U.S. Department of Agriculture, and 
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In polygynous mating systems the abil- 
ity to conquer or intimidate other males 
is an important component of male fit- 
ness (1). Despite the relative paucity of 
analytical studies of invertebrates, it is 
evident that sexual selection generates 
aggressive interactions within many 
groups of arthropods (2). Agonistic be- 
havior has been reported in male spider 
mites (3, 4), but its significance has not 
been recognized. We found that aggres- 
sive interactions between competing 
males of Tetranychus urticae Koch are 
frequent and that they determine the ulti- 
mate success or failure in mating. 

Spider mites are phytophagous colo- 
nizing organisms with a short life cycle 
(minimum, 10 days) (5) and a high in- 
trinsic rate of increase (6). In T. urticae 
the tertiary sex ratio is generally 3: 1 
(female to male) (6). While males are 
sexually capable throughout their adult 
lives, normally only teneral virgins are 
available as potential mates. As a con- 
sequence, the functional sex ratio is 
skewed toward males. Sperm from the 
first mating has precedence (7); there- 
fore, competition for mates is intense 
and male aggression is important. 

The mites used in our study were from 
the Ohio State University strain and the 
Sambucus strain (wild type and albino). 
The two genotypes of the Sambucus 
strain are sexually compatible and mat- 
ing is nonassortative (8). Cultures were 
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maintained on kidney bean plants and ob- 
servations were made on isolates on 12- 
or 17-mm bean leaf disks pressed onto 
wet cotton and kept under constant light 
at 27? ? 2?C. 

Female deutonymphs (penultimate in- 
star) spin strands of silk, settle on the 
leaf surface, and become quiescent dur- 
ing their final moult. Wandering adult 
males, guided by the silk webbing (9) and 
a sex attractant (4), discover the quies- 
cent females. These females become in- 
creasingly attractive over time (8), and 
as ecdysis approaches virtually all are at- 
tended. Males assume a characteristic 
guarding position, resting on the dorsum 
of the female with their forelegs across 
her body. 

Other males, on encountering the pair, 
often attempt to climb on top of the fe- 
male. If the first male fails to respond to 
the intrusion, the two become co-guard- 
ers, vying for the preferred position on 
the female. Usually, however, the resi- 
dent male does not tolerate the intruder 
and, if the challenger is persistent, a fight 
ensues. Agonistic encounters can be 
characterized, in order of increasing in- 
tensity and decreasing frequency, as fol- 
lows: (i) intruder retreating without,ag- 
gression; (ii) one-sided aggressive re- 
sponse or threat, usually by the guarding 
male, ending with retreat of intruder; (iii) 
moderate to intense aggressive inter- 
action involving both males and ending 
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Table 1. Size and success of male Tetranychus urticae in aggressive encounters. 

Number of fights in which winner was: 
Character Equal 2( ld.f.)* 
measured Larger size Smaller 

Length of tarsus 1 13 2 3 6.25 (P = .012) 
Length of tarsus 4 16 1 1 13.24 (P = .0003) 
Distance between 11 2 3 4.57 (P = .033) 

prodorsals II 

*Cases of equal size are not considered. 
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Aggression and Mating Success in Male Spider Mites 

Abstract. Male Tetranychus urticae search for and defend quiescent pharate Je- 
males. Intruding males may be threatened or attacked. Fights involve pushing and 
grappling with the forelegs, jousting with the mouthparts, and entangling the oppo- 
nent with silk. In these encounters larger males usually win. Sole possession of a 
female at her ecdysis virtually ensures successful mating. 
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