
Journal of Insect Physiology 136 (2022) 104267

Available online 18 June 2021
0022-1910/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Prey availability affects developmental trade-offs and sexual-size 
dimorphism in the false widow spider, Steatoda grossa 

Jeffrey A. Harvey a,b,* 

a Department of Terrestrial Ecology, Netherlands Institute of Ecology, Droevendaalsesteeg 10, 6708 PB Wageningen, The Netherlands 
b VU University Amsterdam, Department of Ecological Sciences, Section Animal Ecology, De Boelelaan 1085, 1081 HV Amsterdam, The Netherlands   

A R T I C L E  I N F O   

Keywords: 
Body mass 
Development time 
Environmental stress 
Growth trajectory 
Food limitation 
Life-history 
Sexual selection 

A B S T R A C T   

In many spiders, females are significantly larger than males. Several theories have been postulated to explain 
sexual size dimorphism (SSD), including differential predation risks experienced by each sex early in life 
(including female cannibalism of males), male-male competition, and the more costly production of eggs than 
sperm. However, there is considerable intraspecific variation in the relative size of males and females that is 
reflected in trade-offs on traits such as growth rate and body size. When SSD favors female size, the body mass 
ratios between the smallest and largest males is expected to be much greater than in females. Here, growth 
trajectories and body masses of the false widow spider, Steatoda grossa, were compared in male and female 
spiders fed continually or intermittently. Males provided with unlimited prey (fruit flies and house crickets) took 
about 15 weeks to attain full size and sexual maturity and grew to a mean of 25 mg. By contrast, males fed only 
once every three weeks took approximately 6 weeks longer to reach maturity but were only about half as large 
(mean 13 mg) as males fed constantly. Females fed intermittently took almost twice as long (45 weeks versus 24 
weeks) as constantly-fed females to reach maturity, but were almost 90% as large when fully grown. These 
results reveal that, although both sexes trade-off development time and body size to achieve the optimal 
phenotype, rapid development is more important than larger body size in males whereas the opposite is true in 
females. This finding supports life-history theory underpinning sexual-size dimorphism in some spider lineages.   

1. Introduction 

One of the most enduring questions in evolutionary ecology is how 
natural selection shapes the expression of life-history, development and 
reproductive traits in animals. These traits are influenced by a combi-
nation of environmental factors (both biotic and abiotic) and phyloge-
netic history (Price, 2003). The ‘perfect’ organism is one that grows 
rapidly, achieves early sexual maturity, has a long lifespan and produces 
many offspring at frequent intervals (Begon et al., 1986). However, 
given constraints imposed by limitations in metabolic resources to 
multiple fitness functions, such as maintenance and fecundity, the 
‘perfect’ organism in nature does not exist. Instead, life-history strate-
gies are determined by trade-offs in traits that optimize reproduction 
and fitness (Partridge and Harvey, 1988; Stearns, 1989; Abrams and 
Rowe, 1996). Among invertebrates, such as insects, an important trade- 
off is whether to grow larger at the expense of longer development time, 
or to develop more rapidly at the cost of reduced body size. Large size is 
often positively correlated with fecundity, longevity, competitive abil-
ity, protection against natural enemies and overall vigor (Beukeboom, 

2018). 
Studies from a wide range of invertebrate taxa indicate that size is 

often a primary target for selection, and that animals often allocate re-
sources in ways that maximize this parameter (Stearns, 1989). However, 
accelerated development and precocious sexual maturity at the cost of 
reduced size can be favored early in spring when populations are 
growing and early-emerging individuals have preferential access to food 
and mates (Kingsolver and Pfennig, 2004). Moreover, selection may 
favor rapid development when predation risk is high (the ‘slow 
growth–high mortality hypothesis’, Clancy and Price, 1987; Benrey and 
Denno, 1997). Furthermore, some predators that hunt in swarms, like 
army and driver ants, either prefer to select larger prey to inadvertently 
overlook smaller prey while foraging (Kaspari et al., 2011). Thus, ben-
efits of large size are not absolute. 

