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ABSTRACT

Laboratory and field investigations of the bionomics of western 
American black widow spiders, Latrodectus hesperus Chamberlin and Ivie, 
were conducted in Phoenix and Tucson, Arizona. A brief survey of the 
literature and general rearing techniques are presented. General obser

vations of the reproduction, habitat, and prey capture strategies of 

this spider are included. Courtship and mating experiments suggest that 
complementary sex pheromones are incorporated into the silk of both 
sexes. Scanning electron micrographs reveal presumed chemosensitive 
hairs thought to detect the pheromones. New courtship patterns are 
presented. Temperature dependent developmental studies were conducted - 
on the egg and first instar. A j-shaped time curve and sigmoid rate 

curve are eye-fitted to the data. The peak and optimum temperatures 
for egg development are 35.5°C. Temperatures of 28°C and above elicit 
rapid egg development and enhance viability but are responsible for low 
survivorship of subsequent growth stages. Nymphal mortality is tempera
ture dependent. Probing tactile experiments indicate that adult females 
are more likely to bite when the cephalothorax is contacted and when 
food-deprived or guarding egg sacs. Pressure experiments indicate a 
propensity to bite when repeatedly and violently pressured. Sampling 

studies revealed that black widows prefer habitats associated with man 
over natural desert habitats.
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CHAPTER 1

INTRODUCTION

Black widow spiders of the genus Latrodectus Walckenaer are 

distributed on every continent of the world where they are known by 
many different common names. Although the nine species in the genus 

are usually prevalent in tropical and semi-tropical regions, our three 

important North American species range into temperate zones. The 
females of Latrodectus are the .largest spiders in the family Theridiidae 
and the only members of this family capable of envenomizing vertebrates 
(Levi 1959). The adult females are characterized by a large subglobular 
abdomen, legs of medium length, and chelicerae with no teeth. The 
ground color is black or dark brown with variable bright red markings ' 
on the dorsum characteristic of each species. The ventral red pigmenta

tion on the abdomen of North American species ordinarily takes the shape 
of an hourglass; hence the older vernacular name "hourglass spider".

The venom of Latrodectus spp. has long been known to be poisonous
\

to man, and its effects are feared by native peoples worldwide. This 
universal apprehension of these spiders is reflected by the abundance of 

colloquial names given them by natives throughout North, Central, and 
South America and in other parts of the world (Chamberlin and Ivie 1935). 
The occurrence of so many common names implies wide recognition of the 
injurious properties of this group of spiders.v

1



2
The black widow spider was first described from America by 

Fabricius in 1775 as Aranea mactans (Harms9 Bailey,and Maclvor 1935)„ 
-Juhe earliest substantiated reports of human envenomiz at ions in the U. S. 
appeared simultaneously in the southern states and California in 1889* 
During the remainder of the 19th century no less than 150 alleged cases 
were reported by physicians (Bogen 1926), But evidence linking the 

black widow spider to these envenomizations was still circumstantial, as 
no thorough research of the life history, ecology, or toxin of this 

spider had then been undertaken*
The phenomenon of latrodectism was first studied in a modern 

scientific manner by W. J. Baerg in two publications (1923a,— b). Baerg 

investigated the effect of black widow bite on rats and on himself, 
giving the first comprehensive descriptions of the characteristic
human symptoms. He also took measurements of the poison production „

' -

and injection apparatus of males and females and reviewed what was 

known of the distribution, life history, and habits of these spiders. 
Shortly thereafter, Emil Bogen systematically analyzed 380 cases of 
black widow arachnidism and experimentally determined the toxic effects 
on small animals (Bogen 1926, 1932). Bogen failed in his attempts to 
isolate the active toxic agent. Another medical doctor, A. ¥. Blair, 
published a comprehensive summary of the facts known about these spiders 
and their venom and allowed himself to be bitten (Blair 1934a,— b) .
Blair analyzed the human symptomology in great detail.
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These important works stimulated further research on black 
widows and resulted in the production of a number of monographic 
studies during the 1930?s. Concurrent with this newfound concern among 
researchers was a surge of interest in popular circles. Hence, this 
decade produced a wealth of literature, both popular and scientific, 
addressing itself to the bionomics and toxic capabilities of black widow 

spiders.
Lawson (1933) detailed the ovipositional procedure and gave 

the first complete description of the developmental stages of a black 
widow. Chamberlin and Ivie (1935) reviewed the characteristics of the 
genus Latrodectus and briefly considered the life history and habits 
of I j . mactans. They discussed the contemporary information on the 

properties of the venom and described three varieties of U. S. black 

widows. This was the first indication that American black widows might 
be a complex of species. In this same year, a monograph by Herms, 

Bailey, and Maclvor (1935) appeared. This was the most comprehensive 
account of the biology of U. S. black widows to date. These authors 
also considered the nature of the venom, its effects on man, and current 
control practices. A further contribution in 1935 was provided by 

C. E. Burt. This paper was significant in that it presented thorough 
distributional records for the U. S.

In the following year, a major work by D fAmour, Becker, and 
Van Riper was produced (1936). This monograph again addressed itself 
to the natural history, reproduction, and development of our indigenous 
black widows. Exhaustive toxicological studies were also presented.
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Most important5 however9 were two questions entertained in the discussion, 
namely, (1) are black widows increasing greatly in numbers, and (2) is 
their habitat changing from rural to urban in nature. More than forty 

years later, these questions are still pertinent.

Within a short period of time Gowanloch (1943) published an 
article which reviewed all the aspects of black widow natural history. 
Gowanloch also discussed appropriate control measures for reducing 
populations in high risk areas.

Since the 1930Ts more specific studies have been undertaken to 
elucidate the basic morphological and developmental characteristics of 
the black widow spider. Notable works include a life table (Deevey and 

Deevey 1945), a developmental study of the immature stages (Deevey 1949), 
detailed analyses of the embryology and morphology (Rempel 1957; Whitehead 
and Rempel 1959), and a description of the molting sequence (Hagstrum 

1968)o Also researched to a great extent during this time period has 
been the pharmacology of Latrodectus venom (see Palmer 1975 for 
references).

The study of the ecology and taxonomy of American black widows 

entered the modern era with the works of B. J. Kaston (1968 and 1970).
His latter publication contains a wealth of original observations and 
is the most comprehensive and thorough review of all areas of black 
widow natural history to date. His most important contribution, 
however, was to clear up some of the considerable taxonomic confusion 

in this genus. Kaston proposed that the American species Ij. mactans 
in fact comprises three distinct species, L. mactans (Fabricius),
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lu. hesperus Chamberlin and Ivie3 and L̂. variolus Walckenaer. His 
conclusions are based on sound morphological and behavioral evidence 
and will be adhered to throughout this thesis.

Despite the voluminous literature on the subject3 there are 
still important details of the behavior3 ecology3 and development of 
the black widow spider which necessarily must be explained in order 
to fully understand this complex creature. Such an'.understanding will 
enhance efforts to improve control methods for areas where large 
populations of these spiders are undesirable. Secondly, by increasing 
our knowledge and awareness of an organism which is greatly feared 

by the general populace, we are taking steps to abate these fears. 
Finally, the pursuit of scientific knowledge, for the sake of becoming 

better acquainted with the environment of which we are a part, is in 
my opinion a worthy endeavor.



CHAPTER 2

GENERAL METHODS.

Western American black widow spiders 3 Latrodectus Hesperus? 
of both sexes and all growth stages were collected in the Phoenix and 
Tucson, Arizona areas in the fall of 1977 and the spring and summer 
of 1978. These specimens were transferred to the Tucson laboratory 
where they were kept in 6 oz. clear glass vials with plastic snap-caps. 
All biological functions except mating could be normally exercised in 
these enclosures. Mating was staged in larger containers. The spiders 

were fed a diet of pink bollworms (Pectinophora gossypiella) and 
mealworms (Tenebrio sp.) at regular intervals. They were not provided 
water. When egg sacs were constructed they were removed and placed 
in separate vials. The emergent spiderlings were allowed to cannibalize 
each other until a few third or fourth instar immatures remained; these 
were then isolated in their own vials. Several specimens of _L. mactans 
were acquired from east central Oklahoma, near Okemah. These spiders 
were provided for in an identical manner to those above.

For morphological studies, parts of mature males and females 
were mounted on aluminum pegs with double stick cellophane tape, vacuum 
coated with gold-palladium, and observed on an Etec Autoscan scanning 
electron microscope. Scanning electron micrographs were produced with 
Type 55 pos-neg Polaroid film.

6



Field observations of greater than 60 urban microhabitats were 
conducted in the Phoenix and Tucson areas in the fall of 1977 and the 

spring of 1978. The dimensions of the webs9 the direction in which 
they were facing, and the age, sex, and position of the inhabitants 
were noted. These field observations took place during daylight hours
and at night.



CHAPTER 3

GENERAL OBSERVATIONS

The following observations of the behavior, habitat, and 
reproduction of the black widow spider, Latrodectus hesperus, have 
been made during the course of field and laboratory studies in 1977 
and 1978. These remarks are based on observation of 300 laboratory 
reared specimens and investigation of over 60 natural web-sites in 
the Phoenix and Tucson areas.

Egg Sacs and Emergence
The egg sacs of Ii. hesperus are usually pear-shaped or oval, 

creamy yellow to light tan in color, and have a tough, papery texture 
(Kaston 1970; Herms et.al. 1935). The average diameter is 11 to 14 mm. 
There is, however, a great deal of variation in these characteristics, 
as was recognized by Smithers (1944) for Ij. indistinctus Cambridge. 
Observations of 73 laboratory constructed egg sacs showed that the size 
is highly variable and that the color may range from off-white to brown. 

The size is usually an indication of the number of eggs contained within. 
The texture and toughness are also variable. Some of the egg sacs are 
soft and easily collapsible,‘ being almost translucent. More commonly 

they are tough and rigid, affording the eggs a substantial measure of 

protection. *Kaston (1968) depicts a number of abnormal egg sacs for 
this species.

8
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Lawson (1933) reported that a laboratory reared female of 

L.. mactans made nine egg cases in one summer. Kaston’s (1970) record 
for L. hesperus is 21. Robert L. Smith (1979, urban entomologist, Univ. 
of Arizona, pers. comm.) noted 9 egg cases in the web of a female of 
this species, whereas the usual seasonal production for well-fed labora
tory specimens is about five or six. The-mean number of eggs per sac 
based on examination of 52 egg sacs is 158.7±46.7, somewhat less than 
the range of 160 to 225 given by Kaston.

Judging from the lab constructed egg sacs made by previously 
mated females, it appears that ovipositional behavior is mainly a 

function of photoperiodic stimuli. Egg sac construction was common in 
the months May through October and much less common in November. Very 
few sacs were made in December through February, and no spiderlings 
emerged from them. Regular oviposition recommenced in April. The 

laboratory temperatures were constant within the range 70-75°F. Arti
ficial lighting was provided from 8:00 a.m. to 5:00 p.m. on weekdays, 

while a window allowed sunlight into the lab. Egg-laying is also 
dependent on the nutritional state of the female.

Black widow females are usually described as giving some amount 
of parental care to. the egg sac between oviposition and emergence (D ’Amour 
et al. 1936). They can frequently be seen with their legs around the egg 

sac, and they may move it up to the retreat as night approaches. It is 
noted, however, that only rarely does a mother try to protect the egg sac 

when it is being removed from the web. A common reaction is for the 
female to escape as rapidly as possible. In one instance, an undisturbed 
female cut a normal egg sac from the web shortly after oviposition.



10
The time required from oviposition to emergence of the second 

instar spiderlings is temperature dependent (see Chapter 5). Smithers 

(1944) reports that the young of L. indistinctus and Lo geometricus 
Koch emerge at regular 28-32 day intervals from oviposition in December 
(summer) in South Africa. Kaston (1970) states that the mean time 
required by L. hesperus at ambient temperatures is 30.3^2.8 days.
Under similar conditions spiderlings in our lab required an average of 
33.6^ 4.2 days before emergence.

In none of the egg sacs observed did "all the eggs hatch. Since 

the percentage of inviable eggs seems to be determined to some extent by 
temperature (see Chapter 5)5 it is not a simple matter of non-fertiliza
tion leading to inviability. Of 24 egg sacs collected in the field, 8.3% 
were totally inviable (no emergence). Of 73 egg sacs observed in the 
laboratory, 10.9% were totally inviable. Upon internal inspection of 
these sacs, two distinct situations were identified.

