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Starving infecund widow spiders maintain sexual
attractiveness and trade off safety
for enhanced prey capture

Andreas Fischer,’?3* Natalie De Vita,' Sophia Phillips Sproule," and Gerhard Gries'

SUMMARY

Starving animals must balance their resources between immediate survival and future reproduction. False
widow spiders, Steatoda grossa, inhabit indoor settings with scarce prey. Here, we investigated the ef-
fects of lengthy starvation on the physiology, web architecture, sexual signaling, and reproductive suc-
cess of S. grossa females. Compared to well-fed females, starving females (1) lost body mass faster, (2)
had lower survival, (3) produced more silk for prey capture than for safety, and (4) deposited less contact
pheromone components on their webs but accelerated their hydrolysis to mate-attractant components.
As starving females became infecund - but still attracted and copulated with males - they misguided males
that would gain reproductive fitness by selecting fecund females. Whether starving females store sperm
and potentially regain fecundity upon feeding is still unknown. Our study shows how prey shortage
shapes sexual signaling, predation, and reproductive behavior of S. grossa females that seem to engage
in deceptive signaling.

INTRODUCTION

Starving animals must balance their resources (e.g., physical energy and time) between immediate survival and future prospects for repro-
duction." For instance, starvation can lead to delayed sexual maturation, decreased mating frequency, and offspring production, while
concurrently requiring lower metabolism to conserve resources (reviewed in °). When dire circumstances persist, energy-saving tactics
may become detrimental to fitness, setting the stage for the evolution of plastic reproductive strategies to secure mates.”

Sexual communication signals between co-evolved senders and receivers help secure mates.” On average, signals accurately represent
the ‘state’ of signalers typically aligning with their 'needs’, whereas rare cheaters communicate based on their ‘'needs’ without honestly dis-
playing their poor ‘state’.® Honest signals may be conserved through their high production costs that inferior-quality individuals cannot
afford.” This concept is exemplified in the vibrant plumage of male house finches, Carpodacus mexicanus, that fades with poor nutrition.’
Similarly, the integrity of acoustic, vibratory, and semiochemical signals may diminish under nutritional stress.”"" It follows that starving sig-
nalers might accrue reproductive fitness benefits by producing sexual signals that hide their poor physiological state. Lengthy starvation is
particularly costly to unmated females, because their lineage would end without offspring. This risk may prompt terminal investment in repro-
duction,'? even at the cost of accelerating mortality.'®'* Starvation is likely costlier to females than to males, because females bear the costs
for producing both large gametes and sexual signals.'”

The energy costs associated with the production of female sexual signals have hardly been studied despite their relevance in sexual
signnaling.®'® Chemical communication signals are particularly important, as they are used across the animal kingdom,'” and are deemed
the most ancestral mode of communication.'® Contrary to the claim that pheromone production is not expensive,'”"'”?" empirical evi-
dence supporting this claim has been presented in only a single study,”” whereas fitness costs — such as reduced lifespan — incurred
from pheromone production have been demonstrated in four empirical studies.'®?**° High nutritional costs for pheromone production
would result in sexual signals affordable only by signalers in prime condition, whereas starved signalers would display their poor condition
to prospective mates.

Assessing a prospective mate is adaptive in that the number of offspring produced hinges on the quality of both mates.”® Mating
with a low-quality partner may reduce the lifetime reproductive output of the high-quality partner.*?/*® Additional time and energy
costs incur during mate-calling and mate-search””*° — which can be dangerous”'*' — and during courtship upon mate encounter.”*?
All these costs can be substantial even in promiscuous species,”’ because resources spent on low-quality mates cannot be recovered.
Missed-opportunity costs arise when high-quality mates require costly mate-search.>’~** Lastly, monopolizing reproductive tactics such
as mating plugs,” genital mutilation,*® or even sexual cannibalism® constrain mate-choice, resulting in fitness costs when the potential
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partner is a low-quality mate.” In cannibalistic species, the risk of being eaten by a mating partner may be amplified when this partner
has been starving.*”*° To attain quality mates, starving signalers that can still afford the signal costs would benefit by hiding their poor
physiological state.® Signal recipients, in turn, would benefit from being able to assess the condition of a signaler, such as its hunger
state, ideally prior to investing time and energy for locating the signaler. Locating a signaling mate can be particularly challenging for
synanthropic species.”’

Urban or indoor habitats are often characterized by food scarceness, low relative humidity, and fragmented resources, presenting chal-
lenges to animals.”” Theridiid cobweb spiders commonly occur indoors.*® These sit-and-wait predators build their web over long periods
of time,*** repeatedly adding nutritiously costly proteinaceous silk to their web.*® They almost exclusively capture and consume arthro-
pods,*’*® which are relatively scarce indoors,”” " and are declining in the Anthropocene.>*** This prey shortage also affects the predators
of cobweb spiders, such as other spiders, rodents and lizards.”” To survive, cobweb spiders likely trade off safety (the risk of becoming prey)
for prey capture (the opportunity of catching prey).>

Starving predators with an ever increasing need for food trade off safety for prey capture, whereas well-fed animals tend to be risk-
averse.”* Cobweb-building spiders are fascinating model organisms for studying this trade-off. The webs of widow spiders have distinct re-
gions for safety and prey-capture (Figure 1A).”>°® Glue-impregnated silk strands attached to the ground serve as physical means to entangle
pedestrian prey, whereas the retreat corner — characterized by high silk-strand density — provides refuge and protection. Sated females of
western black widow spiders, Latrodectus hesperus, invested more energy in the safety section of their web, whereas five-day-starved females
produced proportionally more prey-capturing silk, revealing need-dependent plasticity in web-architecture.> However, the effect of lengthy
starvation on web-architecture and on web-derived signals has yet to be investigated.

Working with unmated females of the false widow spider, Steatoda grossa — a close relative of L. hesperus — we investigated the effects of
lengthy starvation on the females’ physiology, web-architecture, sexual signals, and reproductive success. Mature females are sedentary on
their cobweb,’" whereas males search for, and are attracted by, the females’ sex pheromone.”® Females deposit courtship-inducing contact
pheromone components on their web, which then hydrolyze to mate-attractant pheromone components.®” Specifically, the contact phero-
mone components N-4-methylvaleroyl-O-isobutyrol-L-serine (1), N-4-methylvaleroyl-O-butyroyl-L-serine (2), and N-4-methylvaleroyl-O-hex-
anoyl-L-serine (3) induce male courtship, and enzymatically hydrolyze to the corresponding mate-attractant pheromone components butyric
acid (4), isobutyric acid (5), and hexanoic acid (6), all of which readily disseminating from the web, with N-4-methylvaleroyl-O-serine (7) remain-
ing on the web (Figure 1B). Both the hydrolysis ratio of contact pheromone components and the web-architecture are plastic, being modu-
lated by females in response to perceived same-sex competition.”® During courtship, a male bundles up the female’s web, thereby increasing
his chances to copulate.®® Sexual cannibalism may occur for 5% of males.®® Globally distributed, S. grossa is commonly found indoors,®" but
ancestrally may have inhabited caves.®” That S. grossa apparently withstands several weeks of starvation without noticeable physiological
changes® implies evolutionary adaptations to habitats with periodic and sustained food shortages. Females may live for several years,
whereas males die within a few months of maturation.®*>

Considering the extended lifespan of S. grossa and its apparent adaptation to lengthy starvation,®” and building on the need-perceived
plasticity of sexual signaling and web-architecture in S. grossa,” we tested four hypotheses: starving females (1) lose weight faster and die
sooner than fed females, (2) produce lower-density webs with more prey-catching gum-footed lines, (3) adjust the deposition of courtship-
inducing contact pheromone components and their hydrolysis to mate-attractant pheromone components, and (4) produce dishonest sexual
signals not reflecting their poor fecundity.

RESULTS
Hypothesis 1: Starving females lose weight faster and die sooner than fed females
Starvation significantly reduced the body mass of S. grossa females. Both starved females (N = 69) and fed females (N = 69) lost body mass
steadily over 42 weeks (GLMM, N = 138, %«2=128.00,df =1, p <0.001, Exp. 1, Figure 2A) but food- and water-deprived females lost body mass
significantly faster (GLMM, N = 138, %2=138.49,df=1, p <0.001, Exp. 1, Figure 2A). This differential loss of body mass between starved and
fed females took effect only after 12 weeks (Tukey post hoc test, z = 7.96, p < 0.001).

Starving females had a 71% greater mortality risk than fed females (COX-PH, N = 138, w2 =409, df =1, p = 0.04, Exp. 2, Figure 2B). At
week 34, >50% of starving females were dead, whereas 58% of fed females were still alive at week 42 when the experiment was terminated
(Figure 2B).

