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Our knowledge of solpugid growth and development is fragmentary.
Croneberg (1887), Birula (1893-1894), Heymons (1904), Hingston (1925),
Lawrence (1947 and 1949), Junqua (1962), and Muma (1966a) have ob-
served egg deposition, incubation, and hatching and have also studied late
embryos and newly hatched solpugids. Only Hingston (1925), Cloudsley-
Thompson (1961), and Junqua (1962) have reported on the early instars.
Junqua (1958) stated that under optimum conditions Othoes sp. moulted
once a month for 10 moults, but under natural conditions it would probably
not moult more than three or four times a year to live about three years.
Cloudsley-Thompson (1961), on the basis of collected specimens of Gale-
odes arabs Koch (Galeodes granti Pocock according to Cloudesley-Thomp-
son, 1962) claimed that solpugids lived only about a year. Lawrence
(1963) stated that worn, blunt cheliceral teeth of old female solpugids
(Solpuga monteiroi Pocock, figured) suggested that they had lived for
several years. Muma (1963), on the basis of systematically collected
specimens, suggested that North American solpugids have a one-year life
cycle. The exact life cyele and growth stages are not known for any
species.

The present report is the result of a three-year study (1963-1965) of
Eremobates durangonous Roewer from the San Simone Valley of south-
eastern Arizona and southwestern New Mexico.

1 gratefully acknowledge the assistance and encouragement of Mr.
Vincent A. Roth, Director of the American Museum of Natural History's
Southwestern Research Station, Portal, Arizona, the technical assistance
of Mrs. Thelma G. Kanavel, my laboratory technician during most of the
project, and the photography of Mr. Allen G. Selhime, ARS, Ent. Res.
Div., Orlando, Florida.

METHODS

Males, females, immatures, and eggs were collected in the field and
studied primarily under controlled laboratory conditions. Most of the
eggs that produced experimental specimens were deposited in the lab-
oratory.

Eggs were incubated at 60, 70, 80, and 90° F and 709 relative hu-
midity. Immature instars were held primarily at 80° F and 70% relative
humidity, but some specimens, for comparative purposes, were held at
90° F and 709% relative humidity, and a few were held at 40, 50, and 60°
F and an undetermined relative humidity. Adults were held at 80° F
and 709% relative humidity.

The staple diet of most specimens was the termites, Reticulitermes
hageni Banks, R. tibialis Banks, and Gnathamitermes perplexus (Banks).
Comparable specimens also received larvae, pupae, and adults of a meal
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worm, Tenebrio sp., and miscellaneous insects and spiders. Some were
also fed termites dusted with yeast hydrolysate. A few specimens in
their early instars were fed miscellaneous arthropods sifted from soil
debris.

Laboratory data were supplemented by and collated with field collec-
tions and observations. TField temperature data for the collection area
were obtained from summary reports of the U. S. Weather Bureau.

Solpugids maintained under laboratory conditions for an extended
length of time lost their highly energetic, ferocious behavior and became
“tame.” Taming involved a lassitude concerning feeding, burrowing, and
fighting and usually preceded death. Few specimens could be reared
through more than three moults. Therefore, the data on early stadia of
specimens reared from incubated eggs were obtained from direct experi-
mental evidence. Data on late stadia were obtained in two ways. First,
laboratory-reared and partly grown field-collected specimens were reared
through as many moults as possible to produce temporal data on late
stadia. Then, the chelicerae and propeltidia of all immature preserved
specimens were measured for length and width, and the data were plotted
on a scattergram so that the stadia could be identified by the resultant
groupings.

RESULTS

Field data obtained during June, July, August, and September in 1963,
1964, and 1965 produced the following information. Males appeared in
late July, became abundant during August, and disappeared in early Sep-
tember. Females appeared in early August, became numerous in late
August or early September, and disappeared in late September or early
October. An egg mass was found in early September. Late nymphs were
active in June, July, and August.

Laboratory observations, rearings, and experiments enabled positive
identification and determination of duration of eggs, post-embryos, and
the first five nymphal instars. The processes of egg hatching and moult-
ing, the duration of late nymphal instars, and the longevity of adults were
also observed under laboratory conditions.

A combination of field and laboratory data properly related to the
ambient temperatures recorded by the U. S. Weather Bureau at four sta-
tions in the San Simone Valley (Table 1) have indicated the following
annual life cycle.

Eggs—This is a summary of egg data published by Muma (1966a),
supplemented by later, unpublished data.