Five inviable egg cases were found to contain the shriveled 

carcasses of second or third instar spiderlings. Apparently these 
immatures were simply unable to cut an emergence hole. Kaston (1970) 
reports that when only a few eggs develop the spiderlings do not emerge. 
Although all the spiderlings in an egg sac normally emerge through a 
single hole cut by one or two individuals, there seems to be a critical 
number needed to initiate this activity.

Examination of ten other inviable egg sacs revealed what are 

presumed to be unfertilized eggs. These eggs were small (0.5 mm 
diameter), hard, and dark yellow in color. They were still cemented 
together in a mass by the colleterial fluid.
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Feeding on inviable eggs by spiderlings in the egg case is a 

common phenomenon in several families (Valerio 1974)» This feeding is 

usually effected by first instar (quiescent) nymphs. This is obviously 
not the case for Ij. hesperus and other theridiAds whose first instar 
nymphs are feeble and lack functional mouthparts. I have observed 
second instar _L. hesperus feeding on eggs, and Valerio (1974) reports 
the same for Achaearanea tepidariorum, another theridiid. Kaston (1970) 
states that black widows in the post-quiescent instars feed on eggs in 

the egg case and in some instances may subsist on these through several 

moltso
Considering that the presumable function of the quiescent instar 

is to feed on inviable eggs (Schick 1972), this stage seems to have no 
adaptive value for theridiids. Indeed, additional mortality may be 
predicted because of unnecessary exposure (Gertsch 1949). Consequently, 
there seems to be a tendency in this family toward a reduction in the 

length of the quiescent first instar (Valerio 1974). Accordingly, the 
duration of this stage in I*, hesperus is brief (Chapter 5).

A possible advantage of the theridiid system is that there is 
a time lag between eclosion of the first nymphs and occurrence of the 
first molt (resulting in functional mouthparts). Because there is a 
range in hatching times of individual eggs, this system safeguards eggs 
which develop slower, and ensures that only inviable eggs are consumed.

Emergence ordinarily occurs through a single emergence hole about 

1 mm in diameter (Gowanloch 1943; Fig. 3.1a) . When I viewed them under 
a dissection microscope, I noted that the spiderlings move their chelicerae
about the perimeter of the emergence hole, that these mouthparts glistenv
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FIGURE 3.1a. EMERGENCE OF SECOND INSTAR SPIDERLING FROM EGG SAC. 
All of the spiderlings usually emerge through a single hole 
cut by one or two individuals.

FIGURE 3.1b. SEALED WOUND ON ABDOMEN OF FEMALE. The injury was 
inflicted by the leg spine of a grasshopper.
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as though wet9 and that the silk border appears to have been dissolved. 
Kaston (1970) ̂ reports similar observationsApparently the spiderlings 
are regurgitating a proteolytic enzyme. Such an enzyme is used later 
in life to dissolve the host tissues when feeding.

As the spiderlings escape they trail silk lines behind them, 
soon leaving^a network of threads radiating from the emergence hole.

They actively explore the surroundings but frequently return to the 
egg sac, climbing about on it and touching legs with the spiderlings 
that have not yet freed themselves.

The newly emerged spiderlings linger in the area of the egg 
sac for a few days (Gowanloch 1943); this is the closest that black 

widows come to sociality. The fragile, net-like web appears to be a 

group effort, and when a small insect becomes caught several spiderlings 
can be observed, binding it and feeding on it together. Cannibalism is 

also rampant at this time.
The spiderlings held in laboratory containers exhibited two 

strong taxes in these early days. They tended to cluster toward the 
top and toward the lighted side of these containers. When the enclosures 

were rotated 180° the spiderlings redistributed themselves again toward 
the lighted side within 24 hours. Clearly, the second instar immatures 
are negatively geotactic and positively phototactic. This is significant 
biologically in that it is related to this species’ means of dispersal.

Dispersal of black widows, as in other web-spinners, is accom
plished by "ballooning". The young spider climbs to the top of a 
prominent structure, lifts its abdomen in the air, ejects a band of silk,.
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and releases its foothold. It is then carried off in the wind for 

considerable distances to colonize new areas. These dispersing spider- 
lings often fall on the decks of ships at sea near Hawaii (Illingworth 
1931). Smithers (1944) reports that L̂. indistinctus spiderlings remain 
together on their communal web until favorable weather conditions 
prevail. At this time they "balloon" from the tips of vegetation.

Mortality is great during the period of dispersal. Finding a 
suitable microhabitat and securing a first meal are crucial to the 
success of the immatures. In the urban environment, webs of immatures 

are often found in close association, and immatures can be seen on or 
near the large webs of adult females. Apparently temporal specialization 

prevents conflict in this last case.

Habitat
Complete habitat descriptions for American black widows are 

given by Kaston (1970), Burt (1935), and D TAmour et al. (1936). The 
web of h, hesperus consists of a retreat, a horizontal catching sheet, 
and "gummed" substratum threads (Kaston 1970). These "gummed" threads 
are often anchored to pebbles. The early instars tend to build simple 
webs in rather open situations. They can often be seen out on these 

webs in direct sunlight. Nor until later in life do they construct a 
dense retreat in a protected microhabitat and become exceedingly shy. 

Herms et al. (1935) observed that only when the females are about one- 
third grown do they establish themselves in sheltered niches. The 
spiders become increasingly photonegative as they change microhabitat
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preference, Barrett (1927) states that the immatures become negatively 
phototactic after the fourth molt. Coincident with this change in 
behavior is a change in the coloration of the developing spiders. The 
light9 disruptive pigmentation gives way to dark pigmentation as they 
mature.

The pattern of distribution of black widow spiders in urban 
habitats is as follows: light colored immatures and males are seen out
on their simple webs during the day and night9 whereas larger immatures 
and adult females are strictly nocturnal5 remaining secluded in their 
retreats during the day except to secure prey. This temporal specializa

tion in activity seems to be a system for reducing intraspecific 
competition in crowded habitats.

In the urban environment adult females often locate their 
retreats high in rafters of buildings. The catching sheets9 as a rule, 
are never more than two feet off the ground and are usually in contact 
with it. These two portions of the web are connected by one or more 
signal threads, analogous to those of orb-web spiders (Bristowe 1958).
In addition to alerting the spider to the presence of prey in the 
catching sheet, this thread is also used as an escape device. When a 
flashlight is shone on the eaves of a building at night the retreats of 
adult females can easily be seen. The light can then be used to follow 
the signal thread down to the catching sheet, where the female hangs 
motionless. At the least disturbance she quickly runs up the signal 
thread to the safety of her retreat.
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On occasion I have seen orb-webs and webs of pholcids in close 
association with those of black widows» In some cases they even had 

common boundaries. This is unusual for a solitary9 highly predaceous 
species such as 1L. hesperus. In South Africa, the webs of _L. indistinctus 
are found under the sheet webs of Euprosthenops, although they are quite 
independent (Smithers 1944).

Prey Capture Strategies
The black widow spider is a voracious predator known to attack 

and subdue prey items many times its own mass. Its food consists 

mainly of beetles, grasshoppers, earwigs, flies, and other spiders 
(Pratt and Hatch 1938). The tremendous piercing power of the fangs may 

be an adaptation for penetrating the elytra of beetles, which make up 
a major portion of the diet (Exline and Hatch 1934).

The prey capture technique of Latrodectus mactans is discussed 
by Herms et al. (1935) . The spider cues in on web vibrations and 
approaches in a series of abrupt rushes. The victim is swathed in silk 
which is combed out by the calamistrum of the rear legs. The spider 

seems to have an uncanny ability to assess the capabilities of the prey, 
and acts accordingly. Innocuous victims such as pink bollworms 
(Pectinophora gossypiella) may be bitten immediately without being 
wrapped, while potentially dangerous intruders such as acridids and 
blattids may be incapacitated by a large globule of liquid silk. This 
globule also serves a defensive function and is discussed more fully in 

Chapter 6. Apparently, the use of this silk globule is common to the
genus.
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Unlike many web-spinners5 black widows utilize their webs to 
secure both flying and crawling arthropods. When a crawling insect 
contacts a "gummed" thread the occupant of the web immediately rushes 
to the site of the disturbance. The spider may^walk-nbout on the 
substratum, feeling for the insect, but it always keeps at least one 
leg in contact with the web. When the prey is located it is rapidly 
silked up and hoisted off the ground. Shulov (1940) reports that 
jL. pallidus Cambridge may descend by a thread and catch prey running 

on the ground. I have observed a similar behavior in Ii. hesperus.

An adult female was beginning to wrap a mealworm larva (Tenebrio)
)

which fell through the web to the ground. The spider promptly silked 
down and felt around with seven legs until it located the mealworm.
Again the prey was immobilized with silk and lifted off the ground.

The hoisting of prey from the substrate is a consistent behavior 
in L.. hesperus. The semi-immobilized victim is carried by means of a 

thread arising from the spinnerets. The rear pair of legs assist in 
hoisting the load, as the spider climbs with the other three pair. 

Placing the struggling prey in such a position puts it at a disadvantage 
and allows the spider to wrap it more efficiently.

One or more bites may be administered at any time during the 
capture sequence, usually after the prey has been somewhat incapacitated 
by the silk. The spider searches for an appropriate area to insert its 
fangs by "boxing" or feeling the integument with its pedipalpi. The 

most common places for biting 'are membranous areas between sclerites. 

Consequently, black widows are frequently found biting or feeding on the
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head, legs, and perianal region of the prey. Salticids make use of 

this same strategy, burying their.fangs in leg joints (Bristowe 1958; 
Jackson 1976). When subduing winged insects, _L. hesperus will often 
inject the toxin into the veins of the wing. This strategy serves to 
keep the spider at a maximum distance from the potentially dangerous 
mouthparts, legs, or stinger of the victim until the toxin takes effect.

Occasionally an attempt to secure a large prey item results in 
injury to the spider. But black widows have an amazing capacity for 

wound healing. One large female I observed had a hole kicked in her 
abdomen by the spine of an acridid. Haemolymph oozed out of the wound 
for several hours, but a plug finally formed at the site of the injury 

(Fig. 3.1b). The female suffered no long lasting ill effects and 
subsequently constructed four egg sacs. Two other individuals were 
injured while being handled with tweezers. Again, clear haemolymph 
was discharged from the wounds but disappeared within an hour. These 
individuals, too, recovered fully.

Apparently a black widow’s need for free water is minimal. 
Laboratory specimens which lived normal lifespans were never provided 
a source of water. In three instances, however, mature males were 
observed drinking from droplets which had condensed on the side of the 
vials. This ability to survive without free water is evidence of superb 

adaptation to an arid desert environment. The liquefied contents of 
prey and metabolic water most likely meet water requirements of this 

species. _



CHAPTER 4

ASPECTS OF THE COURTSHIP BEHAVIOR WITH EVIDENCE.
FOR THE EXISTENCE OF A CONTACT SEX PHEROMONE

Introduction
Courtship and mating behavioral patterns of black widow spiders, 

Latrodectus spp., have been described by Herms et al. (1935) and 
D 1Amour et al, (1936), Kaston (1970) added important details to these 
descriptions; however, questions concerning mate location and the stimuli 
responsible for causing males to initiate courtship remain unanswered,

Montgomery (1910) and Hewitt (1917) first suggested that contact 
chemical and tactile cues may be important in sexual and species recogni
tion by nocturnal web-building spiders. Subsequently, Gerhardt (1924), 

Locket (1926), and Bristowe (1929) observed that male web-spinners were 
sexually stimulated upon contact with the female’s web. Experiments on 
vagabond spiders led.Kaston (1936) to conclude that both contact 
chemoreception and visual clues were used in mate location by members 
of this group. In 1969, Hegdekar and Dondale demonstrated the existence 

of a contact sex pheromone in the threads of lycosid spiders. Their 
study revealed that the pheromone is species-specific, stable in air, 

and secreted only by adult females, regardless of their prior mating 
experience. Blanke (1973) examined the sexual behavior of the tropical 
araneid Cyrtophora cicatrosa and found that males were attracted to 
empty bags previously occupied by females, indicating an olfactory
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sexual pheromone. No data are available on the cues used by males of 
any species of Latrodectus to locate females, or on the stimuli respon
sible for releasing courtship behavior.