Hypothesis 2: Starving females produce lower-density webs with more prey-catching gum-footed lines

The density of webs (silk strands per cm® of web) declined over time (GLMM, N = 38, = 15.33, df = 1, p < 0.001, Exp. 3, Figure 2C), with
similar declines across the webs of 19 starving and 19 fed spiders (GLMM, xz =058, df =1, p = 0.446, Exp. 3, Figure 2C). Likewise, over time
there were fewer silk strands in the safety section of webs (GLMM, N = 38, «%=894,df =1, p < 0.001, Exp. 3, Figure 2D). Reduced investment
in ‘safety silk’ was more evident in webs of starving females than fed females (GLMM, > =4.57,df=1, p=0.032, Exp. 3, Figure 2D). All females
produced fewer prey-catching gum-footed lines over time (GLMM, N = 38, x2 =5.72,df=1,p=0.016, Exp. 3, Figure 2E), with no differential
effect between starving and fed females (GLMM, ¥2=0.02, df =1, p =0.894, Exp. 3, Figure 2E). For all spiders, however, there was a trade-off
between predation and protection (the opportunity of catching prey versus not becoming prey) (GLMM, N = 38, %2 = 48.99, df = 1, p < 0.001,
Exp. 3, Figure 2F). Compared to fed spiders, starving spiders produced relatively more silk strands for prey capture than for protection
(GLMM, %2 = 4.43, df = 1, p =0.035, Exp. 3, Figure 2F).
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Figure 1. Web architecture and sex pheromone of Steatoda grossa, and experimental procedures

(A) Cobweb of S. grossa female, with distinct safety section (brown) and prey-capture section (blue).

(B) Sex pheromone components of female S. grossa: three courtship-inducing contact pheromone components [N-4-methylvaleroyl-O-butyroyl-L-serine (1), N-4-
methylvaleroyl-O-isobutyroyl-L-serine (2), and N-4-methylvaleroyl-O-hexoyl-L-serine (3)], hydrolyze at the ester bond, and release three corresponding mate-
attractant pheromone components [butyric acid (4), isobutyric acid (5), hexanoic acid (6)], whereas the hydrolysis product N-4-methylvaleroyl-L-serine (7)
accumulates on the web.

(C) Experimental spiders: unmated females — matched by age and body condition — were either fed or starved.

(D) Web density was measured with a metal rod marked in 1-cm intervals by counting the number of silken strands in each interval. The rod was inserted either
vertically 1 cm away from the vertex of the triangular prism in the retreat corner (hR) and the non-retreat corners (h1, h2) of the web, or horizontally at the top of the
retreat corner (SR) and the non-retreat corners (s1 and s2) of the triangular prism, pointing to the center of the corresponding hypothenuses. Respective horizontal
measurements were taken at the mid-height point of the lateral edges.

Hypothesis 3: Starving females adjust the deposition of courtship-inducing contact pheromone components and their
hydrolysis to mate-attractant pheromone components
Starvation had a strong effect on the amount of contact pheromone components that females deposited on their webs (GLMM, N = 38, % = 14.98,
df=1,p<0.001, Exp. 4, Figure 3A). Over time, starving females deposited less pheromone than fed females (GLMM, w2 =1141,df=1,p<0.001,
Exp. 4, Figure 3A). When the amount of pheromone was normalized on the number of silk strands per web, fed females deposited more pher-
omone over time, whereas starving females deposited less (GLMM, 2 =1118,df =1, p < 0.001, Exp. 3, Figure 3B). Similarly, webs of starving
females, but not of fed females, released lower amounts of mate-attractant pheromone components over time (GLMM, xz =558,df=1,p=
0.018, Exp. 4, Figure 3C).

As starved and fed females aged, they increased hydrolysis of contact pheromone components on their webs to mate-attractant phero-
mone components (GLMM, N = 38, Xz =8.803,df =1, p <0.001, Exp. 4, Figure 3D). This increase in contact pheromone hydrolysis was greater
in starving females (N = 19) than in fed females (N = 19) (GLMM, % =4.03,df =1, p = 0.045, Exp. 4, Figure 3D).

Hypothesis 4: Starving females produce dishonest sexual signals not reflecting their poor fecundity

Starvation (28 weeks) of female spiders did not diminish their webs' attractiveness to males. Frames bearing the webs of fed females (N = 19;
Exp. 5) and starved females (N = 19; Exp. 6) were more attractive to males than empty frames (Exp. 5: 13 vs. 5; binomial test, p = 0.048;
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Figure 2. Effects of starvation on the physiology and web architecture of unmated female Steatoda grossa

A) Changes in body mass over time of 69 fed and 69 starving females.

B) Survival probability (Kaplan-Meier plot) of 69 fed and 69 starving females.

C) Changes in silk strand density of 38 entire webs.

D) Changes in numbers of silk strands/cm? in the web safety section of 38 webs.

E) Changes in numbers of silk strands/cm? in the web prey-capture section of 38 webs.

(
(
(
(
(
(

F) Silk strand ratio of the web prey-capture section to the web safety section of 38 webs.

Green- and red-colored symbols represent data of individual fed and starving females, respectively. Solid lines represent curves fitted from generalized linear

mixed models, with shaded areas indicating 95% confidence intervals for panels A, and C-F. An asterisk (*) denotes a statistically significant difference between

data of starving and fed females; 'n. s." = not significant.

Exp. 6: 16 vs. 4; binomial test, p = 0.006, Figure 4A). When males were given a choice between frames bearing the web of a starving female or a
fed female, they exhibited no preference (Exp. 7: 9 vs. 9; binomial test, p = 1.00, Figure 4A), even though webs of females starving for 28 weeks
released 20% less pheromone than webs of fed females (Tukey post hoc test, z = 2.10, p = 0.035).
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Figure 3. Effects of starvation on sex pheromone production of unmated female Steatoda grossa

(A) Amount of contact pheromone components deposited by 38 females on their webs.

(B) Amount of contact pheromone components per silk strands of 38 webs.

(C) Amount of mate-attractant pheromone components released from a web.

(D) Breakdown ratio of contact to mate-attractant pheromone components.

The green- and red-colored symbols represent data of individual fed and starving females, respectively. Solid lines represent curves fitted from generalized linear
mixed models, with shaded areas indicating 95% confidence intervals. An asterisk (*) denotes a statistically significant difference between data of starving and fed
females.

Starvation did not affect the females’ ability to secure a mate, but it did affect their lifetime reproductive success. The extent of time males
courted on webs of fed and starving females did not differ (U-Test, Nfeq = 17, Netarvea = 17, W = 154, p = 0.757, Exp. 8, Figure 4B), even though
at week 28 webs of starving females bore 53% less contact pheromone components than webs of fed females (Tukey post hoc test, for entire
webs: z = 2.61, p = 0.009; for silk strands: z = 2.05, p = 0.040). Fifteen fed females and 13 starving females copulated (Fisher test, N = 34, p =
0.656, Exp. 8, Figure 4C). Fed females stayed in copulatwice as long as starving females (t-test, t = 3.72, df = 25.99, p < 0.001, Exp. 8, Figure 4C).
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Figure 4. Effects of starvation on unmated female Steatoda grossa on their ability to secure a mate and on their lifetime reproductive success
(A) Attraction of males to webs of starving and fed unmated females; central gray boxes represent non-responders.

(B)
(C) Time that fed and starving females stayed in copula; black squares and whiskers represent the mean and standard error.
(D) Boxplots showing the number of viable offspring produced by fed and starving females during their life.

In B, C, and D, colored symbols represent data of individual bioassay replicates. An asterisk (*) denotes a statistically significant difference between data of

Violin plots indicating the duration males courted on webs of fed and starving females, with the horizontal bar representing the median.

starved and fed females; n. s. = not significant.

Only a single male was cannibalized by a starving female. Unlike fed females, starving females — despite copulation - failed to produce
offspring (U-Test, Neg = 17, Ngtarvea = 17, W = 162.5, p < 0.001, Exp. 8, Figure 4D).

DISCUSSION

Having starved for a long time, unmated S. grossa females still engaged in sexual signaling and attracted males despite their complete loss of
fecundity. Starving females produced as much silk as fed females but changed their web's architecture, in that they produced more ‘prey-
capture silk’ than ‘safety silk’. Males were equally attracted to webs of starving and fed females and courted equally long on either type of
web. However, males stayed in copula with fed females twice as long as with starving females. The incidence of sexual cannibalism did
not increase with starvation. Our study demonstrates the ability of S. grossa to withstand extreme starvation stress and it suggests deceptive
signaling by females.

Hypothesis 1: Starving females lose weight faster and die sooner than fed females

We had predicted that starving females suffer significant losses in body mass and experience a shorter life than fed females, but we were
surprised to find that effects of starvation became apparent not before 12 weeks after experiment initiation, with many spiders still being alive
after 42 weeks of starvation. Obviously, false widow spiders are remarkably well adapted to periodic or sustained food shortages in the urban
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environment they inhabit. That the growth trajectory of developing S. grossa slows during prey scarcity® is yet another adaptation to cope
with prey shortages. Similarly, synanthropic redback spiders, Latrodectus hasselti, survive nearly six months without food,*’ but western black
widows, in contrast, exhibit physiological distress just one week after food deprivation.” Resilience to starvation is common among urban
arthropods, such as bed bugs, Cimex lectularius, or cockroaches, that can withstand lengthy starvation.’®®” The mechanisms enabling lower
metabolic rates and energy conservation during starvation are well documented,”*’° particularly for ectoparasites such as bed bugs and
ticks.”"’? Predators, including web-building spiders, depend on the presence of arthropod prey, which tend to be scarcer in human dwellings
than in natural landscapes.’”~>* Limited prey availability in urban habitats affects not only spiders but also vertebrate predators, such as great
tits, Parus major, that in response to prey shortage produce smaller broods with lower nestling survival.”® Lack of food forces animals to aban-
don risk-averse behavior in favor of risk-taking behavior with better chances of finding food.>

Hypothesis 2: Starving females produce lower-density webs with more prey-catching gum-footed lines

Foraging behavior of animals without becoming prey themselves is based on a state-dependent cost-benefit trade-off.”* Natural selection
favors behavior that helps secure food in the safest manner possible. Foraging squirrels, e.g., favor lower-value safe food to higher-value risky
food.”*’® The starvation-predation hypothesis states that risk-prone behavior is favored when the threat of starvation supersedes the danger
of becoming prey.””””® This hypothesis is supported by the plastic behavior of sessile cobweb spiders. When hungry, females of L. hesperus
and the bell-shaped cobweb spider, Campanicola campanulata, produce more prey-capture silk than ‘safety’ silk for their webs' retreat.””””
Conversely, well-fed female C. campanulate triple the silk volume in their retreat.””