E. durangonus laid one to five egg masses that varied in egg mum-
ber from 20 to 164 with a mean of 64 (Fig. 1). Fertile eggs were a
grainy off-white color with microscopic truncate papillae on the chorion.
They were subspherical in shape with mean diameters of 1.57 and 1.65
mm. Sterile eggs were similar in size and shape but developed a yellow
cast and usuaully collapsed or shriveled within a day or two of deposition.

First egg masses contained nearly 1009 fertile or 1009 sterile eggs
with a mean hatch of 469%. Second and third egg masses usually con-
tained a high percentage of sterile eggs with a mean hatch of 16%, and
the fourth and fifth masses were totally sterile. Variation of incubation
temperature produced variation in mean per cent hatch and period of
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incubation. At 90° F 34.7¢% hatched in 21 days, at 80° F 557 in 28
days, at 70° F 34.0 % in 40 days, and at 60° F only 0.3% (1 egg) in
28 days. The latter temperature was apparently near the critical low for
development because a 16.19 hatch was obtained in one to nine additional
days when the temperature was raised to 90° F. The incubation figure
given in Table 2 represents an average of those obtained at 80 and 90° F.

TABLE 1.-—~MEAN MONTHLY TEMPERATURES FOR 1963 AND 1964 AT Two
ARIZONA AND Two NEw MEXICO WEATHER STATIONS THAT ENCOMPASS
THE SAN SIMONE VALLEY.

Mean Temperature (°F)

Arizona New Mexico

Year Month Bowie Douglas Animas Rodeo Average

1963 Jan. 42.0 45.9 40.3 43.4 42.9
Feb. 50.2 52.6 46.5 49.6 49.7
March 53.8 56.1 52.4 53.1 53.8
April 61.4 62.6 59.4 59.4 60.7
May 72.2 72.0 69.7 70.5 711
June 76.8 77.0 74.5 78.0 76.6
July 83.5 82.7 80.3 81.8 82.1
Aug. 76.9 78.3 74.2 75.1 76.1
Sept. 75.2 76.3 71.5 73.3 74.1
Oct. 65.6 67.0 62.8 64.2 64.9
Nov. 52.4 53.8 50.4 52.0 52,1
Dec. 43.0 46.5 40.8 42.2 43.1

1964 Jan. 39.8 42.1 39.9 38.0 39.9
Feb. 42.3 42.9 40.0 39.5 42.2
March 50.5 52.2 49.6 49.6 50.5
April 59.4 60.1 57.4 57.8 58.7
May 68.3 69.6 68.4 67.1 68.4
June 76.0 77.6 75.4 74.8 75.7
July 81.5 82.1 80.7 79.9 81.1
Aug. 78.0 78.4 717.5 76.4 77.6
Sept. 71.0 72.9 70.9 69.4 71.1
Oct. 64.3 65.2 62.8 61.4 63.4
Nov. 484 51.4 48.0 48.3 49.0
Dec. 44.2 48.0 44.2 42.3 44.7

Ten to 14 days prior to hatching, the eggs collapsed on one or both
sides and developed a pair of poorly defined, brown-lined, convergent ridges
and two dark spots. Two or three days prior to hatching, the lines be-
came identifiable as long peltidial and abdominal setae, and the dark
spots, as embryonic eye-spots.

Egg masses were deposited in burrows under both field and laboratory
conditions. Many females were dug out of shallow burrows in the fleld
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but only one, at a depth of 114", was associated with eggs. Several gravid
females were dug out of deep burrows, but no eggs were found. In the
laboratory, several females deposited eggs on the bottom of terraria at
depths of 2” to 3”. The egg-burrows are probably much deeper under
natural conditions.

TABLE 2.—EXPERIMENTAL AND ESTIMATED LIFE CYCLE OF
Eremobates durangonus.

Develop- Estimated
mental No. No. of Days to Develop months
stage indiv. Range Mean** Estimatedt  active

Egg 914 18-33 25 28 Aug. - Sept.
Post-embryo 204 5-12 8 14 Sept. - Oect.
Nymph, 1st 295 5-12 3 14 Sept. - Oct.
2nd 37 12-42 25 35 Nov. - Dec.
3rd 3 18-118 51 56 Dec. - Jan.
4th 2 19-27 23 28 Jan. - Feb.
5th 1 26 26 35 Feb. - March
6th 19-61 34 42 March - Apr.
7th 19-61 34 42 April - May
22
8th 19-61 34 35 May - June
9th 19-61 34 35 June - July
Total 200-574 302 364
Adult @ 71 1-73 33 35 Aug. - Oct.
I 56 2-36 11 14 July - Sept.