Several workers have searched for chemoreceptors in spiders, 

Kaston (1935) presented evidence suggesting that the slit or lyriform 
organs were chemosensory, but electrophysiological experiments later 
showed these structures to have a mechanoreceptive function (Walcott 

and Van der Kloot 1959). Blumenthal (1935) indicated his belief that 

the "tarsalorgans" were chemoreceptors; however, these structures occur 
on the proximal ends of tarsi and palps and would, therefore, not 
normally contact chemically active substrates. Foelix (1970) identified 
curved, blunt-tipped hairs on the legs of spiders which he presumed to 
be chemoreceptors. These hairs featured an open tip to a lumen and were 
distributed on the distal tarsal segments. That they closely resemble 
chemosensitive hairs on the antennae of insects and were found in all 

spiders studied seems quite persuasive. No species of black widow 
spider was among those Foelix examined.

This study was initiated to determine the role of contact 
chemoreception in the reproductive behavior of Latrodectus hesperus. 
Contained herein are previously undescribed male and female courtship 

patterns which were used in experiments to behaviorally bioassay the 

chemical activity of webs. Also presented are scanning electron 
micrographs of 1,. hesperus tarsi which reveal what are presumed to be

20

contact chemoreceptors.
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Materials and Methods

The courtship and mating of Latrodectus hesperus was staged in 
11 cm x 12 cm x 12 cm plastic containers and the chemical activity was 
behaviorally bioassayed on those webs that had been constructed in 
plastic vials. More than 25 courtship encounters were staged and 

observed-. Unless otherwise indicated9 all experiments were conducted 

on a sample size of seven. Individuals used in experiments were tested 

only once in 24 hours. Male and female tarsi were mounted on aluminum 
pegs for scanning electron microscopy. Chemical extractions of the 
pheromone were attempted with the standard reagents methylene chloride, 
anhydrous ether, and carbon disulfide”. Webs of five females were 
macerated in 40 ml of the solvent and allowed to soak for one week. 
Filter paper was then dipped in the solvent extraction and allowed to 
air dry. Males were behaviorally bioassayed on the dried filter paper.

Results

Courtship
The courtship and mating behavior of 1L. hesperus generally 

conformed to the descriptions of previous workers. A synthesis of 
previous accounts and my observations follows: males charge their
palpal organs with semen shortly after the definitive molt. Thus 

equipped for mating, they generally show heightened levels of activity 
over earlier instars. They abandon their webs and no longer actively 
capture prey which is offered them. (One male was observed to feed on 
the wrapped prey of a female in her web) . Upon entering a female’s
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web, the typical male begins his courtship display which consists of 
tapping and tweaking the lines with his front tarsi. While doing so, 

the male explores the web cautiously, rhythmically tapping the silk with 
his pedipalpi. During this period of exploration, the male's body jerks 
spasmodically and the abdomen vibrates at a high frequency. Periods of 

rest intersperse active searching and display. The female frequently 

initially rejects the display and charges the male, in which case the 
male beats a hasty retreat or silks from the female's web.

Approaching the female cautiously,the male usually cuts the web 
at strategic points, effectively reducing the female's potential routes 
of escape or attack. At this point, the courting male caresses the 
female's legs, then her abdomen, ultimately climbing excitedly over her 
body (Figures 4.1a and 4.1b). A courting male is frequently observed to 

"throw silk" about the female, forming the so-called "bridal veil". 
Occasionally a male can be seen "throwing silk" around discarded prey 
items or exuviae of recently molted females. He next positions himself 
venter to venter with his mate. Successful males then locate the female 
epigynum and insert first one, then the other palpal organ. The time 
consumed in courtship is highly variable, ranging from 10 minutes to 3 
hours. Males that succeed in insemination linger in the vicinity of 
their mates or wander leisurely away. This is in marked contrast to the 

initial cautious approach and escape strategies characteristic of males 
prior to insemination. Only one male of those observed to succeed in 
insemination was eaten by his mate immediately after mating. However, 
several were later found dead and swathed in silk in their mates' webs.
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FIGURE 4.1a. LEG TO LEG CONTACT BETWEEN A COURTING PAIR OF BLACK WIDOWS.
Direct tactile stimuli are exchanged in this essential step.

FIGURE 4.1b. LEG TO BODY CONTACT BETWEEN A COURTING PAIR OF BLACK WIDOWS. 
During this step the male may wrap the female with his threads.
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Gerhardt (1924) and others (see Kaston 1970) have indicated 

that the male loses the distal end of the embolus during copulation»

This loss may subsequently render the male impotent. If this is the 
case, successful males would best serve their biological interests by 

presenting themselves to their mates as -a post-nuptial meal. In so 
doing, a male would contribute to the production of eggs that he would 
posthumously fertilize. If the female is sufficiently well-fed to 
decline this offer immediately after copulation, the male should have 
no better purpose than to linger on the web until such a time as the 

female’s appetite returns.

New Courtship Patterns
Several previously undescribed behavioral patterns in the court

ship of JL. hesperus have been observed in the course of this study. Not 
previously noted was occasional extreme aggressiveness of females in 
courtship. Eager females exhibited jerky movements and repeated violent 
twitches of the abdomen. These patterns were identical to male courtship 

behaviors but they appeared to be more violent, owing to the larger mass 
of the female. Males responded positively to female displays and these 
events usually resulted in successful insemination of the female.

Both sexes were consistently observed*to execute "push-ups"

(i.e., alternate, flexion and extension of the legs) while courting, but 
this pattern also routinely occurred in the context of disturbance.

When males were viewed through a dissection microscope, it was noted that 
the male abdomen usually began vibrating shortly after the individual 

had made contact with the female’s web. Except for this movement, he
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remained completely motionless• These vibrations had escaped preliminary 

unaided observation. It was also noted that shortly after the onset of 

abdominal vibration, and before they had ever contacted the female, males 

began to "throw silk" with their hind legs. Furthermore, males trailed 
silk while searching the female web. Subsequent trails revealed that 
abdominal vibration and silk throwing occurred on webs unoccupied by 
female spiders, suggesting that males were responding to contact with 
the web in the absence of visual clues. Therefore, the presence of a 
contact sexual pheromone in the web of the female was suspected, and 
experiments were designed to test this hypothesis.

Contact Pheromone Experiments
Abdominal vibrations and body tremors of adult male and female 

Ij. hesperus were used in behavioral bioassay experiments to determine 
the presence .of a contact pheromone in the web of this species. The 

occurrence of these patterns was scored as a positive response. If 
these patterns did not occur, a negative response was noted.

Male spiders (n=7) were placed on male webs from which the ' 

original occupants had been removed. Each was observed for 10 minutes.

In no case did the tested males show indications of sexual excitement, 
but they did actively explore the webs on which they had been placed.

z
Adult males (n=7) were placed on unoccupied female webs and observed as 
before. All males responded positively (i.e. with abdominal vibrations) 

shortly after contact with the female web.
It next seemed desirable to determine how long the female webs 

would retain their ability to stimulate males. Unattended webs were
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left exposed to open air and males were tested daily on these. The 

results of this experiment were variable (see Table 4.1.). Three males 
continued to be sexually stimulated on webs that had been exposed to 

air for over two weeks. In one case, a male responded to a vacant 
female web for 50 days, at which time he died. Four of the unoccupied 
female webs elicited a male response for no longer than three days.

Next tested was the activity of webs produced by immature 
females. Males were placed on unoccupied webs of fourth and fifth 
instar females and observed as before. In all but one trial, the males 
reacted positively, although their behavior patterns seemed to be 
qualitatively less vigorous than those exhibited on adult female webs.

An alternative to the contact pheromone hypothesis was that 
males were responding to an airborne chemical emanating from the female 

or her web. To test this possibility, a female was placed in a clean 
vial for five minutes, at which time she and any webbing she had 
produced were removed. A male was then introduced immediately into 
the vial. In no case (n=7) did the male respond positively. A 
refinement of this experiment involved placing a partition of perforated 
aluminum foil over the female and her web in the vial. Males were then 
placed on top of the perforated foil and observed. None of the males 
tested (n=7) exhibited sexual excitation.

Sexual pheromones have been shown to function in species isola
tion for a large number of insect species (Jacobson and Beroza 1963).
To check the possibility that the chemical present in the web of 
_L. hesperus was species-specific, an adult male _L. mactans was placed



TABLE 4.1. DURATION OF SEXUAL RESPONSE OF MALES TO 
WEBS OF FEMALES EXPOSED TO OPEN AIR.

Specimens tested Duration of sexual response

Male 212 on web 
of female 17

3 days

Male 210 on web 
of female 1

2 days

Male 206 on web 
of female 19

14 days

Male 206 on web 
of female 10 •

2 days

Male 206 on web 
of female 7

2 days

Male 224 on web 
of female 406

50 days (male died)

Male 202 on web 
.of female 413

16 days
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on seven different webs of female hesperus. Before each trial, an 
L* hesperus male was used to validate the activity of the conspecific 
webs. All webs elicited a positive response from Ij. hesperus and 
surprisingly also from the JL. mactans male. A modified reciprocal of 

this experiment was conducted. Male hesperus (n=7) were placed on 
the webs of L .' mac tans females. No L* mactans males were available to 
test the activity of conspecific female webs, so hesperus males were 
tested first on the nonspecific web, then for the sake of comparison, 
on the webs of lu. hesperus females. All Ij. hesperus males reacted posi
tively to all webs, but showed a qualitatively more vigorous response to 
conspecific webs.

Finally, it seemed desirable to determine the response of females 
to conspecific male webs. All females (n=7) exhibited the excited move

ments previously observed in response to male courtship. This behavior 
was again strikingly similar to the courtship behavior of the males. As 
a control, females were placed on the unoccupied webs of other females.
In three trials, the females showed no reaction whatsoever. Four of the 
seven responded by exploring the new web for a short period of time.
This exploratory behavior lacked the components which were elicited in 
response to contact with male webs.

Attempts to chemically extract the pheromone from female webbing 
met with minimal success. In no instance did experimental males react 
in a positive sexual manner to the filter paper rinsed with the solvent
extract.
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Chemoreceptors

Scanning electron micrographs of the tarsi and pedipalpi of 
Ij. hesperus revealed what are presumed to be the chemosensory hairs 

described by Foelix (1970) for other web-building spiders (Figures 4.2a 
and 4.2b). These are arranged in parallel rows, pointed toward the 
distal end of the appendages, and inserted at an angle of about 80° to 
the axis of the leg. They are blunt (open) tipped, slightly curved 
structures, etched in a spiral pattern. The hairs measure 50-60 jam in 
length, and have a diameter of ca. 5 p m  at the base and 2 jam at the tips. 
Each is inserted in a crater-like socket. These structures are uniformly 

distributed on the distal tarsal segments and around the three terminal 
claws (Figure 4.3). They also appear on the ventral surface of the 

palpal organs in both sexes. These are the anatomical parts which con
tact the web during courtship.

The presumed chemoreceptors are distinct from mechanoreceptors, 
in that the latter are at least five times longer than the former. Also, 
the mechanoreceptive hairs form an angle of less than 30° with the axis 
of the appendage, and they are inserted on conical processes. They have 
a pointed rather than blunt tip, and no terminal pore.

Discussion
The data strongly suggest that L̂. hesperus males locate con- 

specific females and identify potential mates by contact with the female 
web. Furthermore, it is apparently a chemical component or components 

of the web and not its physical structure to which males are responding. 
This system surely functions to the advantage of both sexes. The female
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FIGURE 4.2a. CLOSE-UP SCANNING ELECTRON MICROGRAPH OF AN INDIVIDUAL 
PRESUMPTIVE CHEMOSENSITIVE HAIR. Note spiral texture, open tip, 
and crater-like insertion.

FIGURE 4.2b. SCANNING ELECTRON MICROGRAPH OF ADULT MALE BLACK WIDOW 
TARSUS. Curved, blunt-tipped presumptive chemosensitive hairs 
(indicated by arrows) occur in longitudinal rows.
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FIGURE 4.3. SCANNING ELECTRON MICROGRAPH OF ADULT MALE BLACK WIDOW APICAL 
TARSAL SEGMENT. Row of presumptive contact chemosensitive hairs 
(indicated by arrows) is seen toward the terminal end of the tarsus.
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spider’s web effectively extends her appendages several hundred times in 
length, and the volume of space she commands by an equivalent factor.
If in the evolution of these spiders, some females produced chemicals 

(perhaps metabolic wastes) which became incorporated into their silk, 

and some males in the population possessed receptors tuned to these 
chemical cues, both the producers and recipients of this information 
would have enhanced probability of meeting and mating. This mutual 
advantage has apparently resulted in selection favoring co-evolutionary 
refinement of the system.