Our findings support the starvation-predation hypothesis in that starving S. grossa females increased the ratio of prey-capture silk to safety
silk more quickly than fed females (Figure 2F). However, starving females did not produce more prey-capture silk (Figure 2E) but — instead —
produced less safety silk for their webs' retreat (Figure 2D), maintaining a similar overall web density as fed females (Figure 2C). As prey-cap-
ture silk contains nutrient-rich glue®® and unfed females are nutrient-starved, this conservative investment in prey-capture silk seems prudent.
It is somewhat perplexing, though, that starved females kept an overall high web density (Figure 2C) because silk production incurs high
nutrient costs,”® and web production costs are particularly high for cobweb spiders which do not consume silk, and continually extend their
web throughout their life.*> Females of S. grossa even appropriate pre-existing web-like structures to save costs associated with building a
web de novo.**®! The silk strand density of webs might also serve as an honest signal to males that make contact with the entire web during
their web-reducing courtship.®®

Hypothesis 3: Starving females adjust the deposition of courtship-inducing contact pheromone components and their
hydrolysis to mate-attractant pheromone components

Sex pheromone production by starving female S. grossa was significantly compromised. Compared to fed females, starving females lowered
production and deposition of contact pheromone components on their web (Figure 3A) that prompt courtship by males and that hydrolyze to
mate-attractant pheromone components (Figure 3C). However, starving females compensated for diminished amounts of contact phero-
mone components by increasing their hydrolysis ratio to mate-attractant pheromone components (Figure 3D), essentially maintaining their
web's attractiveness to mate-seeking males (Figure 4A). These data imply substantial energetic costs associated with pheromone production,
and they unravel mechanisms that help starving females stay attractive to males and hide their poor physiological state.

Production costs of the contact pheromone components 1, 2, and 3 are deemed high because they contain nitrogen and are bio-
synthesized through amino acid metabolism.®®* This concept of costly pheromone biosynthesis by widow spiders was first invoked for
the sex pheromone of female L. hesperus™ that produce sex pheromone components structurally similar to those of S. grossa."svieed in 83
Silk extract of starving female L. hesperus prompted less ‘activity’ by conspecific males than silk extract of fed females, indicative of quanti-
tative differences in deposited and extracted pheromone.” In our study, female spiders curtailed contact pheromone deposition in response
to starvation — implying significant pheromone production costs — but the success of this cost-saving measure hinges on the response of
conspecific males.

Hypothesis 4: Starving females produce dishonest sexual signals not reflecting their poor fecundity

Webs of starving female S. grossa remained as attractive to mate-seeking males as webs of fed females (Figure 4A). Even though starving
females were in poor condition (Figure 1A), and not fecund (Figure 4D), their web-derived pheromone signals misinformed mate-selection
by males that would gain reproductive fitness by selecting — instead — fecund females in prime physiological condition. Starving females
achieved this deception by accelerating the hydrolysis of contact pheromone components to mate-attractant pheromone components,
thereby compensating for the diminished amount of contact pheromone components they were able to deposit on their web (Figures 3A
and 3C). Upon arrival on webs, males still courted starving females as much as fed females (Figure 4B), even though webs of starving females
bore 53% less contact pheromone components. The males’ indiscriminate responses suggest that deposits of contact pheromone compo-
nents on individual silk strands (Figure 3B) were still sufficient to not lessen courtship. This interpretation is in line with previous findings that
male S. grossa reduced courtship efforts only when the concentration of contact pheromone decreased by more than 10-fold.*”

Males copulated with starving unmated females as readily as with fed unmated females (Figure 4C), suggesting that the poor physiological
condition of starving females was not apparent to males. In some arthropods, however, starving females are not as readily mated, or - alter-
natively — they accept mates less often.””* For example, hungry females of Gerris buenoi water striders are less ready to mate than satiated
females.®” That starving female S. grossa stayed in copula much shorter than fed females (Figure 4C) parallels finding in others insects.”* For
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example, female small water striders, Microvelia austrina, copulate for shorter periods in response to starvation.” In S. grossa, shorter copu-
lation times do not necessarily reflect diminished sperm transfer. In many theridiid spiders, sperm is transferred mostly at the beginning of
copulations,®® inspiring studies to investigate the biological significance of lengthy or repeated copulation in spiders.?” In our study, we did
not test whether males transferred sperm to starving females, and we did not investigate whether short copulations were the female's or the
male’s decision.

Failure to produce any offspring was the detrimental impact that lengthy starvation exerted on the reproductive fitness of S. grossa fe-
males. Their sexual communication signals misguided conspecific males and lowered their potential reproductive fitness. Males that cannot
assess the quality of a signaling female may incur significant costs. Orienting toward webs of infecund females, males are at risk of falling prey
in the process, and they forgo opportunities for prey-capture.®> Moreover, when males engage in elaborate courtship with infecund females,
bundling up their web whilst adding their own silk,®” they invest significant time and energy, and they expend nutrients with their proteina-
ceous silk that they add to the females’ web.**“¢ Lastly, when the short-lived males court infecund females, they miss opportunities to secure
high-quality fecund females that would ensure the males’ reproductive success. That 67% of fed females produced offspring indicates the
need for prey nutrients in order to reproduce, as also shown in the wolf spider Pardosa pseudoannulata.®®

The benefits that starving S. grossa females accrue by deceptively attracting conspecific males, and by copulating with them, remain un-
known. Starving females do not seem to lure males to consume them, because only one male in 34 pairs with a starving or a well-fed female
was cannibalized. Generally, though, starving female spiders and mantids consume their mates more often than fed females.® Similarly, males

7 and males of L. hesperus avoided hungry females.”” Female

of L. hasselti were more likely to be eaten by starving than by fed females,
S. grossa also incur nutritional and opportunity costs when they are courted by a male who cuts and bundles up sections of the female's
web. Following courtship, the female then needs to rebuild her web,** which takes time and energy, and results in delayed or even missed
prey-capture opportunities. In insects, nutrient transfer can accompany sperm transfer’”?" but this has not yet been demonstrated in spiders.
Alternatively, mated spider females may store sperm for use as soon as they have captured and consumed enough prey and have become
fecund again. Even if this were shown, these females would be inferior mates to males because their reproductive output is delayed and un-
certain. Adverse effects of delayed reproductive output are likely amplified by reproductive senescence.”

Aging during the 42-week experiment affected all spiders, irrespective of whether they were fed or starving. Even food-provisioned spiders
lost significant weight, and 42% died. Over time, both fed and starving spiders produced and deposited less silk and less pheromone.
Conceivably, aging itself may constrain the spiders’ ability to build new webs, or repeatedly building new webs may incur significant costs.

How aging affects the signaling and reproductive strategy of unmated female S. grossa is currently being investigated.

Limitations of the study

We studied the combined effects of food- and water-deprivation on sexual signaling and the reproductive ability of S. grossa females but did
not isolate the effect of either food or water on its own. Furthermore, whereas mated females were completely infecund after 28 weeks of
starvation, it is not clear when females became infecund, and whether they gradually or abruptly lost fecundity. Lastly, it remains to be inves-
tigated whether starving females regain fecundity following prey captures and replenishment of their nutritional resources.

Conclusion

In conclusion, our study unravels a complex interplay between starvation, reproductive fitness (or lack thereof), sexual signaling, and the trade-
off between predation and safety (the opportunity of catching prey versus not becoming prey) in the false widow spider Steatoda grossa.
Widow females were remarkably resilient to starvation reflecting their adaptation to enclosed environments with periodic and lengthy
prey shortages. Starving females engaged in strategic signaling. They lowered production and deposition of contact pheromone compo-
nents (suggesting costly biosyntheses) but accelerated their transition to mate-attractant pheromone components. Starving females altered
their web-architecture, allocating more silk for prey-capture without affecting the overall web-density. Surprisingly, starving females remained
as attractive as well-fed females and prompted courtship and copulation by males. As starving females became infecund, they deceived
mate-selection by males that would gain reproductive fitness by selecting — instead — fecund females as mates. By deceptively attracting
and mating conspecific males, starving females may receive sperm that they could use as soon as they have captured enough prey and
have become fecund again. Nonetheless, these females would still be inferior mates because their reproductive output is delayed and un-
certain. Our study shows how prey shortage — as an environmental stressor — shapes sexual signaling as well as reproductive and predation
behavior, and it suggests deceptive signaling in a synanthropic spider.