*Days longevity in the laboratory for adults.

**At 80 F. except for eggs, post-embryos, first nymphs, and second nymphs which
were held at 80 F. and 90 F.

+Based on weeks to complete development at ambient San Simone Valley temperatures.

Post-embryos.—Newly hatched E. durangonus were translucent white,
except for pale yellow abdomens, and appeared to be still in an embry-
onic state, Fig. 2. Both fingers of the chelicerae were immovable and
possessed poorly defined teeth. There was a spine-like egg burster on
the upper margin of the upper cheliceral finger. The eye-spots were not
associated with an eye tubercle. The legs lacked tarsi and tarsal claws.
There were no malleoli, racquet organs, on the trochanters of the fourth
legs. Long, slender curved setae occurred on the lateral margin of the
propeltidium and anterior seven abdominal segments.

Hatching lasted from 20 to 30 minutes. A V-shaped opening in the
chorion above the chelicerae widened into a split about half the width
of the egg as the post-embryo alternately stretched and coiled dorso-
ventrally. This action resulted in an alternate erection and deflection
of the long peltidial and abdominal setae and emergence of the chelicerae,
peltidia, and palpi from the egg before the legs and abdomen. Although
the chorion ridges, and the erection and deflection of the long setae sug-
gest that Lawrence’s (1947) deduction concerning the egg-bursting funec-
tion of the setae may be correct, this could not be positively determined
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from observations of hatching. It is also possible that the setae merely
facilitated emergence from the egg.

When the post-embryos are free of the eggs, they squirm and wiggle
a few millimeters from the mass. Movement is spasmodic and clumsy
and is associated with long periods of quiescence. Such movement recurs
at infrequent intervals during the entire stadium. Some post-embryos
fail to entirely free themselves from the eggs or fall from the eggs on
their backs and cannot move away. Such action may not be necessary
or even possible in the natural subterranean egg chambers. Movement
apparently is not necessary to development, as trapped or immobile post-
embryos moulted to the first nymphal instar in the same period of time as
motile nost-embryos.

Post-embryo development in the laboratory was completed in 7 to 12
days with a mode of 9 and a mean of 10 at 80 F and in 5 to 12 days with
a mode of 6 and a mean of 6 at 90 F. The figures given in Table 2
represent an average. Mortalities during this stadium varied from 0 to
58¢, for 12 egg masses. Since the ambient mean temperature of the San
Simone Valley during September is 73 F, it is likely that post-embryos
complete development in about two weeks under natural conditions.

Post-embryo ecdysis is preceded by deflection of the chelicerae, palpi,
and legs below the plane of the body. A swelling of the body in the pel-
tidial region results in a transverse rupture of the body wall in the region
of the eyes. Further deflection of the chelicerae, swelling of the peltidia,
and squirming frees the peltidia and forces the exuvium downward and
backward off the chelicerae, palpi, and the first three pair of legs. The
exuvium is forced backward along the abdomen by an upward and down-
ward bending of the abdomen and a lifting and twisting of the trapped
fourth legs. When the fourth legs are freed, a swelling and contracting
of the abdomen forces the exuvium backward off the body. Some speci-
mens carry the exuvium on the terminal segments of the abdomen for
several days until it shatters free or falls off. Post-embryo ecdysis was
completed in 20 to 40 minutes.

Nymphal Instars—E. durangonus nymphs resembled adults in form
and color. Laboratory rearings indicated the existence of at least eight
nymphal instars. Furthermore, the cheliceral and propeltidial scatter-
grams demonstrated 9 or 10 instars. Table 2 presents the life cycle as
including nine instars, which adequately fit an annual term when ambient
temperatures are considered. Further, this number agrees with the pub-
lished findings of Junqua (1958) for Othoes sp. It should be stressed,
however, that the exact number of nymphal instars is not known and
may be 8, 9, or 10.

First-instar nymphs were reared at laboratory temperatures of 80
and 90 F. The figures given in Table 2 represent an average. At 80 F,
developmental time varied from 6 to 12 days with a mode of 9 and a mean
of 8.8. Mortalities of individuals from different egg masses ranged from
10.5 to 51.7%. At 90 F, developmental time varied from 5 to 8 days
with a mode of 6 and a mean of 6.2. Mortalities of individuals from
different egg masses ranged from 0 to 25.09%. Although first-instar
nymphs were offered a wide variety of small soft-bodied arthropods as
food, they refused to eat.