Vagabond spiders of the families Salticidae, Pisauridae, and 
Thomisidae, phylogenetically subordinate to the Theridiidae, do not 

construct webs and rely on direct contact to exchange chemical stimuli 
important in species and sexual recognition (Kaston 1936). Wolf spiders 
(Lycosidae), a somewhat more highly evolved family, illustrate a possible 
transitional conditional. They rely on direct contact, and females 
produce small temporary threads which contain contact sexual pheromones 
(Kaston 1936; Hegdekar and Dondale 1969). The system of web-borne 

contact chemical communication may reach its highest development in the 
Araneidae, the orb weavers, a group characterized by the production of 
very large and elaborate webs.

The fact that the contact pheromone in the web of hesperus 
is apparently not distinct from that produced by the closely related 
species, X. mactans, is somewhat perplexing. The precise distribution 
of the two species is not known; however, Kaston’s (1970) distributional 
notes suggest that the two species are allopatric, hence, there has been 
no selection favoring divergence in the chemical components between the
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two. Also, it is unlikely that the pheromones produced by the two species 
would chemically differentiate by genetic drift if they consist of essen- 
'tially unmodified metabolites. Significantly, Kaston (1970) was able to 

stage three successful matings between Ii. mactans and L̂. hesperus in 

the laboratory, indicating that premating isolating mechanisms between 
the two are not highly developed. All these facts seem to suggest that 

the two species have only recently speciated in geological time. It is 
assumed that the active substances in female webs are sufficiently dif
ferent from those of other less closely related species in the family 
and members of other families so that male black widows are able to 

avoid dangerous and wasteful courting on heterospecific webs.
Another problem arises from the discovery that the webs of 

sexually immature and mated adult females as well as those of adult 
virgins are chemically active. This condition might work to the detri
ment of males because it would cause them to waste time courting unrecep- 
tive females. Chemically active webs could, on the other hand, be of 
considerable benefit to their immature or previously mated adult female 

occupants in that courting males are potential prey. The initial cautious 
behavior of males on conspecific female webs would seem to reveal their 
innate awareness of this danger. Indeed, Bristowe (1929) speculates that 
the marked sexual dimorphism manifest in web spinners is an adaptation 
that enhances male agility and escape potential on female webs.

Kaston (T978, pers. comm.) has suggested another explanation 
for the apparent chemical activity of immature female webs. A male that 
contacts an immature female’s web may (cautiously) linger on it until 
the female has undergone the definitive mbit, at which time the patient
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male would be rewarded with a receptive potential mate. This system 
would be mutually advantageous to both sexes. It might be particularly 

advantageous to the male if there is high risk involved in searching for 

female webs. Subsequent to Dr. Kaston’s communication, four instances 
of adult male hesperus waiting on nonspecific immature female webs in 
the field have been observed. This hypothesis is clearly in need of 
further study.

Abdominal vibrations by both sexes seem to be important initial 
components in courtship. The male apparently immediately announces his 
presence on the female web using this behavioral pattern, and his mechani
cal message is communicated via the web to the female. Females almost 

certainly use this information to distinguish courting males from captured 
prey. The female, if she is receptive, responds to the male’s vibrations 
in kind, thus encouraging the male.

Female responsiveness to male webs revealed by these experiments 

seemed anomalous in that females probably do not search for males, and 
adult males do not construct extensive webs. Reproductive males do, 
however, produce silk while courting. It may be that in close confronta
tions between the sexes, females chemically validate the identity of the 
male by contacting the silk he throws to produce the "bridal veil". It 
is apparent that the "bridal veil" symbolically, rather than physically 
binds the female. The female could easily break the binding threads, 
but may be inhibited from doing so by her perception of their chemical 

content, a possible complementary male pheromone. Such a pheromone could 
arise evolutionarily in much the same manner as the female pheromone.
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Summary
The courtship and mating behaviors of the black widow spider5 

Latrodectus hesperus, were studied to determine stimuli responsible for 
mate location and courtship initiation in this species. New courtship 
patterns were observed9 including a vigorous display performed by 
females, "push-ups" executed by both sexes, and cryptic abdominal vibra

tions produced by males immediately upon contact with female webs. Males 
initiated courtship when they contacted unoccupied conspecific female 

webs, but did not respond when placed on other male webs. Male L_. hesperus 
also initiated courtship behavior on unoccupied female webs of another 

species, Latrodectus mactans. Female Ij. hesperus were stimulated by 
contact with conspecific male webs, but not other female webs. Scanning 
electron microscopy revealed what are presumed to be chemoreceptive hairs 
on the tarsi and pedipalpi of males and females. In conclusion, male 

and female Jj. hesperus produce sexually specific, complementary contact 
pheromones which are incorporated into their silk. The female-produced 
pheromone serves to aid the male in gross location of a nonspecific mate 
and releases his initial courtship behavioral patterns. The male- 
produced pheromone inhibits the female’s predatory response and probably 
lowers her threshold for mating readiness. These substances apparently 
do not function as an isolating mechanism between L̂. hesperus and
L. mactans.



CHAPTER 5

DEVELOPMENT OF THE EGGS AND NYMPHS UNDER 
CONSTANT TEMPERATURE REGIMES

Introduction
The western American black widow spider, Latrodectus Hesperus, 

is of medical and economic importance because of the toxicity of its 
venom to humans» Homeowners in the Southwest are anxious to rid their 

properties of these spiders, with the result that a great deal of time 
and money are invested in control efforts. In order to successfully 
predict the population dynamics of these spiders and to accurately assess 
the environmental conditions in which they reproduce and develop, we must 
understand the relationship between temperature and development in this 

species. Such an understanding may aid in the design of sound control 

strategies for urban areas.
Temperature dependent developmental studies have been of interest 

to biologists since the time of Reaumur (Lin, Hodson, and Richards 1954). 
More recently, work on life histories at a range of constant temperatures 
has been conducted in the Collembola (Choudhuri 1960), Orthoptera 

(Browning 1952), Heteroptera (Harries 1943), Lepidoptera (Madge 1956), 

Diptera (Gunstrearn 1965), and other insect orders. Comparatively few 
studies on the relationship of temperature to development have been done 
in the Arachnida (Rivard 1961; Jones 1941; Browning 1941).

Early research made use of constant temperature incubation of 
eggs and immature stadia. Recent trends have been toward studies incor

porating alternating or fluctuating temperatures.
36
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The usual procedure for graphical presentation of these data 

has been to plot the reciprocal of the average developmental period 
against the temperature in order to derive points for the temperature- 
velocity (rate) curve. An equation for the curve which is fitted to 
these points has been formulated in a number of ways. Earlier authors 

deduced a linear relationship between rate of development and tempera- . 
ture, and as such derived a rectilinear formula describing a straight 

line. However, a number of untenable assumptions are necessary in order 
to fit such a line to the experimental points (Lin et al. 1954). 
Researchers subsequently derived logistic and catenary curves to better 
represent the data, but these practices too have their limitations due 
to the experimental methods. Howe (1967) suggests that fitting curves 

by eye is sufficiently practical for most purposes and that theoretical 
description is best left to mathematical biophysicists.

Studies of egg incubation periods and instar duration in 
Latrodectus are limited. Shulov (1940) experimented with constant 
temperature incubation of eggs of JL. pallidus and found that temperature 
was the most important factor in determining the period of development. 
This inverse relationship between time of development and temperature 
was also recognized by Smithers (1944) for jL. indistinctus and by Blair 
(1934b) for L. mactans, but was not quantitatively defined in any case.

Deevey (1949) observed that the eggs of Latrodectus mactans 
hatched 15-̂ 20 days after oviposition at unspecified laboratory tempera
tures, while Rempel (1957) reported an average incubation period of 

about 17 days at 70°F. Many authors have investigated the period of
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development of our American black widows from oviposition to emergence 
from the egg sac (Harms et al„ 1935; Lawson 1933; D TAmour et al. 1936), 
but once again temperatures were not considered. These reported develop 

mental periods ranged from 14 to 30 days. Smithers (1944) stated that 
spiderlings of L. indistinctus emerged at regular 28-32 day intervals 
from the time of oviposition. His observations were conducted during 
December in South Africa where the mean monthly temperature was 65.60F.

The purpose of this research, then, is to quantitatively define 
the relationship between temperature and developmental time in the egg 
and first instar of h. hesperus, and to draw conclusions concerning the 
bionomics of this spider from these data. A description of the post- 

embryonic development which occurs in the cocoon is also included.

Materials and Methods

Egg Incubation
A laboratory population of adult females was observed twice a 

day in order to note when egg sacs were constructed. Newly fabricated 
egg sacs were immediately removed and opened with microscissors.

The eggs from each sac were counted and divided into two sets. 
Each set of eggs was placed in a 2 cc clear gelatine -capsule with 0.5.mm 
holes punched in one end. The eggs were allowed to remain in the end 
opposite the holes, and small wads of cotton were placed in the capsule 
to prevent mechanical damage to the eggs. The capsules were sealed, 
labeled, and placed in the appropriate controlled environment incubators 
(Figure 5.1a). A total of 42 egg sacs were opened and prepared for 
incubation in this manner.
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FIGURE 5.1a. GELATINE CAPSULES CONTAINING EGGS OF L. HESPERUS. 
The eggs were observed daily through a dissection microscope 
for time of hatching.

FIGURE 5.1b. EGGS OF L. HESPERUS. The eggs average 0.8-1.1 mm 
in diameter and are white to light yellow in color.
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The incubators consisted of refrigerators which were modified 

for the additional function of heating. Temperatures were thermostati
cally controlled and monitored every other day by means of a Simpson 

model 338 probe thermometer. The humidities were checked every third 

day.
The eggs were incubated under six constant temperature regimes 

21.1±1°C, 23.9 ± 1°C? 26.7±1°C, 28.9 6 1°C, 32.2 ± 1°C,' and 35.5±1°C.
The relative humidities were kept high (60-90%) by placing pans of open 
water in the incubators, but no attempts were made to control the humid

ities within specified ranges. No source of illumination was provided 

within the incubators.
The eggs were checked daily by placing the capsules under a Zeiss 

dissecting microscope. The dates of hatching were recorded, including 
date of first hatch, date of 50% hatch, and date of last hatch. The 
time required for 50% eclosion of all the eggs in a capsule was taken 
as the developmental time for this set of eggs. In the capsules where 
50% of the eggs did not hatch (n=7), the developmental period was con
sidered to be the time at which half of the eventually hatching eggs 
had, eclosed. The percentage of inviable eggs in each capsule was noted, 
the capsules in which no eggs hatched (n=4) being disregarded. \

The means of the developmental times for each temperature.were 
computed and plotted against the respective temperatures. A time curve 
was eye-fitted to the resulting points. The reciprocals of the mean 

'developmental times at each temperature were plotted against the appro

priate temperatures, and the rate curve for egg development was eye-fitted
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to these points. A line of regression was fitted to the medial portion 
of this rate curve by the method of least squares. This line was 
extrapolated to the x-axis, and the x-intercept was taken as the hypo
thetical developmental-hatching threshold.

Incubation of Nymphs

Egg sacs constructed by females were opened and the eggs were 
observed daily. The eggs were kept at ambient temperatures (70-75oF). 
Upon hatching5 15 of the nymphs from each sac were immediately isolated 
for incubation studies. These nymphs were divided into three groups of 
five individuals, each group to be incubated at a separate temperature. 
Incubation temperatures of 23.9±10C9 29.4±1°C? and 34.4irl°C were 
selected. The relative humidities ranged from 60-95%. A total of three 

egg sacs were used so that 15 nymphs were incubated at each temperature.
Each nymph was placed in its own 3 cm x 6 cm clear plastic vial, 

and set in an incubator. These nymphs were observed daily and the dates 
of molting recorded. After the first molt the nymphs were fed two 

Drosophila per week until the conclusion of the study six weeks later. 
The mean length of time required for the first molt at each temperature 
was calculated3 and the temperature-specific mortality at the end of the 
experimental period was recorded.