RESOURCE AVAILABILITY
Lead contact

Further information and requests should be addressed to the corresponding author, Andreas Fischer (andreas.fischer@uni-greifswald.de).

Materials availability

This study did not generate novel reagents.

8 iScience 27, 110722, September 20, 2024


mailto:andreas.fischer@uni-greifswald.de

¢? CellPress

OPEN ACCESS

iScience

Data and code availability

All data [S1] are available in Supplementary Information.

The complete R code [S2] is available in Supplementary Information.

All other data supporting the findings of this study are available within the paper and its Supplementary Information.

Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

ACKNOWLEDGMENTS

We thank Gabriele Uhl for valuable discussions on the manuscript, and four anonymous Reviewers for constructive comments. A.F. was supported by an Alex-
ander Graham Bell Scholarship from the Natural Sciences and Engineering Research Council of Canada (NSERC), Graduate Fellowships from SFU, the H.R. Mc-
Carthy Bursary, and by an Oscar and Jan Francke Student Research Fund of the International Society of Arachnology. Funding for this study was provided by an
NSERC - Industrial Research Chair to G.G., with BASF Canada Inc. and Scotts Canada Ltd. as the industrial sponsors.

AUTHOR CONTRIBUTIONS

Conceptualization, A.F.; Methodology, A.F.; Investigation, A.F., N.D.V., and S.P.S.; Data Curation, A.F.; Writing — Original Draft, A.F; Writing — Review and Editing,
G.G. and A.F.; Funding Acquisition, G.G.; Resources, G.G. and A.F.; Supervision, A.F.

DECLARATION OF INTERESTS

The funders (NSERC, BASF Canada Inc., Scotts Canada Ltd.) had no role in the study design, data collection and analysis, decision to publish, or preparation of
the manuscript.

STARXMETHODS

Detailed methods are provided in the online version of this paper and include the following:

o KEY RESOURCES TABLE

o EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAIL

o METHOD DETAILS

O Setting up treatment groups

o Assessment of spider body mass and longevity

o Web measurements

o Quantification of the females’ sex pheromone

o Attraction of males to webs of fed and starved females in Y-tube olfactometers
o Lifetime reproductive success of fed and starving females

QUANTIFICATION AND STATISTICAL ANALYSIS

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.1016/}.isci.2024.110722.

Received: May 28, 2024
Revised: July 8, 2024
Accepted: August 8, 2024
Published: August 13, 2024

REFERENCES

1. McCue, M.D., Terblanche, J.S., and Benoit, 5. Smith, M.J., and Harper, D.G.C. (1995). moth Heliothis virescens. J. Chem. Ecol. 37,

J.B. (2017). Learning to starve: impacts of
food limitation beyond the stress period.

J. Exp. Biol. 220, 4330-4338. https://doi.org/
10.1242/jeb.157867.

. Zhang, D.-W., Xiao, Z.-J., Zeng, B.-P., Li, K.,
and Tang, Y.-L. (2019). Insect behavior and
physiological adaptation mechanisms under
starvation stress. Front. Physiol. 10, 163.
https://doi.org/10.3389/fphys.2019.00163.

. Scharf, I. (2016). The multifaceted effects of
starvation on arthropod behaviour. Anim.
Behav. 119, 37-48. https://doi.org/10.1016/].
anbehav.2016.06.019.

. Zajitschek, F., Georgolopoulos, G., Vourlou,
A., Ericsson, M., Zajitschek, S.R.K., Friberg, U.,

Animal signals: models and terminology.
J. Theor. Biol. 177, 305-311. https://doi.org/
10.1006/jtbi.1995.0248.

. Johnstone, R.A., and Grafen, A. (1993).

Dishonesty and the handicap principle. Anim.
Behav. 46, 759-764. https://doi.org/10.1006/
anbe.1993.1253.

. Laidre, M.E., and Johnstone, R.A. (2013).

Animal signals. Curr. Biol. 23, 829-833.
https://doi.org/10.1016/j.cub.2013.07.070.

. Hill, G.E. (2000). Energetic constraints on

expression of carotenoid-based plumage
coloration. J. Avian Biol. 31, 559-566. https://
doi.org/10.1034/j.1600-048X.2000.310415..x.

. Hutchinson, J.M., McNamara, J.M., and

Cuthill, I.C. (1993). Song, sexual selection,

1.

12.

13.

717-723. https://doi.org/10.1007/510886-
011-9982-8.

Eberhard, M.J.B., Machnis, A., and Uhl, G.
(2020). Condition-dependent differences in
male vibratory pre-copulatory and copulatory
courtship in a nuptial gift-giving spider.
Behav. Ecol. Sociobiol. 74, 138. https://doi.
org/10.1007/s00265-020-02918-w.
Clutton-Brock, T.H. (1984). Reproductive
effort and terminal investment in iteroparous
animals. Am. Nat. 123, 212-229.

Kokko, H. (1997). Evolutionarily stable
strategies of age-dependent sexual
advertisement. Behav. Ecol. Sociobiol. 41,
99-107. https://doi.org/10.1007/
5002650050369.

and Maklakov, A.A. (2019). Evolution under starvation and strategic handicaps. Anim. 14. Kokko, H., and Mappes, J. (2005). Sexual
dietary restriction decouples survival from Behav. 45, 1153-1177. https://doi.org/10. selection when fertilization is not guaranteed.
fecundity in Drosophila melanogaster 1006/anbe.1993.1139. Evolution 59, 1876-1885. https://doi.org/10.
females. J. Gerontol. A Biol. Sci. Med. Sci. 74, 10. Foster, S.P., and Johnson, C.P. (2011). Signal 1111/j.0014-3820.2005.tb01058.x.
1542-1548. https://doi.org/10.1093/gerona/ honesty through differential quantity in the 15. Futuyma, D.J., and Kirkpatrick, M. (2017).

gly070.

female-produced sex pheromone of the

Evolution, 4th ed. (Sinauer Associates Inc).

iScience 27, 110722, September 20, 2024 9


https://doi.org/10.1016/j.isci.2024.110722
https://doi.org/10.1242/jeb.157867
https://doi.org/10.1242/jeb.157867
https://doi.org/10.3389/fphys.2019.00163
https://doi.org/10.1016/j.anbehav.2016.06.019
https://doi.org/10.1016/j.anbehav.2016.06.019
https://doi.org/10.1093/gerona/gly070
https://doi.org/10.1093/gerona/gly070
https://doi.org/10.1006/jtbi.1995.0248
https://doi.org/10.1006/jtbi.1995.0248
https://doi.org/10.1006/anbe.1993.1253
https://doi.org/10.1006/anbe.1993.1253
https://doi.org/10.1016/j.cub.2013.07.070
https://doi.org/10.1034/j.1600-048X.2000.310415.x
https://doi.org/10.1034/j.1600-048X.2000.310415.x
https://doi.org/10.1006/anbe.1993.1139
https://doi.org/10.1006/anbe.1993.1139
https://doi.org/10.1007/s10886-011-9982-8
https://doi.org/10.1007/s10886-011-9982-8
https://doi.org/10.1007/s00265-020-02918-w
https://doi.org/10.1007/s00265-020-02918-w
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref12
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref12
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref12
https://doi.org/10.1007/s002650050369
https://doi.org/10.1007/s002650050369
https://doi.org/10.1111/j.0014-3820.2005.tb01058.x
https://doi.org/10.1111/j.0014-3820.2005.tb01058.x
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref15
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref15

¢? CellPress

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

10

OPEN ACCESS

. Ah-King, M. (2023). The Female Turn: How

Evolutionary Science Shifted Perceptions
about Females, 1st ed. (Palgrave Macmillan).

. Wyatt, T.D. (2014). Pheromones and Animal

Behavior (Cambridge University Press),
p. 424. https://doi.org/10.1242/jeb.00738.

. Breithaupt, T., and Thiel, M. (2011). Chemical

Communication in Crustaceans (Springer
Science+Business Media).

. Bradbury, J.W., and Vehrencamp, S.L. (1998).

Principles of Animal Communication, 1st ed.
(Sinauer Associates Inc).

Kappeler, P.M. (2020). Verhaltensbiologie,
5th ed. (Springer), p. 479. https://doi.org/10.
1007/978-3-662-60546-2.

White, T.E., Latty, T., and Umbers, K.D.L.
(2022). The exploitation of sexual signals by
predators: a meta-analysis. Proc. Biol. Sci.
289, 20220444. https://doi.org/10.1098/rspb.
2022.0444.

Foster, S.P., and Anderson, K.G. (2015). Sex
pheromones in mate assessment: analysis of
nutrient cost of sex pheromone production
by females of the moth Heliothis virescens.
J. Exp. Biol. 218, 1252-1258. https://doi.org/
10.1242/jeb.119883.

Johansson, B.G., Jones, T.M., and Widemo,
F. (2005). Cost of pheromone production in a
lekking Drosophila. Anim. Behav. 69,
851-858. https://doi.org/10.1016/j.anbehav.
2004.08.007.