Several egg masses laid in egg chambers in laboratory terraria were
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incubated i situ. Solpugids reared from such masses appeared on the
surface of the substrate in the second-nymphal instar which indicated that
first-instar nymphs do not burrow. First-instar nymphs held separately
in petri dishes usually huddled in small cavities in the substrate but were
always visible for observation. However, they moved readily when dis-
turbed and exhibited defense reactions.

Second-instar nymphs were reared at laboratory temperatures of 80
and 90 F. Experimental mortality was exceptionally high in this sta-
dium. Only 37 of nearly 200 were sucessfully reared to the third instar.
Seventeen completed development at 80 F in a minimum of 24 days, a
maximum of 42, a mode of 41, and a mean of 33.5. Twenty completed
development at 90 F in a minimum of 12 days, a maximum of 41, a mode
of 13, and a mean of 16.8. The figures given in Table 2 are an average.

Due to high second instar mortality during routine rearing studies,
special tests were conducted to determine the cause for mortality and to
circumvent it,

First- and early second-instar sibling nymphs exhibited a peculiar re-
current clustering behavior. Therefore, an attempt was made to rear
second-instar sibling nymphs in groups of three and five. Survival and
development were not appreciably improved over that obtained with iso-
lated specimens, but they were observed to cannibalize each other and to
practice communal feeding on termites as reported by Muma (1966b).

Several feeding tests were conducted. Survival and development were
comparable when second-instar nymphs were fed one, two, or three ter-
mites a day. Specimens fed termites dusted with yeast hydrolysate did
not survive or develop appreciably better than those fed termites alone.
Specimens fed minute insects and arachnids screened from leaf mold sur-
vived and developed, but not better than those fed termites. Second-instar
nymphs reared at 80 and 90 F frequently lost terminal palpal and leg
segments in combats with termites. Such injuries decreased greatly at
60 and 70 F and disappeared entirely at 40 and 50 F. The lower tempera-
tures did not, however, improve survival and development.

Two temperature tests were conducted. Five specimens frozen for
three days and four specimens frozen at 20 to 30 F for five days all sur-
vived but failed to develop to the third instar. Three second-instar nymphs
subjected 11 times to a temperature gradient indicated a preference for
83 to 94° F, much higher than the ambient San Simone Valley temper-
atures during September and October, but near laboratory-rearing tem-
peratures.

Substrate tests on 41 specimens demonstrated that although this instar
burrows readily to depths varying from 1% to 1”7, burrowing is not essen-
tial as such to survival. Survival and development were comparable
whether the substrate was %, 14, %, or 1” deep.

The apical third of the right palpus of 11 second-instar nymphs was
surgically removed to test the effect on survival and development. The
specimens walked, fed, and burrowed, but were much more susceptible to
injury by termites and did not complete development to the third nymphal
instar.

A summary of the laboratory data indicated that second-instar nymph
fight, feed, and burrow in the same manner as adults. They prefer temper-
atures between 80 and 90 F but remain active at temperatures as low as



Muma: Life Cycle of E. durangonus 239

2 3 4

Fig. 1-6. Eremobates durangonus. Fig. 1. Eggs, 2.7X. Fig. 2. Re-
cently hatched post-embryos, 4.3X. Fig. 3. Late nymph premoult, 2.5X
Fig. 4. Same nymph, post-ecdysis, 2.6X. Fig. 5. Male, 2.5X Fig. 6. Gravid

female, 1.9X.
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40 F and can survive freezing. They are, however, quite susceptible to
injury and mortality by predation and cannibalism.

Since few specimens were reared beyond the second nymphal instar,
little biological information is available on the third, fourth, fifth, and
later instars. Direct data from three laboratory-reared specimens and
22 field-collected specimens indicated a 20 to 50-day developmental period
for late instars. The mean duration of second, third, fourth, and fifth
nymphal instars given in Table 2 was obtained at 80 F. Duration of these
instars would probably be lengthened by the much lower ambient tempera-
tures that existed in the San Simone Valley from December to March in
1963 and 1964, Table 1. Such is indicated in Table 2 by the mean total
of 302 days to complete a life cycle. These instars probably take one
to two months longer to complete development under field conditions.