Results ;
The periods of developmental time required for eclosion at 

various constant temperatures are presented in Table 5.1. These develop
mental periods are plotted against the respective temperatures5 and the



TABLE 5.1. EFFECT OF CONSTANT TEMPERATURES ON EGG DEVELOPMENT OF LATRODECTUS HESPERUS,

Temperature
(°C)

Number of 
Egg Sacs 
Sampled

Mean Hatching 
Time (Days)*

Mean Hatching 
Range (Days)

Mean Percent 
Hatch

Mean Hatching Time 
of L. pallidus 
(from Shuloy)

40+ days (20°G)
21.16 1 14 37.963.6 6.4 54.7

23.9 ±1 13 15.061.5 2.4 85.4
21-30 days (25°G)

26.76 1 14 14.261.1 2.8 77.9

28.961 14 11.06 1.1 3.1 83.4

32.261 13 . 7.36 .75 2.2 81.3

35.561 13 7.0 6 .63 2.1 92.9

* includes standard deviation

4>
to
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resulting points (represented by triangles) are presented in Figure 5.2.
A j-shaped time curve has been fitted to these points.

The reciprocals of the developmental periods multiplied by a 
factor of 100 are plotted against temperature, and a sigmoid rate curve 
has been fitted to the resulting points (Figure 5.2)e The peak 

temperature, or that at which the embryo develops at the fastest rate 
(Davidson 1944), is 35.5°C. The optimum temperature at which there is 

the largest percentage hatch is also 35.5°C. A straight line represent
ing the medial portion of the rate curve has been fitted to the 

temperature-velocity points and extrapolated to the x-axis (Figure 5.3). 
The resulting hypothetical developmental-hatching threshold is 19.1°C.
The equation for this line of regression has the form Ye=loQ4x-19.9 where
1.04 is the slope and -19.9 is the y-intercept.

The mean range in time required for hatching at each temperature 

is also presented in Table 5.1. This represents the variance in the time 
of hatching and in general is greatest at the lower incubation tempera
tures. The minimum range in hatching time is found at 35.5 °C.

The eggs of Latrodectus hesperus are spherical and average 
0.8-1.1 mm in diameter (Figure 5.1b).. The usual color is creamy white 
to light yellow, but occasionally a batch of pink or lavender eggs is 
laid. The average number of eggs per sac based on the examination of 
52 egg sacs was 158.7 ±46.7.

A few days prior to hatching the chorion of the eggs assumes a 
sculptured appearance through which the rough outline of the cephalothorax
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FIGURE 5.2. TIME AND RATE CURVES FOR DEVELOPMENT OF THE EGGS OF 
L. HESPERUS AT SIX CONSTANT TEMPERATURES. The points of the 
time curve represent developmental period plotted against 
temperature, while the reciprocal of the developmental period 
plotted against temperature gives the points for the rate curve.
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FIGURE 5.3. DEVELOPMENTAL-HATCHING THRESHOLD LINE FOR EGGS 
OF L. HESPERUS. This line is fitted to the medial portion 
of the rate curve to give the theoretical threshold of 19.1°C.
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FIGURE 5.4a. EGGS OF L. HESPERUS TWO DAYS PRIOR TO HATCHING.
The outline of the legs and cephalothorax is clearly visible. 

FIGURE 5.4b. FIRST INSTAR NYMPHS OF L. HESPERUS. The newly 
hatched nymphs lack functional mouthparts, sensory hairs, 
and spinnerets.
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;

and legs becomes visible (Figure 5.4a). Leviable eggs were often 
shriveled or darkly colored, but many looked identical to the viable 
eggs.

The first instar nymphs are quite feeble and helpless (Figure 

5.4b). They are translucent white and have no functional mouthparts, 
sensory hairs, or spinnerets. The legs lack a number of segments and 
the nymphs can neither walk nor spin silk. The chorion, a very thin, 
white membrane, often remains attached to the posterior end of the 
abdomen of the newly hatched nymphs for several hours. All spiders pass 
through one or more of these quiescent stages in the egg sac.

The effect of three constant temperatures on the development and 

survival of these first instar nymphs is depicted in Table 5.2. The mean 
time required for the first molt was temperature dependent as was the 
percentage mortality.

A description of the post-embryonic development of first instar 

nymphs of Latrodectus is previously unrecorded. The following represen
tative account of the first eleven days is based upon observations of 
five nymphs at 75°C.

Day 1
The two anterior median (postbasciliary) eyes acquire brown 

pigmentation.

Day 2
The anterior median eyes become darker in color, 

loses some of its luster, assuming a dull white hue.
The body
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Day 3

Some nymphs molt at this time. Setae and spines appear on the 

legs and abdomen, and the fangs become sclerotized, assuming a brown 
color. The molted nymphs acquire the ability to walk.

Day 4
Some nymphs molt on the fourth day. The chelicerae become 

melanized and the remaining six eyes (prebasciliary) begin to acquire 

pigmentation. White splotches of pigment appear on the abdomen and tan 
pigmentation becomes apparent in the carapace. The spinnerets acquire 

black pigmentation while the legs are still translucent.

Day 5
Black pigment is deposited at the tips of the legs and pedipalpi. 

Mottled white pigment accumulates on the ventral median portion of the 
abdomen where the hourglass will eventually appear.

Day 6
Dark pigment is deposited around the eventual hourglass and dark

n .

spots appear around the spinnerets. Minute black spots appear on the 
dorsum of the abdomen, and the cephalothorax is becoming more darkly 
pigmented. Silk is first produced at this time.

Day 7

All the eyes are now darkly pigmented. The spiderling trails 
silk everywhere as it runs about. The black spots on the abdominal 
dorsum are expanded and the legs acquire a brownish color. A dark
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stripe appears down the middle of the carapace. The pigment around 

the hourglass becomes darker and spreads, while the white pigment on 

the dorsum and venter of the abdomen is becoming more uniform. The 

sternum acquires dark pigmentation.

Day 8
The ventro-lateral margins of the sternum and abdomen are 

becoming darker, and dark annuli begin to develop on the legs. The 

pigment stripe down the middle of the - carapace becomes darker.

Day 9

The leg annuli acquire more black pigment as the carapace stripe 
progressively darkens. The white pigment on the dorsal surface of the 
abdomen begins to become arranged in patterns as the black spots enlarge

Day 10
The abdomen whitens and the pigments become arranged into 

stripes. The black spots on the dorsum are quite large by now and the 
carapace is dark brown.

Day 11
The leg annuli are well developed as are the black spots around 

the spinnerets. The off-white hourglass is now quite noticeable as dark 
pigment begins to pinch it off at the middle.

The continued development of 1̂. hegperus spiderlings through 
maturity is considered in detail by Kaston (1970).



TABLE 5.2. EFFECT OF CONSTANT TEMPERATURES ON NYMPHAL DEVELOPMENT OF LATRODECTUS HESPERUS.

Temperature
(°c )

Number of 
Nymphs Sampled

Mean Time 
for First 

Molt (Days)*

Percent Mortality 
After Six Weeks

Mean Time for 
First Molt of 

L . tredecimguttatus 
(from Shulov)

23.9 ± 1 15 4.061.0 33.3 6 days

29.4 6 1 15 3.06 .46 80.0 -

34.4 ± 1 15 2.06 .37 100.0

* includes standard deviation

InO
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Discussion 1

Browning (1941) states that the developmental rate of the 
immature spider Tegenaria is dependent upon -four main environmental 
factors: temperature, humidity, illumination, and rate of feeding.
Smithers (1944) concluded that temperature is the key variable determin

ing growth rates in Latrodectus indistinctus. It is widely accepted 
that variations in relative humidity have only a small effect in altering 
the rate of development or the threshold temperature (Lin et al. 1954) 
except at the humidity extremes. In the present study, the relative 
humidity was kept at moderate values. All other environmental parameters 
were held constant except for temperature. I conclude, therefore, that 
the difference in mean developmental periods is due to variation of the 

temperature regimes. To this assumption may be added others, namely:
(1) that failure to hatch signifies that development did not proceed to 
completion, and (2) that the observed differences in hatching times 
reflect similar differences in rates of development (Messenger and 
Flitters 1958).

The mean has been chosen to represent the values, for develop

mental time in this set of experiments. Other authors have made use of 
the median (Messenger and Flitters 1958) and the minimum hatch period 
(Shaw and Starr 1946). The type of statistic utilized depends to a 
large extent on the limitations of the experimental methods. The mean 
can be affected by extreme values in the data, but this can be compen
sated for by a large sample size (Howe 1967). In the present study, 
an average of 1,071 eggs from 13.5 different egg sacs were incubated at
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each temperature. The mean was also chosen to represent the average 
developmental time for the first instar because of a lack of abnormal 
values.

.When the average time of development is plotted against the 
appropriate temperature a set of points is obtained which can be repre

sented by a j-shaped curve. This fact is consistent with the results 
of other researchers (see Howe 1967). This time curve has a steeply 
descending arm at the lower temperatures and is not symmetrical about 
any point.

Of more interest biologically is the rate of development or 

velocity curve. This curve has been eye-fitted to the points drawn by 
plotting 100/developmental time against temperature. Thus, the y-axis 
represents the rate of development or the average percentage of develop
ment completed in one day. This curve is a sigmoid function which 
represents the trend in temperature dependent acceleration of embryonic 
development. A point of inflection occurs at approximately 26°C. The 
relative rate of acceleration of development (the slope of the curve) 
increases as the temperature rises until the inflection point. At this 
point the rate of acceleration decreases as temperatures are raised until 
the peak temperature (35.5°C) is reached. Although we have no data for 
higher temperatures, we may assume that the rate of development falls off 
sharply past the peak temperature (Davidson 1944). At these higher tem

peratures retarding forces counteract the accelerating forces, resulting 
in an overall decrease in rate of development.

An increase in the rates of most enzyme reactions explains the 
initial acceleration of development associated with increasing
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temperatures. The retarding forces encountered at higher temperatures 
may be due to the degradation of enzyme proteins resulting in an accumu
lation of nitrogenous waste products, or they may be associated with 
diffusion of oxygen and carbon dioxide in the embryonic tissues (Howe 
1967)o

The sigmoid rate curve approximates a straight line over its 
medial portion (21„l°C-32e2°C)„ For this reason a rectilinear function 
can be fitted to these points. When this line is extrapolated to the 
x-axis, we can predict developmental zero for L* hesperus eggs, Howe 

(1967) concludes that this method is more accurate than empirically 

determining limits of development because at low temperatures the per
centage of inviable eggs becomes highly variable and the hatching range 
greatly extended.

The equation which describes this threshold line is Ye=l.04x-19.9 
and the predicted developmental-hatching threshold is 19.1°C. The 
threshold is taken to be "the lowest temperature at which a given physio
logical process, or development through a given stage in the life history 

can be carried through to completion" (Allee et al. 1949). Since some 
degree of embryological development does occur below temperatures 
required for hatching (Hudson and Al Rawy 1958), the threshold predicted 
in this study is in fact the "developmental-hatching threshold". This 

is the lowest temperature at which the entire process of embryological 
growth and hatching can take place (Johnson 1940). Developmental 

thresholds are most likely determined by temperatures which hinder vital 
enzyme reactions.
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The developmental-hatching threshold of 19.1°C for L. hesperus 
is rather high when compared to threshold values found in other economi

cally important arthropods. Shulov (1940) calculated similarly high 
values for _L, tredecimguttatus Rossi (17°C) and L̂. pallidus (18,4°C).
In light of the tropical and semi-tropical distribution of these three 

species5 it is not surprising that they are adapted for development at 
high temperatures. We may rule out the likelihood that the eggs are 
laid during the cooler months of the year of that the eggs overwinter.

The fact that both the peak and optimum temperatures for hatching occur 
at the highest experimental temperature further substantiates this 

reasoning.
The mean range in time from oviposition to eclosion at each 

temperature represents the variance in developmental rate within clutches 
at that temperature. These hatching intervals range from 16% of the 

mean developmental time at the lower temperatures to 30% at the higher 
temperatures. The standard deviation of the mean developmental periods 
represents the variance between egg clutches and was in all cases quite 
low. As all environmental parameters were held constant these variances 
must be genetic.

It is important to consider the temperature dependent survival 
of subsequent growth stages when developmental studies with eggs are 
undertaken (Lin et al. 1954). In this way we can achieve a better 
understanding of the population dynamics of a species in a given area. 

Results of this study indicate that the development of first instar 
nymphs of 1L. hesperus is accelerated at high temperatures much as is ,
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the development of the eggs. The first molt is accordingly temperature 

dependent.
This first molt involves no increase in size of the spiderling 

but does initiate the development of sensory structures, mouthparts, 
and the spinning apparatus. In nature this ecdysis takes place in the 
protected microenvironment of the egg sac. The differentiation and 
sclerotization of the mouthparts allow the second instar spiderlings 

to chew their way out of the egg sac a short time later.