Harari, A.R., Zahavi, T., and Thiéry, D. (2011).
Fitness cost of pheromone production in
signaling female moths. Evolution 65, 1572—
1582, https://doi.org/10.1111/}.1558-5646.
2011.01252.x.

Holman, L. (2012). Costs and constraints
conspire to produce honest signaling:
Insights from an ant queen pheromone.
Evolution 66, 2094-2105. https://doi.org/10.
1111/j.1558-5646.2012.01603 x.

Chapman, T., Arnquist, G., Bangham, J., and
Rowe, L. (2003). Sexual conflict. Trends Ecol.
Evol. 18, 41-47. https://doi.org/10.1016/
S0169-5347(02)00004-6.

Holman, L. (2016). Bet hedging via multiple
mating: A meta-analysis. Evolution 70, 62-71.
https://doi.org/10.1111/evo.12822.

Jobson, M.A.,, Jordan, J.M., Sandrof, M.A.,
Hibshman, J.D., Lennox, A.L., and Baugh, L.R.
(2015). Transgenerational effects of early life
starvation on growth, reproduction, and
stress resistance in Caenorhabditis elegans.
Genetics 201, 201-212. https://doi.org/10.
1534/genetics.115.178699.

Lane, J.E., Boutin, S., Speakman, J.R., and
Humphries, M.M. (2010). Energetic costs of
male reproduction in a scramble competition
mating system. J. Anim. Ecol. 79, 27-34.
https://doi.org/10.1111/j.1365-2656.2009.
01592.x.

Ophir, A.G., Schrader, S.B., and Gillooly, J.F.
(2010). Energetic cost of calling: general
constraints and species-specific differences.
J. Evol. Biol. 23, 1564-1569. https://doi.org/
10.1111/j.1420-9101.2010.02005.x.

Scott, C.E., McCann, S., and Andrade, M.C.B.
(2019). Male black widows parasitize mate-
searching effort of rivals to find females faster.
Proc. Biol. Sci. 286, 20191470. https://doi.org/
10.1098/rspb.2019.1470.

Clark, C.J. (2012). The role of power versus
energy in courtship: what is the ‘energetic
cost’ of a courtship display? Anim. Behav. 84,
269-277. https://doi.org/10.1016/j.anbehav.
2012.04.012.

Scott, C.E., Anderson, A.G., and Andrade,
M.C. (2018). A review of the mechanisms and
functional roles of male silk use in spider

iScience 27, 110722, September 20, 2024

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

courtship and mating. J. Arachnol. 46,
173-206.

Kasumovic, M.M., Bruce, M.J., Herberstein,
M.E., and Andrade, M.C. (2007). Risky mate
search and mate preference in the golden
orb-web spider (Nephila plumipes). Behav.
Ecol. 18, 189-195. https://doi.org/10.1093/
beheco/arl072.

Uhl, G., Nessler, S.H., and Schneider, J.M.
(2010). Securing paternity in spiders? A review
on occurrence and effects of mating plugs
and male genital mutilation. Genetica 138,
75-104. https://doi.org/10.1007/s10709-009-
9388-5.

Mouginot, P., Priigel, J., Thom, U., Steinhoff,
P., Kupryjanowicz, J., and Uhl, G. (2015).
Securing paternity by mutilating female
genitalia in spiders. Curr. Biol. 25, 2980-2984.
https://doi.org/10.1016/j.cub.2015.09.074.
Neumann, R., and Schneider, J.M. (2011).
Frequent failure of male monopolization
strategies as a cost of female choice in the
Black Widow spider Latrodectus
tredecimguttatus. Ethology 117, 1057-1066.
https://doi.org/10.1111/}.1439-0310.2011.
01971 .x.

Sentenska, L., Uhl, G., and Lubin, Y. (2020).
Alternative mating tactics in a cannibalistic
widow spider: do males prefer the safer
option? Anim. Behav. 160, 53-59. https://doi.
org/10.1016/j.anbehav.2019.11.021.

Barry, K.L. (2015). Sexual deception in a
cannibalistic mating system? Testing the
Femme Fatale hypothesis. Proc. Biol. Sci. 282,
20141428. https://doi.org/10.1098/rspb.
2014.1428.

Baruffaldi, L., and Andrade, M.C. (2015).
Contact pheromones mediate male
preference in black widow spiders: avoidance
of hungry sexual cannibals? Anim. Behav. 102,
25-32. https://doi.org/10.1016/j.anbehav.
2015.01.007.

Candolin, U., and Wong, B.B.M. (2019). Mate
choice in a polluted world: consequences for
individuals, populations and communities.
Phil. Trans. R. Soc. B 374, 20180055. https://
doi.org/10.1098/rstb.2018.0055.

Robinson, W.H. (2005). Handbook of Urban
Insects and Arachnids (Cambridge University
Press).

Bertone, M.A., Leong, M., Bayless, K. M.,
Malow, T.L.F., Dunn, R.R., and Trautwein,
M.D. (2016). Arthropods of the great indoors:
characterizing diversity inside urban and
suburban homes. PeerJ 4, e1582. https://doi.
org/10.7717/peerj.1582.

Fischer, A., Hung, E., and Gries, G. (2019).
Female false black widow spiders, Steatoda
grossa, recognize webs based on physical
and chemical cues. Entomol. Exp. Appl. 167,
803-810. https://doi.org/10.1111/eea.12825.
Janetos, A.C. (1982). Foraging tactics of two
guilds of web-spinning spiders. Behav. Ecol.
Sociobiol. 10, 19-27.

Tanaka, K. (1989). Energetic cost of web
construction and its effect on web relocation
in the web-building spider Agelena limbata.
Oecologia 81, 459-464. https://doi.org/10.
1007/BF00378952.

Foelix, R. (2015). Biologie der Spinnen
(Chimaira).

Nyffeler, M., and Birkhofer, K. (2017). An
estimated 400-800 million tons of prey are
annually killed by the global spider
community. Sci. Nat. 104, 30-42. https://doi.
org/10.1007/s00114-017-1440-1.

Chatelain, M., Rudisser, J., and Traugott, M.
(2023). Urban-driven decrease in arthropod
richness and diversity associated with group-

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

iScience

specific changes in arthropod abundance.
Front. Ecol. Evol. 11, 980387. https://doi.org/
10.3389/fevo.2023.980387.

Smith, J.R., and Schmitz, O.J. (2016).
Cascading ecological effects of landscape
moderated arthropod diversity. Oikos 125,
1261-1272. https://doi.org/10.1111/oik.
02887.

Corcos, D., Cerretti, P., Caruso, V., Mei, M,
Falco, M., and Marini, L. (2019). Impact of
urbanization on predator and parasitoid
insects at multiple spatial scales. PLoS One
14, €0214068. https://doi.org/10.1371/
journal.pone.0214068.

Wagner, D.L., Grames, E.M., Forister, M.L.,
Berenbaum, M.R., and Stopak, D. (2021).
Insect decline in the Anthropocene: Death by
a thousand cuts. Proc. Natl. Acad. Sci. USA
118, €2023989118. https://doi.org/10.1073/
pnas.2023989118.

Van Klink, R., Bowler, D.E., Gongalsky, K.B.,
Swengel, A.B., Gentile, A., and Chase, J.M.
(2020). Meta-analysis reveals declines in
terrestrial but increases in freshwater insect
abundances. Science 368, 417-420. https://
doi.org/10.1126/science.aax9931.

Davies, N.B., Krebs, J.R., and West, S.A.
(2012). An Introduction to Behavioural
Ecology (Wiley-Blackwell).

Benjamin, S.P., and Zschokke, S. (2003). Webs
of theridiid spiders: construction, structure
and evolution. Biol. J. Linn. Soc. Lond. 78,
293-305. https://doi.org/10.1046/j.1095-
8312.2003.00110.x.

Fischer, A., Fernando, Y., Preston, A., Moniz-
de-Sa, S., and Gries, G. (2023). Widow spiders
alter web architecture and attractiveness in
response to same-sex competition for prey
and mates, and predation risk. Commun.
Biol. ¢, 1028. https://doi.org/10.1038/s42003-
023-05392-y.

Blackledge, T.A., and Zevenbergen, J.M.
(2007). Condition-dependent spider web
architecture in the western black widow,
Latrodectus hesperus. Anim. Behav. 73,
855-864. https://doi.org/10.1016/j.anbehav.
2006.10.014.

Fischer, A. (2019). Chemical communication
in spiders - a methodological review.

J. Arachnol. 47, 1-27. https://doi.org/10.
1636/0161-8202-47.1.1.

Fischer, A., Gries, R., Alamsetti, S.K., Hung, E.,
Roman Torres, A.C., Fernando, Y., Meraj, S.,
Ren, W., Britton, R., and Gries, G. (2022).
Origin, structure and functional transition of
sex pheromone components in a false widow
spider. Commun. Biol. 5, 1156. https://doi.
org/10.1038/s42003-022-04072-7.

Fischer, A., Goh, X.H., Varney, J.-L.S., Blake,
A.J., Takécs, S., and Gries, G. (2020).
Multimodal and multifunctional signaling? —
Web reduction courtship behavior in a North
American population of the false black widow
spider. PLoS One 15, e0228988. https://doi.
org/10.1371/journal.pone.0228988.