Scattergrams based on the length and width of the chelicerare and
length and width of the propeltidia indicated eight well-defined and one
poorly defined instar. Instars one through eight were indicated by com-
pact, easily identified linear groupings on both scattergrams. The ninth
grouping, however, was broad and loose, with a tendency to be bimodal
on both scattergrams. Although a tenth nymphal instar may exist, it
seems more likely that variation in this, the penultimate instar, is indica-
tive of the sexual dimorphism of adults. Morphologic study of nymphs
did not produce any further evidence of dimorphism except that nymphs
one through four exhibited three pairs of malleoli, and nymphs five
through nine, five pairs, the normal adult number.

From 5 to 14 days (mean, 9 days) prior to ecdysis, an immature sol-
pugid digs a burrow and becomes quiescent, Such solpugids have never
been excavated in the field, which suggests that moulting burrows are
deep. At this time, the body becomes recurved, and the palpi and legs
are held above the body and angled posteriorly (Fig. 3). This condition
has been reported by Hingston (1925), Junqua (1958), and Cloudsley-
Thompson (1961), although Hingston misinterpreted it as a hibernation
state. In this position, all parts of the body and appendages are held
rigidly except for the abdomen, which is capable of a rotary waving
motion. Just prior to ecdysis the chelicerae, palpi, and legs are deflected
below the body plane and moulting then proceeds as indicated above for
post-embryos. Following a moult, the solpugid lies helplessly for 12
to 24 hours before the body wall again becomes hardened (Fig. 4).

Adults.—Male solpugids complete development to the adult stage one
to several weeks earlier than the females. This was demonstrated
numerically by Muma (1963) and has been corroborated in the present
study.

E. durangonus males (Fig. 5) appeared in the field in late July and
early August and persisted until early September. Females (Fig. 6)
appeared during August and were found as late as October. Specimens
reared in the laboratory exhibited the same relationship; males matured
one to three weeks earlier than females.

Within 12 to 24 hours after moulting to maturity, adult solpugids were
capable of walking, running, burrowing, and mating. They did not, how-
ever, show any inclination to use the palpal organs in climbing for a
day or two, and they did not feed for two or three days. Males did not
feed or burrow as extensively as females (Muma 1966b and 1967). Under
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laboratory conditions, males were induced to mate several times but
females only one or two times (Muma 1966¢c).

The earlier collection and disappearance of males in the field indicated
a shorter longevity for males than for females. Laboratory longevity
data obtained with 56 males and 71 females are presented in Table 2.
Most of these specimens were field-collected and of an unknown age, but
some were laboratory-reared, and adults from both sources exhibited the
same longevity. Males lived an average of slightly less than two weeks,
females from four to five weeks. Because of the earlier emergence and
shorter life of males, several laboratory-reared males and females ma-
tured when the other sex was not available for mating. These few un-
mated males and females lived much longer than mated specimens, males
up to 7 weeks and females up to 10 weeks.

SUMMARY

A three-year study of Eremobates durangonus from the San Simone
Valley of southeastern Arizona and southwestern New Mexico has resulted
in the determination of its life cycle.

Females deposit one to five egg masses that average 64 eggs per mass
during the months of August and September. The white subspherical
eggs hatch in three to four weeks into an embryo-like, morphologically
incomplete, inactive stadium. These post-embryos moult in about one
week to non-feeding, adult-like, first-instar nymphs. The first nymphs
also complete development in about one week and moult to a burrowing,
feeding, adult-like, second-instar nymph. The second and all succeeding
instars complete development in an average of three to seven weeks. The
species overwinters during the second through the fifth nymphal instars.
Winter temperatures probably decrease, but do not arrest, rates of de-
velopment of these instars since solpugids remain active and feed at
temperatures as low as 40 F. Existence of eight nymphal instars has
been determined by laboratory rearing, but time and morphologic features
indicate a ninth instar that completes development during late June and
July and moults to the adult stage. Adult males are active during late
July, August, and early September, females during August, September,
and early October. Males mature early and live an average of only two
weeks; females mature late and live an average of five weeks. When
allowances are made for reduced rates of development during the winter
months and for the time required for mate-searching, mating, and ovi-
position, the life cycle can be computed to be annual.
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NOTICE

The Institute of Food and Agricultural Sciences, University of Florida,
is sponsoring the First Annual Pest Control Conference, to be held 14-16
February 1967, University of Florida, Gainesville. This conference will
deal primarily with the pests of crops and livestock. It is open to the pub-
lic and is directed primarily toward persons making pest control recom-
mendations. Dr. W. G. Eden, Chairman of the Department of Entomology,
is Coordinator for the conference.
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