The most striking feature of the nymphal development data is 
the fact that the first and second instar nymphs are subject to very 

high mortalities at higher temperatures. At these temperatures the 
abdomen becomes thinner and more wrinkled than the abdomen of siblings 
at lower temperatures, indicating a higher rate of metabolism. These 
high temperatures are similar to those producing the greatest percentage 
hatches of the eggs. Thus, although temperatures as high as 28°C and 
above elicit rapid egg development and enhance egg viability, they are 
responsible for low survivorship of subsequent growth stages. As all 
these studies were conducted under fairly high humidity conditions, it 
is doubtful that the difference in egg and nymphal mortality at equiva
lent temperatures is due to loss of water regulation.

A possible point of criticism of this research is the fact that 

these studies were conducted at constant temperatures, hardly simulating 
thermal conditions in natural habitats. Iri defense of such an experi

mental method, Howe (1967) states that little evidence is available to 
prove that alternating or variable temperatures stimulate o'r abate the
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rate of egg development. Such oscillating thermal regimes can5 however, 
affect threshold values. Howe does go on to suggest that the most 
natural approach to the problem is to make templates from thermographs 

of the natural habitat of the organism and use these to control incubator 

temperatures.

Summary

Eggs of I,, hesperus were incubated at six distinct temperatures 
with all other environmental parameters held constant. The mean develop
mental time required from oviposition to eclosion was plotted against 
the appropriate temperature giving a j-shaped time curve. The reciprocal 

of the mean developmental period was plotted against temperature result
ing in a sigmoid rate curve. The characteristics of this curve include 
increased acceleration of development with increased temperature to the 
inflection point (26°C), with deceleration of development at higher 
temperatures. The peak and optimum temperatures were found to be 35.5°C 
suggesting that this species is well adapted to developmental conditions 

in the Southwest deserts. A threshold line described by the formula 
Ye=l.04x-19.9 was fitted to the medial portion of the rate curve and gave 
a predicted developmental-hatching threshold of 19.1°C.

First instar nymphs of this species were held at three constant 

temperatures for developmental studies. The time required for the first 
molt decreased with elevated temperatures and the mortality percentage 

increased. These results indicate that the thermal conditions favorable 
to development and hatching of the eggs are not as favorable to survival 
of succeeding life stages.



CHAPTER 6

BITING RESPONSES OF ADULT FEMALES WHEN SUBJECTED 

TO VARIOUS TACTILE STIMULI

Introduction
For many years black widow spiders5 Latrodectus spp., have been 

known to be poisonous to man. Thus, these spiders have been the subject 
of mythology, folklore, and popular accounts depicting them as sinister, 

aggressive creatures. As a result of this notorious reputation, black 
widows evoke a profound negative psychological reaction in humans when 
they are encountered. In our urban entomology office (Pima county) more 
than half of the calls we received during 1977 were requests for informa
tion on the biology and control of black widows. David Langston (1978, 
extension entomologist, Univ. of Arizona, pers. comm.) reports a similar 
level of concern in Maricopa county.

Black widow spider bites present an actual public health threat 

to man because of the relative severity of the envenomization reaction. 
The, venom of the black widow is among the most potent in the animal 
kingdom; indeed, it is 15 times more powerful than that of a rattlesnake 
(Ebeling 1975). Even so, because of the small amount of venom injected 

fatalities are only 4-5% of those persons known to have been bitten 
(Parrish 1963). Thorp and. Woodson (1945) listed 1,291 suspected cases 
of black widow envenomization in the U. S. from 1726 to 1943. This 
number may be low, as a number of cases have probably gone unreported or 
been misdiagnosed. Russell (1969) states that fewer than 5 persons per

57
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year in the U. S, die from bites of spiders5 while in Arizona black 
widows were responsible for at least 7 deaths in the period 1929-1948 

(Stahnke 194.9) = Black widow bites seem to be a particular threat to 
young children and the elderly, especially those suffering from respir
atory or heart ailments.

Despite its popular reputation, researchers have been aware of 
the relative timidity of the black widow for some time. Baerg (1923a) 
reported that several investigators had, diff.iculty inducing these spiders 

to bite test animals. Baerg himself could not impel one specimen to 
bite him on the finger. D 'Amour et al. (1936) noted that black widows 
retreat rapidly to the central nest when the web is molested, never 
attempting defensive or aggressive action. Lawson (1933) similarly 
reported that his lab specimens ran away when their enclosures were 
opened for feeding. Herms et al. (1935) and Chamberlin and Ivie (1935) 

conclude that black widows are as shy and retiring as most other spiders, 
and will attempt to bite only when provoked, when hungry, or when guard
ing egg sacs. Thus, James and HarwoodTs (1969) contention that the 
spider is not normally aggressive toward humans seems to be tenable.

The purpose of this study is to determine what level of mechanical 
stimuli elicit a biting response from black widows, and to relate these 

stimuli to the manner in which humans are bitten. By quantifying 
and analyzing such data we can accurately describe the temperament of 
this spider and assess the threat which black widows pose to humans.
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Materials and Methods

To conduct probing experiments, a laboratory population of 
approximately 80 adult females was divided into two groups» One group 
was fed normally (once a week), the other group being food-deprived for 
over one month. Of the normally fed specimens, those which constructed 
egg sacs constituted a third group. Members of each group were selected 

at random and subjected to probing tactile stimuli. Ten individuals from 

each group were probed on the abdomen and ten were probed on the cephalo- 
thorax. The probe consisted of a six inch wooden rod with a rubber tip 
which contacted the animal. Each specimen was probed 100 times, each 
probe lasting approximately one second, with one second intervals between 
probes. The number of bites administered to the rubber tip was recorded 
and other behavioral manifestations were noted. These data were subse

quently tested statistically by analysis of variance, and the means 
compared by the test for least significant difference.

In a second experiment, fifteen well fed adult female specimens 
were chosen at random from the laboratory population. A piston and 

cylinder system was devised for subjecting the spiders to pressure 
stimuli. The cylinders consisted of the 3 cm x 6 cm clear plastic vials 
which housed the specimens, and the piston was constructed by affixing 
a short wooden rod to a plunger. The plunger was composed of a hard 
plastic disc covered with a layer of sponge and a layer of filter paper 
which contacted the animal. The diameter of the plunger coincided with 

the inside diameter of the cylinders. Weight could be added to the 
piston by slipping metal washers over the rod.



The tested specimens were allowed to establish themselves in 
the cylinders for 48 hours previous to each testing session. Tests 
were conducted using pistons that weighed 23.6 g, 36.1 g, 54.7 g, and
75.4 g. The piston was lowered slowly, trapping the spider at the 
bottom of the cylinder for ten seconds. For the final experiment the 
unweighted piston was hand held and repeatedly thrust against the 

animal. The fact that black widows hang inverted on their webs meant 
that the plunger impinged upon the mouthparts, affording the spiders 
ample opportunity to bite the filter paper. The responses of the 
spiders were observed through a Zeiss dissecting microscope.

Results
The results of this experiment are summarized in Tables 6.1,

6.2, and 6.3. The most notable feature of the data is the fact that 
black widows were quite reluctant to bite under most experimental condi
tions. Under constant pressure stimulation, only 3.3% of the females 

reacted by biting. When probed, only 35% of the females in any physio
logical state attempted to bite. The most consistent biting behavior 
was elicited when the spiders were subjected to repeated thrusts of the 
piston apparatus.

Scanning electron micrographs reveal the morphological details 
of the fangs (Figure 6.1a). These terminal cheliceral segments are 
slightly curved and are serrated on the proximal mesal edge. The sub

terminal pores communicate with the large venom glands in the cephalo- 
thorax by means of venom ducts (Whitehead and Rempel 1959) . Measurements
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TABLE 6.1. DEFENSIVE BITING IN RESPONSE TO PROBING TACTILE 
STIMULATION IN LATRODECTUS HESPERUS.

Experimental Conditions No. Defensive Bites/100 Probes
Trial

Abdomen Probed i 2 3 4 5 6 7 8 9 10 X*

Well fed females 0 0 2 0 0 0 0 0 0 0 0.2* 0.6 a
Females with egg sacs 0 0 4 0 0 0 0 0 1 0 0.5* 1.2 a
Food-deprived females 1 0 0 0 0 0 0 0 0 0 0.1* 0.3 a

Cephalothorax Probed

Well fed females 1 0 0 0 2 0 0 0 1 0 0.4* 0.7 a
Females with egg sacs 7 0 2 3. 0 0 1 8 4 2 2.7*2.6 b
Food-deprived females 8 4 15 0 4 7 0 0 2 1 4.1*4.5 b

*Means include standard deviation. Means followed by the same letter 
are not significantly different at the 5% level.
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TABLE 6.2. SILK GLOBULE RELEASE IN RESPONSE TO PROBING 
TACTILE STIMULATION IN LATRODEGTUS HESPERUS.

Experimental Conditions No. Silk Globule Releases/100 Probes
Trial

Abdomen Probed 1
Well fed females 5 
Females with egg sacs 0 
Food-deprived females 0

Cephalothorax Probed

Well,fed females 1 
Females with egg sacs 1 
Food-deprived females 0

2 3 4 5 6 7 8 9  10 X

0 0 1 1 1 0 0 1 1  1.0
3 3 4 0 4 0 0 0 0 1.4
2 1 0  3 1 0 1 1 2  1.1

0 0 0 0 2 0 0 3 0  0.6
0 1 0 0 0 1 3 0 0  0.6
0 1 0 0 0 0 0 0 0  0.1



TABLE 6.3. DEFENSIVE BITING IN RESPONSE TO PRESSURE TACTILE 
STIMULATION IN LATRODECTUS HESPERUS.

Specimen 23.6 g 
Piston

36.1 g 
Piston

54.7 g 
Piston

75.4 g 
Piston

Hand-Held Piston, 
Repeated Thrusts

i -
o

bite
Z
3 - - - - bite
4
5 - - - - bite
6 - - - - bite
7
8 
9

- bite - - bite

- - - - bite
10 - - - - -
11 - - — - -
12 - - - - -
13 - - - bite
14 - - - - bite
15 — — — bite bite
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FIGURE 6.1a. SCANNING ELECTRON MICROGRAPH OF FANGS OF L. HESPERUS.
Note serrated edge near the point of articulation.

FIGURE 6.1b. SILK GLOBULE DEFENSE MECHANISM OF BLACK WIDOW SPIDER. 
This viscid silk is sometimes used offensively to immobilize 
prey.



indicate that the distance between the fangs averages approximately 
550 pm. This may be of help to physicians in the diagnosis of 
latrodectism.

The results of the probing experiments appear in Table 6.1.
A consistent feature of these data is the fact that black widows were 

more likely to bite when the cephalothorax was probed than when the 
abdomen was probed. This difference is significant (5% level) in 
females with egg sacs and highly significant in food-deprived females 

(1% level). Normally fed specimens exhibited no significant difference 
between the mean number of bites administered during abdomen and cepha- 
lothorax probing.

The mean number of bites from abdomen probed females was in 

every case quite low. A common reaction (57%) of the spiders was to 
emit one or more silk globules through the spinnerets in the direction 

of the annoyance (Figure 6.1b). Data on the occurrence of this defense 
mechanism are given in Table 6.2. In all tests the spiders attempted 
to escape from physical contact. This was especially noticeable in the 
abdomen probed specimens.

A second prominent feature of the probing data is that the 
cephalothorax probed spiders were more inclined to bite the probe when 

food deprived or guarding egg sacs. The difference in the mean number of 
bites is significant between the well fed females and those guarding egg 
sacs and highly significant between well fed and food-deprived females.

There was no significant difference in the mean number of bites adminis
tered by females in any physiological condition when the abdomen was probed.
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In the probing experiments all sample groups exhibited a large 

standard deviation. This is the result of a high degree of variability 

in the behavioral responses of the tested spiders.
The results of the pressure stimuli experiments are presented in 

Table 6.3. The incidence of biting was exceptionally low in all of the 

constant pressure trials. Even 75.4 g of pressure5 which represents 280 
times the mass of an average female, elicited a biting response in only 
one spider. The most successful of all the experimental procedures for 
provoking a bite was the hand held piston method. These violent, 
repeated thrusts resulted in 60% of the females attempting to bite the 

piston.
t

Discussion

The results of this experiment suggest that black widow spiders 
are hesitant to bite under.most conditions when physically provoked.

The mean number of bites in every sample was low considering each specimen 
was subjected to either 100 probes or tremendous amounts of mechanical 
pressure. This fact supports the contention that black widows are actually 
rather timid creatures when encountering non-prey organisms. Thus, we 
can see that the unfavorable reputation of the black widow is basically 
unfounded and undeserved.