Trade-offs in fitness functions are well-described in the empirical 
literature for arthropods including stoneflies (Taylor et al., 1998), field 
crickets (Rantala and Roff, 2005), pajama bugs (Larsson, 1989), moths 
(Garrad et al., 2016), butterflies (Lind et al., 2017), fruit flies (Sisodia 
and Singh, 2002), seed beetles (Messina and Fry, 2003), gall wasps 
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(Sangtongpraow et al., 2011), egg parasitoids (Doyon and Boivin, 2005) 
and spider mites (Li and Zhang, 2018). Importantly, trade-offs in 
different fitness functions can also vary markedly with offspring sex 
(Thünken et al., 2012; Adler et al., 2013). For instance, there is often 
considerable intraspecific phenotypic variability in traits such as body 
size and development time in conspecific males and females. In this 
situation, one sex may grow significantly larger than the other (extreme 
sexual size dimorphism, ESSD) but take significantly longer to reach 
maturity. Female gigantism/male dwarfism is heritable and especially 
prevalent in many spider families, where mature females are many times 
heavier than mature males (Vollrath and Parker, 1992; Head, 1995; 
Hormiga et al., 2000; Wilder and Rypstra, 2008; Stoltz et al., 2008; 
Stoltz and Andrade, 2010; Moya-Laraño et al., 2009). At the same time, 
many spiders are protandrous, with smaller males taking much less time 
to reach maturity than females (Gunnarsson and Johnsson, 1990; Head, 
1995; Maklakov et al., 2004; Moura et al., 2020). ESSD in spiders may 
occur because females enjoy significantly greater fitness gains from 
large body size (and endure less costs of extended development time) 
than males. These selection pressures include sex-specific differences in 
mortality risks, intra-sexual competition for mates or differential in-
vestment by each sex into reproduction (Charnov, 2020; Fairbairn, 
1997; Prenter et al., 1999; Moya-Laraño et al., 2002). Trade-offs be-
tween growth rate and body size in male and female spiders may also 
reflect selection on sexual conflict and cannibalism. In this situation, 
larger males may be more (due to visibility) or less (due to intimidation) 
susceptible to female attack before or after mating (Moya-Laraño et al., 
2020). The costs and benefits of ESSD in spiders was recently discussed 
by Kuntner and Coddington (2020). 

In animals, growth is governed by the rate of mass gain, the effi-
ciency of converting food into body tissues and the metabolic costs of 
maintenance (Sibly and Calow, 1986). Rates of growth are affected by 
diet (Dmitriew, 2011) and often tend to decelerate in many organisms as 
they approach maturity (Sibly and Brown, 2020). Growth trajectories 
are useful tools in monitoring the growth of arthropods throughout the 
course of their development because they allow the rate and efficiency of 
resource acquisition to be visually compared under differing sets of 
environmental conditions, such as food availability or temperature 
(Sibly and Calow, 1986). The optimal trajectory should produce 
maximum biomass under a minimum development time that also re-
flects differing selection on traits such as reproduction and survival. 
Growth trajectories can also reveal trade-offs between body size and 
development time when environmental conditions are variable and have 
frequently been used to compare the development of immature stages of 
holometabolous insects, such as parasitoids (Sequeira and Mackauer, 
1992; Harvey et al., 1994), and typically produce a pattern like a ‘J- 
curve’ (Sibly and Calow, 1986). This reflects exponential growth that 
occurs during larval development but stops abruptly at pupation, with a 
decrease or stabilization of mass in adults. By contrast, growth curves 
have been less often applied to insects and other arthropods exhibiting 
primitive growth patterns. 

One of the most important factors that may compound growth, 
development time and hence SSD in spiders is prey availability during 
immature development. The availability of prey for spiders is not fixed 
but can vary considerably in space and time (Gillespie, 1987; Harwood 
et al., 2001). When prey is limiting, this can affect the metabolic in-
vestment of limited resources into competing fitness functions such as 
reproduction and survival, and the importance of these parameters may 
in turn vary in each sex. Here, employing the use of immature growth 
trajectories and adult data on body mass, I compare development in 
males and females of the false widow (or cupboard) spider, Steatoda 
grossa Koch (Araneae: Theridiidae) when constantly or intermittently 
supplied with prey. Steatoda grossa is a cosmopolitan spider and is one of 
approximately 120 described species of Steatoda (World Spider Catalog, 
2021). Many species in this genus, including S. grossa, are synanthropic 
and occur in close association with man (Scott et al., 2018; Dunbar et al., 
2020). Like other comb-footed spiders, S. grossa females are sedentary, 

living and reproducing in tangled webs that are placed in dark, humid 
locations such as cupboards or under objects, whereas males more 
actively search for females. ESSD is pronounced in S. grossa and other 
theridiid spiders including species of widows (Latrodectus) that are 
closely related with Steatoda spp. (Garb et al., 2004; Barrantes and 
Eberhard, 2010). 