Bradley, R.A. (2012). Common Spiders of
North America (University of California Press).
Bellmann, H. (2010). Der Kosmos-
Spinnenfiihrer (Kosmos).

Barmeyer, R.A. (1973). Predation on the
isopod crustacean Porcellio scaber by the
theridiid spider Steatoda grossa. Bull. South
Calif. Acad. Sci. 74, 30-36.

Gerhardt, U. (1926). Weitere Untersuchungen
zur Biologie der Spinnen. Zoomorphology

6, 1-77.

Gwinner-Hanke, H. (1970). Zum Verhalten
zweier stridulierender Spinnen Steatoda
bipunctata Linne und Teutana grossa Koch


http://refhub.elsevier.com/S2589-0042(24)01947-3/sref16
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref16
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref16
https://doi.org/10.1242/jeb.00738
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref18
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref18
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref18
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref19
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref19
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref19
https://doi.org/10.1007/978-3-662-60546-2
https://doi.org/10.1007/978-3-662-60546-2
https://doi.org/10.1098/rspb.2022.0444
https://doi.org/10.1098/rspb.2022.0444
https://doi.org/10.1242/jeb.119883
https://doi.org/10.1242/jeb.119883
https://doi.org/10.1016/j.anbehav.2004.08.007
https://doi.org/10.1016/j.anbehav.2004.08.007
https://doi.org/10.1111/j.1558-5646.2011.01252.x
https://doi.org/10.1111/j.1558-5646.2011.01252.x
https://doi.org/10.1111/j.1558-5646.2012.01603.x
https://doi.org/10.1111/j.1558-5646.2012.01603.x
https://doi.org/10.1016/S0169-5347(02)00004-6
https://doi.org/10.1016/S0169-5347(02)00004-6
https://doi.org/10.1111/evo.12822
https://doi.org/10.1534/genetics.115.178699
https://doi.org/10.1534/genetics.115.178699
https://doi.org/10.1111/j.1365-2656.2009.01592.x
https://doi.org/10.1111/j.1365-2656.2009.01592.x
https://doi.org/10.1111/j.1420-9101.2010.02005.x
https://doi.org/10.1111/j.1420-9101.2010.02005.x
https://doi.org/10.1098/rspb.2019.1470
https://doi.org/10.1098/rspb.2019.1470
https://doi.org/10.1016/j.anbehav.2012.04.012
https://doi.org/10.1016/j.anbehav.2012.04.012
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref33
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref33
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref33
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref33
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref33
https://doi.org/10.1093/beheco/arl072
https://doi.org/10.1093/beheco/arl072
https://doi.org/10.1007/s10709-009-9388-5
https://doi.org/10.1007/s10709-009-9388-5
https://doi.org/10.1016/j.cub.2015.09.074
https://doi.org/10.1111/j.1439-0310.2011.01971.x
https://doi.org/10.1111/j.1439-0310.2011.01971.x
https://doi.org/10.1016/j.anbehav.2019.11.021
https://doi.org/10.1016/j.anbehav.2019.11.021
https://doi.org/10.1098/rspb.2014.1428
https://doi.org/10.1098/rspb.2014.1428
https://doi.org/10.1016/j.anbehav.2015.01.007
https://doi.org/10.1016/j.anbehav.2015.01.007
https://doi.org/10.1098/rstb.2018.0055
https://doi.org/10.1098/rstb.2018.0055
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref42
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref42
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref42
https://doi.org/10.7717/peerj.1582
https://doi.org/10.7717/peerj.1582
https://doi.org/10.1111/eea.12825
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref45
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref45
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref45
https://doi.org/10.1007/BF00378952
https://doi.org/10.1007/BF00378952
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref47
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref47
https://doi.org/10.1007/s00114-017-1440-1
https://doi.org/10.1007/s00114-017-1440-1
https://doi.org/10.3389/fevo.2023.980387
https://doi.org/10.3389/fevo.2023.980387
https://doi.org/10.1111/oik.02887
https://doi.org/10.1111/oik.02887
https://doi.org/10.1371/journal.pone.0214068
https://doi.org/10.1371/journal.pone.0214068
https://doi.org/10.1073/pnas.2023989118
https://doi.org/10.1073/pnas.2023989118
https://doi.org/10.1126/science.aax9931
https://doi.org/10.1126/science.aax9931
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref54
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref54
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref54
https://doi.org/10.1046/j.1095-8312.2003.00110.x
https://doi.org/10.1046/j.1095-8312.2003.00110.x
https://doi.org/10.1038/s42003-023-05392-y
https://doi.org/10.1038/s42003-023-05392-y
https://doi.org/10.1016/j.anbehav.2006.10.014
https://doi.org/10.1016/j.anbehav.2006.10.014
https://doi.org/10.1636/0161-8202-47.1.1
https://doi.org/10.1636/0161-8202-47.1.1
https://doi.org/10.1038/s42003-022-04072-7
https://doi.org/10.1038/s42003-022-04072-7
https://doi.org/10.1371/journal.pone.0228988
https://doi.org/10.1371/journal.pone.0228988
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref61
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref61
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref62
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref62
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref63
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref63
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref63
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref63
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref64
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref64
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref64

iScience

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

(Theridiidae, Araneae), unter besonderer
Beriicksichtigung des
Fortpflanzungsverhaltens. Ethology 27,
649-678. https://doi.org/10.1111/].1439-
0310.1970.tb01893.x.

Harvey, J.A. (2022). Prey availability affects
developmental trade-offs and sexual-size
dimorphism in the false widow spider,
Steatoda grossa. J. Insect Physiol. 136,
104267 . https://doi.org/10.1016/j.jinsphys.
2021.104267.

Forster, L.M., and Kavale, J. (1989). Effects of
food deprivation on Latrodectus hasselti
Thorell (Araneae: Theridiidae), the Australian
redback spider. N. Z. J. Zool 16, 401-408.
https://doi.org/10.1080/03014223.1989.
10422906.

Schal, C. (2011). Cockroaches. In Handbook
of Pest Control (The Mallis Handbook
Company), pp. 150-291.

DeVries, Z.C., Kells, S.A., and Appel, A.G.
(2015). Effects of starvation and molting on
the metabolic rate of the bed bug (Cimex
lectularius L.). Physiol. Biochem. Zool. 88,
53-65. https://doi.org/10.1086/679499.
Glazier, D.S., and Gjoni, V. (2024). Interactive
effects of intrinsic and extrinsic factors on
metabolic rate. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 379, 20220489. https://doi.org/10.
1098/rstb.2022.0489.

Rosendale, A.J., Dunlevy, M.E., McCue, M.D.,
and Benoit, J.B. (2019). Progressive
behavioural, physiological and
transcriptomic shifts over the course of
prolonged starvation in ticks. Mol. Ecol. 28,
49-65. https://doi.org/10.1111/mec.14949.
Saveer, A.M., DeVries, Z.C., Santangelo, R.G.,
and Schal, C. (2021). Mating and starvation
modulate feeding and host-seeking
responses in female bed bugs, Cimex
lectularius. Sci. Rep. 11, 1915. https://doi.org/
10.1038/541598-021-81271-y.

Seress, G., Sandor, K., Evans, K.L., and Liker,
A. (2020). Food availability limits avian
reproduction in the city: An experimental
study on great tits Parus major. J. Anim. Ecol.
89, 1570-1580. https://doi.org/10.1111/1365-
2656.13211.

Saunders, M.E., Peisley, R.K,, Rader, R., and
Luck, G.W. (2016). Pollinators, pests, and
predators: Recognizing ecological trade-offs
in agroecosystems. Ambio 45, 4-14. https://
doi.org/10.1007/513280-015-0696-y.

Lima, S.L., and Valone, T.J. (1986). Influence
of predation risk on diet selection: a simple
example in the grey squirrel. Anim. Behav. 34,

76.

77.

79.

80.

81.

82.

83.

84.

85.

536-544. https://doi.org/10.1016/S0003-
3472(86)80122-1.

Van der Merwe, M., and Brown, J.S. (2008).
Mapping the landscape of fear of the Cape
ground squirrel (Xerus inauris). J. Mammal.
89, 1162-1169. https://doi.org/10.1644/08-
MAMM-A-035.1.

McNamara, J.M., and Houston, A.l. (1987).
Starvation and predation as factors limiting
population size. Ecology 68, 1515-1519.
https://doi.org/10.2307/1939235.

. Ito, H. (2019). Risk sensitivity of a forager with

limited energy reserves in stochastic
environments. Ecol. Res. 34, 9-17. https://doi.
org/10.1111/1440-1703.1058.

Zhang, H., Li, G., Li, C., Chen, J., Zhao, Z.,
Zhang, S., and Liy, J. (2023). Feeding
mediated web-building plasticity in a
cobweb spider. Curr. Zool. 69, 756-765.
https://doi.org/10.1093/cz/z0ac077.