The results of the probing studies demonstrate that black widows 
are more inclined to bite when the cephalothorax is physically contacted, 

especially when the spider is underfed or guarding an egg sac. Kaston1s 
observations (1970) anticipate these findings. Black widows are not apt 
to bite when the abdomen is touched, no matter what the physiological
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condition of the spider. The pressure stimuli results suggest that these 
spiders do not respond by biting when slowly pressured by a physical 
object, but readily do so when subjected to repeated, violent pressure 
stimuli.

These observations are of greater interest when related to the 
statistics indicating the manner in which most people are bitten. The 

typical victim of black widow envenomization 20 years ago was bitten in 
the genitalia while using an outdoor toilet (Gowanloch and keeper 1935; 
Bogen 1932). Modern victims are bitten in the extremities while rapidly 

grasping spider infested objects, walking into webs, slipping into 
clothes or shoes, or crawling into bed. In cases such as these, the 

spider is invariably trapped and violently pressured, the poisonous fangs 
at the anterior margin of the cephalothorax being pressed against the 
human body. Thus, an explanation for the higher incidence of bites when 

the cephalothorax is contacted lies in the fact that the envenomization 
apparatus is appended to the cephalothorax.

When viewed from an evolutionary perspective the timid behavior 
of the black widow spider appears to be a sound strategy. The use of 
venom in arachnids has evolved primarily as an offensive weapon for the 
purpose of securing prey. It is used only occasionally in a defensive 
context because of the energy expenditure requisite to toxin production.
No nutrient is obtained from such a defensive use of the venom as is the 

case when it is used offensively. Thus, selection has most likely favored 
individuals who have evolved alternate strategies such as escape or the 
flexor reflex (feigning death), which are more economical in terms of 
calories expended.
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The viscous silk globule emitted on occasion by black widows when 

disturbed is an important phenomenon first brought to my attention by 
Rich Vetter (1977, research assistant, Arizona State Univ., pers. comm,). 

This defensive response was elicited only when the abdomen of the spider 
was touched. A similar behavior in the closely related species 
Li. tredecimguttatus has been described by Monterosso and Ronsisvalle 

(1947), but in this case the silk globules were used offensively to 
immobilize prey. Smithers (1944) reports that _L. indistinctus uses this 
viscid silk for both offensive and defensive purposes. I have observed 
the offensive use of these globules in L. hesperus also, but only in 

exceptional circumstances such as on very large or active prey items.
On one occasion, an adult female was observed to feed upon a 

silk globule immediately after emitting it. Daily consumption of webbing 
silk is a common protein conservation mechanism in orb-web spiders (Witt 

and Reed 1965), and may serve a similar function for black widows.
The silk globules are apparently produced by the aggregate glands 

and released through the posterior spinnerets, but this point bears 
further investigation. The hardening of spider silk is probably caused 
by protein polymerization, resulting from the semi-liquid silk being 
mechanically stretched as the spider draws the line out of the spinnerets 
(DeWilde 1943). Thus, the silk globules remain in a viscous state, as 
they are ejected directly from the spinnerets with little manipulation by 
the rear legs.

There are diverse views on the evolution.of spider silk (see 
Kaston 1964), but some authorities feel that silk was originally excretory
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matter from abdominal orifices which the spider deposited behind it as 
it ran about (Savory 1960; Bristowe 1958). This developed into the 
silken drag line, eventually becoming the snares that modern spiders use 

as offensive devices. In its earliest usage this excrement was probably 
utilized for defensive purposes to ward off predators. If this theory 

on the evolution of silk is accepted, then the silk globule of the black 
widow spider must be viewed as a primitive function of the silk glands.
It is a behavior that seems energetically quite expensive, but perhaps 

less so than biting.
In conclusion, the generalization can be made that black widows 

are timid creatures when confronting non-prey organisms. Laboratory 
studies and field observations substantiate this claim. Thus, the notor
ious reputation of this spider is largely undeserved. However, because 
of the severity of envenomization reactions, care should be exercised by 

the public in black widow infested areas.

Summary

Black widow spiders were subjected to probing and pressure stimuli 
in order to evoke biting responses. For probing experiments three groups 
or spiders were tested: food-deprived specimens, specimens guarding egg
sacs, and normally fed specimens which served as controls. Results of 
these tests suggest that adult females are more inclined to bite when the 
cephalothorax is probed, and when guarding egg sacs or when hungry. Re

sults of the pressure studies indicate that adult females are not inclined 
to bite when slowly pressured, but exhibit a strong propensity to bite 
when repeatedly and rapidly pressured. A common reaction of the spiders.
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when probed in the abdomen, is to emit viscid silk globules. This is 
probably a primitive feature of the silk glands. It is concluded that 
the threat to man posed by these arachnids has probably been exaggerated.



CHAPTER 7

SAMPLING STUDIES— URBAN VS. RURAL HABITATS 
IN THE SOUTHWEST DESERTS

Introduction
The spider genus Latrodectus is of world-wide distribution in 

the tropical and semi-tropical regions of the world. Our three impor
tant American species range into the temperate zones of the U. S. and 
Canada, being found at elevations from 125 feet below sea level to 
10,000 feet above (Burt 1935). Detailed habitat descriptions for 
American black widows have been given by D 1 Amour et al. (1936), Gowanloch 

(1943), and Kaston (1970).
The suggestion that black widow spiders are becoming preferen

tially associated with urban environments was first put forth by Bogen 
in 1932 in connection with his epidemiological study of latrodectism in 

California. He noted that an increasing number of urbanites were being 
treated at Los Angeles General Hospital,for black widow envenomizations. 
Herms et al. (1935) first distinguished the natural habitat of the black 
widow from its new urban habitat and gave descriptions of each.
Chamberlin and Ivie (1935) attributed the alleged shift in preferred 

habitat to the drought in the West during the 1930,s. They asserted 
that abnormally dry conditions had caused the spiders to wander in search 
of suitably moist locations such as man-made structures. Many authors 
have subsequently cited lack of moisture as the major impetus causing 

this change in habitat. Burt (1935) reported that not only were black
71
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widows invading the cities, but were also increasing in absolute numbers 

in the West. This migration to residential districts was noted by 
D ?Amour et al. (1936) as being due to favorable microenvironmental con

ditions in urban communities. In Argentina, Romana and Abalos (1948) 
reported that Ij. mactans, also native to the U. S., was gradually in
creasing its distribution and becoming more closely associated with man.

The synanthropic character of the black widow spider in the 

Southwest has been of interest to arachnologists since, the reports of 
these earlier authors, but no attempts to quantitatively define the 
growth dynamics of populations in contrasting environments have been 
made. Urban homeowners seem to be under the impression that their 
black widow problems are due to inward migration from pristine areas, 
but intuitively this does not seem to be the case.

These studies were initiated to determine the relative densities 

of populations of Latrodectus hesperus in both natural and urban com
munities and to elucidate the factors contributing to a suitable habitat. 
Indirect sampling methods reflecting local densities were employed for 
these purposes.

A secondary objective of this sampling study was to observe popu

lation fluctuations through time. Precise information on the overwinter
ing capabilities and the initiation of spring populations for jL. hesperus 
is lacking. These preliminary experiments add insight to our knowledge 
of seasonal variations in populations and suggest further analysis of 
black widow demography in the Southwest desert ecosystem.
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Materials and Methods
Six sampling areas were chosen for a comparison of urban and 

pristine black widow populations. Four of the sites were located in 
natural desert environments well outside of the Tucson city limits, 
one at each of the four points of the compass. The two urban sites 

were located near the geographical center of the city, approximately 
2 km from each other (Figure 7.1). Sampling areas were selected on 
the basis of availability, uniformity of substrates, location, and 
likelihood of noninterference by curious urbanites. The sampling grids 
were set up within 12 hours on August 8, 1978.

The indirect sampling methods of this experiment were based on 
the modified bait sampling techniques of La Fage, Nutting, and Haverty 
(1973), with a habitat substrate offered for exploitation rather than a 
food substrate. The habitat substrate chosen was 19.2 cm lengths of
2.4 cm diameter metal or plastic tubing. These tubes were sunk 12 cm 
in the ground and placed approximately 35 cm from each other. The tubes 

simulate rodent burrows, a well known natural habitat of the black widow 
spider (Jellison and Philip 1935; Kaston 1970). Each sampling grid 
consisted of 24 tubes arranged regularly in a 200 cm x 135 cm rectangle. 

Plumbers1 tape was used to reinforce groups of tubes in a grid.
The six sampling grids were inspected at regular weekly or bi

monthly intervals during the study, except during December, when they 
were checked only once. A flashlight was used to detect the presence 

of black widow spiders within the tubes. The number, position, sex, 
and growth stage of all individuals were recorded, as was the location 
of any webbing. Temperature data from the University of Arizona Campbell
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FIGURE 7.1. LOCATIONS OF BLACK WIDOW SAMPLING SITES. Approximately 
2 km separates Grids 5 and 6.
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Avenue Experimental Farm in Tucson was averaged over weekly periods and 

is included with rainfall data in a graphical presentation. The ecologi
cal characteristics of each sampling site are briefly described below:

Grid 1
This northern site (Figure 7.2a) was located approximately 8.1 km 

due north of the city limits in the scrub desert of the Santa Catalina 
foothills. The sampling tubes were placed on Coronado National Forest 
land which is leased to a private group. The area’s vegetation consisted 
of low brush including burroweed (Aplopappus) and Acacia, palo verde trees 
(Cercidium), and cacti such as saguaro (Cereus giganteus), cholla 
(Opuntia), and prickly pear (Opuntia). The elevation was approximately 
2800 feet, and a suburban subdivision lay 200 meters to the west.

Grid 2

This sampling site lay 9.1 km west of the city limits and was 

separated from the metropolitan area by the Tucson Mountains (Figure 
7.2b). The grid was installed on the Saguaro National Monument (West), 
a hilly area at 2400 feet elevation. There was a thin soil profile in 
this area, and the characteristic Sonoran Desert vegetation was present. 
This included creosote bush (Larrea tridentata), burroweed, palo verde, 
saguaro, cholla, and ocotillo (Fouguieria).

Grid 3

This sampling area was located on the Saguaro National Monument 
(East) in the foothills of the Rincon Mountains (Figure 7.2c). This 
scrub desert was 8.5 km due east of the city limits at 2800 feet elevation.
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The area was abundant in cacti such as cholla, prickly pear, saguaro, 
and barrel (Ferocactus), and in low brush such as creosote, mesquite 
(Prosopis), and burroweed. This land has been grazed by cattle in the 

last 25 years, hence an abundance of secondary scrub vegetation.

Grid 4
The southern grid was placed 8.2 km south of the city limits 

on a shrub-invaded desert flatland next to a large wash (Figure 7.3a). 
The elevation was 2600 feet and the vegetation was dominated by Acacia 
and creosote bush. A few houses, trailers, and abandoned man-made 
dwellings were in the immediate area of the sampling site. The tubes 
were located within the chain-link fence confines of a city well pump 
station. The improved substrate consisted of a layer of gravel covered 

with a 15 cm layer of topsoil and was regularly cleared of vegetation.

Grid 5
This urban site was located in the midst of a residential area, 

on an improved, abandoned city well at 2530 feet elevation (Figure 7.3b) 

The sampling tubes were shaded from the south by large bushes.

Grid 6
The second urban grid was again located on a city well site at 

an elevation of 2400 feet (Figure 7.3c). Residential homes were in the 
immediate vicinity, and a wall partially shaded the tubes from the east.

Results
The habitat sampling technique used in this experiment proved 

effective in estimating spider densities in a given area. The spiders

/



FIGURE 7.2a. GRID 1. 
FIGURE 7.2b. GRID 2. 
FIGURE 7.2c. GRID 3.

Northern rural sampling site 
Western rural sampling site. 
Eastern rural sampling site.
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FIGURE 7.3a. GRID 4. Southern rural sampling site.
FIGURE 7.3b. GRID 5. La Jolla Cir. urban sampling site.
FIGURE 7.3c. GRID 6. Campbell Ave. urban sampling site.
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readily colonized the presented substrates, building their retreats 
within the tubes and constructing their catching webs on the metal frame 
work (Figure 7.4). Individuals of both sexes and all growth stages were 
observed to inhabit the grids during the course of the study.