Jain, D., Blackledge, T.A., Miyoshi, T., and
Dhinojwala, A. (2016). Unraveling the Design
Principles of Black Widow's Gumfoot Glue. In
Biological Adhesives, A.M. Smith, ed.
(Springer International Publishing),

pp. 303-319. https://doi.org/10.1007/978-3-
319-46082-6_13.

Fischer, A., Hung, E., Amiri, N., and Gries, G.
(2020). Mine or thine: indiscriminate
responses to own and conspecific webs and
egg sacs by the false black widow spider,
Steatoda grossa (Araneae: Theridiidae).

J. Ethol. 38, 241-245. https://doi.org/10.
1007/510164-020-00641-7.

Jerhot, E., Stoltz, J.A., Andrade, M.C.B., and
Schulz, S. (2010). Acylated serine derivatives:
A unique class of arthropod pheromones of
the Australian Redback spider, Latrodectus
hasselti. Angew. Chem. 49, 2037-2040.
https://doi.org/10.1002/anie.200906312.
Fischer, A., Roman Torres, A.C., Vurdela, J.,
Lee, Y., Bahar, N., Gries, R., Alamsetti, S.,
Chen, H., and Gries, G. (2023). Non-targeted
metabolomics aids in sex pheromone
identification: a proof-of-concept study with
the triangulate cobweb spider, Steatoda
triangulosa. Sci. Rep. 13, 18426.

Rowe, L. (1992). Convenience polyandry in a
water strider: foraging conflicts and female
control of copulation frequency and guarding
duration. Anim. Behav. 44, 189-202. https://
doi.org/10.1016/0003-3472(92)90025-5.
Travers, S.E., and Sih, A. (1991). The influence
of starvation and predators on the mating
behavior of a semiaquatic insect. Ecology 72,
2123-2136. https://doi.org/10.2307/1941564.

86.

88.

89.

90.

91.

92.

93.

94.

95.

96.

¢? CellPress

OPEN ACCESS

Knoflach, B. (2004). Diversity in the copulatory
behaviour of comb-footed spiders (Araneae,
Theridiidae). Denisia 12, 161-256.

. Land, H., Christenson, T.E., and Uhl, G. (2024).

Sperm storage organs change with female
age and mating history in the Golden Silk
spider Trichonephila clavipes (Araneae:
Araneidae). J. Zool. 323, 19-28. https://doi.
org/10.1111/jzo0.13155.

Feng, Q., Wen, L., Ma, J., Yu, L, Li, C., and
Jiao, X. (2022). The effects of prey lipid on
female mating and reproduction of a wolf
spider. Curr. Zool. 68, 726-733. https://doi.
org/10.1093/cz/z0ac003.

Andrade, M.C.B. (1998). Female hunger can
explain variation in cannibalistic behavior
despite male sacrifice in redback spiders.
Behav. Ecol. 9, 33-42. https://doi.org/10.
1093/beheco/9.1.33.

Rooney, J., and Lewis, S.M. (1999). Differential
allocation of male-derived nutrients in two
lampyrid beetles with contrasting life-history
characteristics. Behav. Ecol. 10, 97-104.
https://doi.org/10.1093/beheco/10.1.97.
Takakura, K.-I. (2004). The nutritional
contribution of males affects the feeding
behavior and spatial distribution of females in
a bruchid beetle, Bruchidius dorsalis. J. Ethol.
22, 37-42. https://doi.org/10.1007/s10164-
003-0093-z.

Nussey, D.H., Froy, H., Lemaitre, J.-F.,
Gaillard, J.-M., and Austad, S.N. (2013).
Senescence in natural populations of animals:
Widespread evidence and its implications for
bio-gerontology. Ageing Res. Rev. 12,
214-225. https://doi.org/10.1016/j.arr.2012.
07.004.

Fischer, A, Lee, Y., Stewart, J., and Gries, G.
(2018). Dodging sexual conflict? — Sub-adult
females of a web-building spider stay cryptic
to mate-seeking adult males. Ethology 124,
838-843. https://doi.org/10.1111/eth.12807.
Schulte-Hostedde, A.l., Zinner, B., Millar, J.S.,
and Hickling, G.J. (2005). Restitution of mass-
size residuals: validating body condition
indices. Ecology 86, 155-163. https://doi.org/
10.1890/04-0232.

Rypstra, A.L. (1982). Building a better insect
trap; An experimental investigation of prey
capture in a variety of spider webs. Oecologia
52, 31-36. https://doi.org/10.1007/
BF00349008.

R Core Team (2022). R: A Language and
Environment for Statistical Computing (R
Foundation for Statistical Computing).

iScience 27, 110722, September 20, 2024 1



https://doi.org/10.1111/j.1439-0310.1970.tb01893.x
https://doi.org/10.1111/j.1439-0310.1970.tb01893.x
https://doi.org/10.1016/j.jinsphys.2021.104267
https://doi.org/10.1016/j.jinsphys.2021.104267
https://doi.org/10.1080/03014223.1989.10422906
https://doi.org/10.1080/03014223.1989.10422906
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref68
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref68
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref68
https://doi.org/10.1086/679499
https://doi.org/10.1098/rstb.2022.0489
https://doi.org/10.1098/rstb.2022.0489
https://doi.org/10.1111/mec.14949
https://doi.org/10.1038/s41598-021-81271-y
https://doi.org/10.1038/s41598-021-81271-y
https://doi.org/10.1111/1365-2656.13211
https://doi.org/10.1111/1365-2656.13211
https://doi.org/10.1007/s13280-015-0696-y
https://doi.org/10.1007/s13280-015-0696-y
https://doi.org/10.1016/S0003-3472(86)80122-1
https://doi.org/10.1016/S0003-3472(86)80122-1
https://doi.org/10.1644/08-MAMM-A-035.1
https://doi.org/10.1644/08-MAMM-A-035.1
https://doi.org/10.2307/1939235
https://doi.org/10.1111/1440-1703.1058
https://doi.org/10.1111/1440-1703.1058
https://doi.org/10.1093/cz/zoac077
https://doi.org/10.1007/978-3-319-46082-6_13
https://doi.org/10.1007/978-3-319-46082-6_13
https://doi.org/10.1007/s10164-020-00641-7
https://doi.org/10.1007/s10164-020-00641-7
https://doi.org/10.1002/anie.200906312
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref83
https://doi.org/10.1016/0003-3472(92)90025-5
https://doi.org/10.1016/0003-3472(92)90025-5
https://doi.org/10.2307/1941564
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref86
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref86
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref86
https://doi.org/10.1111/jzo.13155
https://doi.org/10.1111/jzo.13155
https://doi.org/10.1093/cz/zoac003
https://doi.org/10.1093/cz/zoac003
https://doi.org/10.1093/beheco/9.1.33
https://doi.org/10.1093/beheco/9.1.33
https://doi.org/10.1093/beheco/10.1.97
https://doi.org/10.1007/s10164-003-0093-z
https://doi.org/10.1007/s10164-003-0093-z
https://doi.org/10.1016/j.arr.2012.07.004
https://doi.org/10.1016/j.arr.2012.07.004
https://doi.org/10.1111/eth.12807
https://doi.org/10.1890/04-0232
https://doi.org/10.1890/04-0232
https://doi.org/10.1007/BF00349008
https://doi.org/10.1007/BF00349008
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref96
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref96
http://refhub.elsevier.com/S2589-0042(24)01947-3/sref96

¢? CellPress iScience
OPEN ACCESS

STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, Peptides, and Recombinant Proteins

N-4-methylvaleroyl-O-isobutyrol-L-serine Synthesized in our lab for a previous study https://doi.org/10.1038/s42003-022-04072-7
N-4-methylvaleroyl-O-butyroyl-L-serine Synthesized in our lab for a previous study https://doi.org/10.1038/s42003-022-04072-7
N-4-methylvaleroyl-O-hexanoyl-L-serine Synthesized in our lab for a previous study https://doi.org/10.1038/s42003-022-04072-7
N-4-methylvaleroyl-O-serine Synthesized in our lab for a previous study https://doi.org/10.1038/s42003-022-04072-7

Deposited Data

All data and code are presented in this manuscript Supplementary materials

Experimental Models: Organisms/Strains

Steatoda grossa Collected in building hallways of Simon
Fraser University, Burnaby, Canada

Software and Algorithms

R Studio https://www.r-studio.com/ R Core Team (2022). R: A language and
environment for statistical computing

(R Foundation for Statistical Computing).

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAIL

Specimens of S. grossa used in our study were the F3 and F4 offspring of spiders collected on the Burnaby campus of Simon Fraser University
(49°16'44" N 122°54'58"W).”* The spiders were kept singly in the insectary maintained at 22°C, about 38% relative humidity, and a reverse
photocycle (12 h L: 12 h dark), resembling the hallway settings from which spiders were collected. Juvenile spiders were kept in Petri dishes
(100 x 20 mm) and fed Drosophila melanogaster vinegar flies, whereas mature females were kept in clear 300-mL plastic cups (Western Fam-
ily, Tigard, Oregon, USA) and fed four Phormia regina blow flies per week, with water supplied on cotton. The size of spiders was determined
based on (i) the average tibia-patella length of the first leg-pair measured using ImageJ (The National Institute of Health, Gaithersburg, USA),
and (ii) smartphone photographs with a microscope adapter. Spiders were weighed using a TR-204 Denver Instrument Company Scale (Den-
ver Instruments, Arvada, Colorado, USA). The body condition of spiders was determined from the residuals of a linear model based on body
mass and size.” The post sexual maturity age of the 138 test spiders ranged between 119 and 720 days with a median of 292 days, whereas the
body condition ranged between —0.05 and +0.05, with a median of 0.0002.