The results of this experiment are presented in Table 7.1 and 

graphically depicted in Figure 7.5. These data support the hypothesis 
that black widow spiders are more prevalent in urban than natural eco
systems. The total number of residents of a sampling grid, represented 
by the area under the curve, is seen to be greater in the urban grids 

(5 and 6) than in the rural grids. Grid 5 consistently had the highest 
population density throughout the sampling period, while Grid 6 was the 
only site to be continually inhabited from initial colonization to the 

conclusion of the study.
All of the sites except Grid 5 exhibited an initial lag period 

before the appearance of the first colonizers. Thirty-six days elapsed 
before arrival of a spider at Grid 4, while Grid 2 had a 52 day lag 
period. All the early inhabitants were immature forms; a minimum of 

four weeks before the appearance of adult forms was recorded for Grid 5. 
Grids 1, 2, and 3 had only immature residents at any time. Grid 4 had 
one adult on only two sampling occasions.

Grids 1, 2, and 3 seem to represent the population dynamics 
typical of a pristine environment. Immatures dispersed to the sampling 
sites in August and September, and the diminutive populations died out 
in late September or October. Grid 4 was similarly colonized in Septem
ber, but the population persisted at moderate levels through the con

clusion of the study. Grid 5 was colonized immediately. Habitation of
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FIGURE 7.4. WEB OF L. HESPERUS CONSTRUCTED ON SAMPLING TUBE. The dense 
retreat can be seen within the tube, while catching threads radiate 
from it.
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TABLE 7.1. BLACK WIDOW SPIDERS OBSERVED IN SAMPLING GRIDS.

Sampling Date

August September October November Dec anuary February Mar
Grid number ' 15 23 30 6 13 20 29 13 27 10 29 29 i 26 9 23 9

Adults 0 0 0 0 0 0 0 0 0 0 0 0 <l 0 0 0 0
Jl

Immatures 0 1 1 2 1 0 0 0 0 0 0 0 d
i
! 0 0 . 0 0

Adults 0 0 0 0 0 0 0 0 0 0 0 0 >■ f 0 0 0 0
2
Immatures 0 0 0 0 0 0 1 1 0 0 0 0 d! 0 0 0 . 0
Adultso 0 0 0 0 0 0 0 0 0 0 0 0

1
. I 0 0 0 0

Immatures 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0
Adults 0 0 0 0 0 0 0 0 1 0 . 0 0

i
c!■ 0 0 1 0

4 !
Immatures 0 0 0 0 1 1 1 2 2 1 • 3 0 ' i 1 1 1 2
Adults 0 0 0 , 0 1 0 3* 2 4 2 1 0 0 . 0 0 1

5
Immatures 3 9 15 16 7 9 6 5 4 5 5 4 c 1 1 2 2
Adults

£
0 0 0 0 0 0 0 0 1 • 2 1 1 i( 1 1 1 1

o
Immatures 0 0 5 4 4 5 4 3 4 1' 2 3 i! 1 0 0 0

* One male observed on this date. |
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FIGURE 7.5. DENSITY OF BLACK WIDOWS AT SIX SAMPLING SITES IN 
THE TUCSON AREA. Grids 1-4 are located in pristine environ
ments. Grids 5 and 6 are located in the city.
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this site was maintained at fairly high levels and is seen to have made 
an upward surge in early spring. Grid 6 was colonized in late August 
by large numbers of immatures. The resident population persisted at 
moderate levels throughout the study.

Figure 7.6 illustrates the population of Grid 5 in relation to 
the concurrent meteorological conditions. The population reached its 
peak in early September as the mean weekly temperatures reached their 
highest level; it then began to decline as the temperatures dropped.

The population fell to very low levels in January when mean temperatures 
were low and precipitation great. Interestingly, adult inhabitants 
disappeared during this period, while in Grid 6 the adult residents 
sustained the population until spring. A steady increase in inhabitants 
of Grid 5 is accompanied by a simultaneous increase in average tempera
tures in February and March.

Discussion

The results of this experiment suggest that black widow spiders 
favor an urban over a rural habitat in the Southwest deserts. This 
evidence supports speculation to this effect which has persisted among 
authorities for almost fifty years.

It has been established that habitat preferences in the genus 
Latrodectus are in some cases species-specific (Smithers 1944; Bettini 
1964). In South Africa, Ij. indistinctus constructs its web in small 
bushes or heaps of debris, but never in the immediate precincts of a 
building. Similarly, Ij. pallidus builds its webs in shrubs on the 
plains of Israel (Shulov 1940). On the other hand, L,. geometricus.
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which is sympatric with L̂. indistinctus iii South Africa, is most often 
found in and around man-made structures, while _L» hasselti Thorell of 
Australia is closely associated with man throughout the year (Bettini 

1964).
Despite these species-specific traits, some members of the genus 

are considerably more flexible in their choice of habitats. Latrodectus 

tredecimguttatus situates itself in rodent holes and in the corners of 
buildings in the Mideast, but is recorded as an inhabitant of shrubs in 
southern Europe (Shulov 1940) . In America, L. mac tans and L̂. hesperus 
construct webs in burrows or in vegetation in pristine environments and 
around man-made structures in the city.

Nelson (1978) points out that no medically important _ar±hropod 
is strictly urban in its distribution. This generalization certainly 
holds true for L̂. hesperus, 1L. mactans, and I.. tredecimguttatus, the 
three species in the genus of greatest public health importance.

When associated with the urban biocenose, black widows are 
peridomestic * in their ecology. Pefidomestic arthropods primarily feed, 
rest, and reproduce outdoors within the immediate areas of man-made 
shelters, but occasionally are found indoors (Trpis and Hausermann 1975).

If we view urbanization as a selective pressure manipulating the 
organisms upon which it impinges, then the occurrence of black widows in 
an urban setting has resulted from either selection acting on the pre

existing populations or preadaptation to the conditions of urbanization 
(Nelson 1978). . Given the ecological flexibility within the genus and 
within many of the species, and given the time factor involved, I tend 
to favor the second alternative. The physical characteristics of the
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urban ecosystem simulate the preferred natural habitats of black widows 5 
creating a vast new domain for exploitation.

Urbanization is defined by Surtees (1971) as "the replacement of 
a natural ecosystem by a dense focus created by man and containing man 
as the dominant species and environmentally organized for his survival,"

It is a dynamic ecological process which drastically modifies environ

ments in short periods of time. Urbanization creates substrates that 
supply the biotic and abiotic requirements for feeding9 reproduction, 
and development of various members of the community. While this process 
favors the existence of some organisms, in most cases it eliminates niche 
requirements of native species, leading to their extinction in the area. 
Thus, species relationships are altered and a limited number of organisms 

occur in unusually dense aggregations. Such is the case for black widow 
spiders of the Southwest, which occur in unprecedented numbers in the 

city.
I have identified four major aspects of manTs activities and his 

environment which contribute to the success of Latrodectus in the peri- 
domestic habitat: (1) man-made structures, (2) irrigation and other water
usage, (3) synanthropic food sources, and (4) transport of various life 
stages by human carriers. Each of these artificially created conditions 

has contributed in converting the primary, desert community to the second

ary, cultural community in which these spiders thrive.
Man-made shelters serve as the principal microhabitat for con

struction of webs in the city. Only occasionally have I seen webs on any 
type of living plant such as a palm tree. Buildings provide the ideal 
structural characteristics for a web site; corners for support of a large
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catching sheet, and cryptic interstices for location of the retreat. 

Man-made structures also provide shade against the desert sun and shelter 

the webs from inclement weather conditions.

Artificial irrigation practices have created oases in the desert 
which are conducive to arthropod life. Black widows are apparently sen
sitive to moisture changes, as dry conditions cause them to migrate to 
alternate habitats (Burt 1935; Chamberlin and Ivie 1935). Smithers (1944) 

states that _L. indistinctus changes its preference for web sites in the 
more arid parts of South Africa. Thus, water usage by homeowners and 
irrigation for agricultural purposes have succeeded in modifying the 

pristine desert environment, giving rise to mierohabxtarts suitable for 
the survival and reproduction of the black widow spider.

One of the most important factors leading to the success of black 
widows in an urban setting is the great abundance of insect life asso
ciated with man and his activities. Synanthropic insects thrive in 
cities for many of the same reasons as do black widows and serve as the 
primary food resource of this spider.

Finally, human induced transportation of black widows supplements 
their natural means of dispersal, allowing them to become established in 

ever increasing areas. According to Smithers (1944), 1L. geometricus was 
most likely introduced to South Africa at some unknown date, while 
L. mactans which flourishes in Hawaii, was apparently imported from the 
West Coast in the 19201s (Illingworth 1931). The cryptic habits of these 
spiders afford them easy concealment in boxcars (DTAmour et al. 1936), 
crates (Turner 1939), ornamental plants, automobiles, and bicycle seats
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(Smithers 1944)» Their ability to withstand temperature extremes further 
facilitates these modes of dispersal.

It is well known that spiders disperse primarily as early instar 
immatures by means of "ballooning". The results of this experiment sub

stantiate this fact, as all the initial arrivals at the sampling sites 
were immature forms. There is no reason to believe that any of the adult 
female inhabitants present at the grids had migrated there. The fact 
that Grid 5 was colonized within a week after installation indicates a 
high density of resident black widows in the surrounding area.

An unusual feature of the experimental data is the fact that
Grid 6 had lower populations and was colonized at a slower rate than Grid
5. Both are urban locations. A possible explanation is that Grid 5 was 
shaded from the south by bushes. Thus, for the greater part of the day, 
the sampling tubes were not exposed to direct sunlight. Grid 6 was
shaded on the east by a low wall for only the early part of the day, so
that this population may have been more heat stressed.

Grid 4 is the only' rural site that was inhabited throughout most 

of the sampling study. Inspection of adjacent pumping machinery and 
nearby structures revealed a large resident population of black widows. 
Thus, this sample may be biased due to the occurrence of artificial 
substrates in close proximity.

Much has been written concerning the overwintering habits of 

the genus Latrodectus, of both a speculative and an observational nature. 

Jellison and Philip (1935) state that lu. hesperus of both sexes and all 
growth stages may be found hibernating below the frost line in abandoned 

rodent burrows. Burt (1935) reports similar observations for L. mactans.
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Kaston (1970) feels that adult males of our three Ih S. species do not 
overwinter because of their brief life span. This is known to be the 
case for _L. indistinctus in South Africa (Smithers 1944) . Ii. geometricus 
males5 however, can be found throughout the year in the same country. 
Shulov (1940) has observed that the immatures of Ii. tredecimguttatus may 
overwinter within the egg sac in Israel. Clearly3 there is some degree 
of plasticity in overwintering capabilities within the genus.

Observations made during this study indicate that Ii. hesperus 
may overwinter as adult females or as larger immatures of either sex 
(see Table 5.1). The only mature male sighted during the sampling period 

was present for one observation in late September on Grid 5. Since 
females may live for two years or more^ they must be able to survive 
winter conditions at least once in their lifetime.

The immatures observed during these colder months were all rather 

large (5th instar or later). These individuals were apparently the result 
of late season breeding. Their development was essentially halted during 
the winter; they matured in the spring.

The fact that the urban population densities parallel the mean 
temperatures is due to a number of factors. Low temperatures are most 
likely lethal to early instar spiderlings and adult males. In addition, 
the food resources on which these spiders depend dwindle during the cold 
months. Thus, the overwintering female probably does not feed, her 

metabolic rate being maintained at a reduced level.

This experiment is intended to serve as a preliminary study 
delineating the geographical and seasonal distribution of L̂. hesperus in 
the Sonoran Desert. Rigorous sampling programs must be implemented for
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several years to answer some basic questions raised by this studya 
Pertinent questions include: (1) If black widows do not occur in great
numbers in unmodified lowland deserts, what natural habitats do they 

occupy? (2) Is elevation a critical factor in this distribution? (3) 
Do adults and sub-adults migrate? (4) Are these spiders temperature 
or moisture limited? These and other questions must be addressed in 
order to reach a better understanding of the population dynamics of 

Latrodectus hesperus.

Summary

Six sampling sites were chosen in the Tucson area for indirect 
sampling of local black widow populations. Four of the sites were 
located outside of the city in the four main compass directions, the 

other two were located within the city. Populations at the two urban 
sites were consistently higher than at the rural sites, indicating a 
preference for habitats associated with man. • These urban habitats 
provide structural, moisture, and trophic requirements of the spiders 
which are lacking in pristine environments. Black widows overwinter 
as adult females and large immatures in the Southwest deserts. Adult 
males probably cannot survive the winter.
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