METHOD DETAILS

Setting up treatment groups

To examine the effects of food- and water-deprivation (henceforth ‘starvation’) on the females’ sexual signals and fecundity, unmated fe-
males — matched by age and body condition — were assigned to a 'starved’ and a ‘fed’ treatment group (Figure 1C). Starved-group spiders
were food- and water-deprived throughout the 42-week experiment, whereas fed-group spiders were food- and water-provisioned as

described above. The mean age differential (days post sexual maturity) between pairs was 0.48 + 0.37, and the mean body condition differ-
ential was 0.0001 + 0.00049.

Assessment of spider body mass and longevity

To assess the effect of starvation on the body mass of unmated females, fed and starved females were weighed over the course of 42 weeks
(Exp. 1). In spring 2021, 38 spiders were weighed singly every week for 10 weeks, followed by six additional weight-measurements extending
to 42 weeks of starvation. These 38 females were used for web-measurement (Exp. 3), and for pheromone quantifications (Exp. 4). In fall 2021,
50 females each were added to the groups of starved females and of fed females, and were weighed 6-times over 28 weeks, keeping the
experimentalist blind to the treatment (here, and throughout all experiments in the study). The 100 spiders we added during the fall were
subsequently used for mate-choice and mating trials (Exps. 5-8). Mortality caused by starvation (Exp. 2) was assessed by inspecting the 69
fed and the 69 starved spiders weekly over 42 weeks.
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Web measurements

To assess spider starvation effects on web architecture, the web density of 19 fed and 19 starved unmated females was measured on weeks O,
8, 33, and 42. To enable construction of an entirely new web, each female was placed on a triangular bamboo frame (18 x 18 x 25 cm) and
allowed three days to build a web.”

Web density was quantified™®” by counting silk strands at each 1-cm interval on a metal rod inserted along nine specific axes within the
web (Exp. 3; Figure 1D). Measurements were taken on (i) vertical axes (H) near both retreat (hR) and non-retreat corners (h1, h2), (ii) top hor-
izontal axes (S) from both retreat (sR) and non-retreat corners (s1, s2) across the web, and (iii) mid-horizontal axes (G) from corners (gR, g1, g2)
across the web. Vertical (H) and horizontal measurements (S, G) consisted of 22 and 15 1-cm intervals, respectively. To avoid multiplication
with zero, averages were calculated after a value of one was added to a single increment of each of the nine measurements.

The overall web density is the product of the averages from vertical (H), top horizontal (S), and mid-horizontal (G) axes, revealing silk strands
per cubic centimeter. Silk strand density in the retreat section of the web was estimated as the product of the retreat vertical (hR) and retreat
top horizontal (sR) measurements, whereas the prey-capture section of the web was estimated as the product of the vertical (H) and mid-hor-
izontal (G) measurements. The investment ratio between ‘prey-capture silk’ and ‘safety-silk’ was calculated to assess the proportional impact
of starvation on web architecture.

Quantification of the females’ sex pheromone

Starvation-caused quantitative changes in contact pheromone components deposited by females on their web (Exp. 4) were assessed for the
four webs (produced in weeks 0, 8, 33, and 42) of each of the 38 females used in experiment 3. Each density-measured web was extracted 24 h
in 50-uL methanol (99.9% HPLC grade, Fisher Chemical, Ottawa, Canada), and aliquots (2 uL) of extracts were injected into a Bruker maXis
Impact Quadrupole Time-of-Flight LC/MS (liquid chromatography-mass spectrometry) system. The Spursil C18 column (30 mm x
3.0mm, 3 microns; Dikma Technologies, Foothill Ranch, CA, USA) was heated to 30°C and eluted with a solvent gradient (0.4 mL/min), starting
with 80% water and 20% acetonitrile, and ending — after 4 min — with 100% acetonitrile. The solvent system contained 0.1% formic acid to
enhance the peak shape of compounds. The mass spectrometer was set to positive electrospray ionization (+ESI) with a gas temperature
of 200°C and a gas flow of 9 L/min. The nebulizer was set to 4 bar and the capillary voltage to 4200 V.

Pheromone components were quantified using external synthetic standards. The mate-attractant pheromone components were quanti-
fied using 7 as a proxy for 4, 5, and 6, because both 7 and the sum of 4, 5, and é (Figure 1B) have equal stoichiometric quantities.%'m'83 The
hydrolysis ratio of contact pheromone components and the corresponding release rate of mate-attractant pheromone components were
calculated as 7/(1 + 2 + 3 + 7). Using this method, the amount of contact pheromone components was quantified for each of the four
webs. However, as a male spider courting on a web makes contact with single silk strands, the amount of contact pheromone components
on each web was divided by its silk strand density to estimate the amount of contact pheromone components per silk strand.

Attraction of males to webs of fed and starved females in Y-tube olfactometers

Attraction of S. grossa males to webs of fed or starved females was tested in Y-tube olfactometers.®’ To prepare test stimuli, females —

matched by age and body condition —were grouped in 40 pairs, with one female in each pair being fed and the other starved. After 28 weeks,
the females in each pair were placed on separate bamboo frames (see above) to build a web for three days. Each frame — together with the
freshly-spun web and the female spider — was placed in a translucent oven bag (30 cm x 31 cm; Toppits, Mengen, DE), which was secured to
the opening of a Y-tube side-arm. To initiate a bioassay, a naive male was placed into a holding tube (26 cm long; 2.5 cm diameter) and al-
lowed 2 min to acclimatize. The holding tube was then attached to the Y-tube olfactometer (main stem: 24 cm long, side arms 21 cm long, all
2.5 cm diam.), and air was drawn at 200 mL/min through the olfactometer. Single males were offered a choice between (i) a fed female on her
web vs. an empty frame (N = 20, Exp. 5), (ii) a starved female on her web vs. an empty frame (N = 20, Exp. 6), and (ii)) a fed female on her web vs.
a starved female on her web (N = 20, Exp. 7). A response was recorded when the male entered one of the two oven bags within 5 min. Thus,
choices were based solely on olfaction prior to contact with the female’s web. After bioassay replicates, oven bags and content (excluding
spider males) were discarded, and the olfactometer and holding tube were washed with soapy water and dried 3 h in an oven at 100°C.

Lifetime reproductive success of fed and starving females

Mating trials further assessed the effect of starvation on the females’ ability to secure mates, and on their lifetime reproductive success. Each
of 17 starving females and 17 fed females was paired with the very same male (Exp. 8) who was previously attracted to the female’s web in
Y-tube olfactometer bioassays (Exps. 5-7). In each bioassay replicate, the bamboo frame supporting the female’s web — with the female
residing on the web — was placed into an acrylic chamber (15 cm x 15 cm X 20 cm), a male was added, and the pair's behavior was
video-recorded for 4 h (Handycam, HDR-XR550; Sony, Tokyo, Japan). Videos were analyzed using VLC player (VideoLAN, Paris, France) to
quantify the courtship duration of the male, as well as the incidence and duration of a copulation. Females that copulated were deemed
mated and were starved, and their lifetime total number of offspring produced was tracked.
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Data were analyzed and visualized using R.” Results are presented as means + standard errors of the mean, or 95% confidence interval of
models. The number of independently run replicates (N) is stated in figure captions, and at least 17 replicates were run in all experiments. The
threshold for significance was p < 0.05.

Decline in body mass (Exp. 1) was analyzed with a generalized linear mixed model (gImmTMB, Tweedie distribution), with body mass as the
dependent variable, and week (time) and treatment (fed or starved) as fixed effects. A random intercept for each spider accounted for
repeated measures, and accommodated mass variability of individual spiders over time. An additional random intercept for each cohort
(spring or fall) accounted for potential variability between these cohorts. Differential model slopes were assessed with a type Il ANOVA (An-
ova, car package). The onset of differential body mass due to starvation was identified through post-hoc Tukey-corrected pairwise compar-
ison (emmeans package). Survival rates of spiders (Exp. 2) were compared using the Cox Proportional Hazard model (COX-PH, survival pack-
age), with Kaplan-Meier survival plots visualizing survival probabilities over time.

The effect of starvation on web architecture (Exp. 3) was analyzed using generalized mixed effect models, following the model structure
described above (Exp. 1).

The effect of starvation on pheromone signals (Exp. 4) was analyzed by generalized mixed effect models (as outlined above), except that a
negative binomial (nbinom2) distribution was used for pheromone quantities.

Choice datain experiments 5 and 6 were analyzed using a one-way binomial test, whereas choice data in experiment 7 were analyzed using
a two-way binomial test.””

Mann-Whitney-U-Tests were used to compare male courtship durations between treatments, as well as the number of viable offspring
produced throughout the life of the mothers. The incidence of copulations and sexual cannibalism across treatments were each compared
using Fisher exact tests. Moreover, the duration of copulation was compared between fed and starving females using a Welch two sample
T-test.
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