The main aim of the study is to determine how much phenotypic 
plasticity there is in male and female development time and adult size at 
maturity, and if this is reflected in the shape of growth trajectories in 
male and female S. grossa spiders. I hypothesize, based on observed 
patterns of SSD in S. grossa, that the magnitude and direction of trade- 
offs between development and adult size differs profoundly in male 
and female spiders under different prey availability treatments. I also 
hypothesize that there is much greater variation in the body masses of 
mature male spiders than mature female spiders fed on quantitatively 
different diets, but much greater variation in development time among 
females than males. This is because selection favors the optimization of 
different traits in both sexes of this species. 

2. Methods and materials 

2.1. Spiders 

Adult S. grossa females lay egg sacs that typically contain between 50 
and 250 eggs, depending on prey availability (J.A. Harvey, personal 
observations). The eggs take approximately a month to mature and 
spiderlings undergo their first molt in the egg sac and emerge as second 
instars. Initially they remain close to the egg sac for several days to 
weeks but thereafter they disperse. Spiderlings undergo around 5 (male) 
and 7–8 (female) molts before attaining full size and sexual maturity (J. 
A. Harvey, personal observations). Like other members of the Ther-
idiidae, adult females are sedentary and produce tangled webs with 
sticky threads anchored at various places to the substrate and to other 
objects in which insects and other prey are ensnared (Benjamin and 
Zschokke, 2003). Males are more motile and wander in search of 
females. 

Steatoda grossa was constantly reared at 22 ± 2 ◦C with a 16:8 h light: 
dark photoperiod regime. Male and female spiders are shown in 
Fig. 1A–D. Approximately 10 adult spiders of both sexes were originally 
collected at various locations in the area of Wageningen, the 
Netherlands, late in 2019 and early in 2020 and kept in Petri dishes (8 
cm). Several of these females had mated beforehand, because within 
several days they produced fluffy white silk egg sacs that were carefully 
removed from the Petri dishes using dissection scissors. These were then 
placed individually into Petri dishes (8 cm) until they hatched after 
approximately 30 days. Newly hatched spiderlings were also placed 
individually into Petri dishes (8 cm) and were initially reared on small 
fruit flies (Drosophila melanogaster), followed by larger fruit flies 
(D. hydei) and various instars of house crickets (Acheta domestica) as they 
matured. Fully-grown females weighing between 130 and 200 mg were 
then removed from the dishes and individually placed into plastic boxes 
(8 cm × 12 cm) for several days and allowed to spin webs inside of them. 
At this point an individual male was placed into the box and allowed to 
mate with the female over several hours (multiple re-matings with each 
palp were observed). Freshly laid egg sacs were carefully removed from 
the boxes and placed individually into Petri dishes (8 cm) as described 
earlier. 

2.2. Experimental protocol 

2.2.1. Growth trajectories of male and female spiders and adult spider body 
mass on different feeding regimes 

Sixty newly hatched spiderlings from 10 different mothers (collected 
from several different locations) were placed in individually into Petri 
dishes (8 cm) with a small ball of cotton wool moistened with water and 
split evenly into two groups. One group had constant food access and the 
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other had intermittent food access. All spiderlings were anaesthetized 
with CO2 and weighed on a Mettler Microbalance (accuracy ± 1 μg), and 
then allowed to settle and spin webs for 48 h. They were then all pro-
vided with a single, D. melanogaster fly that had been killed by freezing. 
Spiderlings in the constant food access groups were provided with a new 
fly every 48–72 h thereafter, whereas spiderlings in the intermittent 

groups access were only provided with a fresh fly after 3 weeks. All 
spiders were weighed every 3 weeks on the microbalance. After 6 weeks, 
larger flies (D. hydei) that had been pre-frozen were provided as food; the 
diet was switched to small house crickets when the spiders had reached 
approximately 2 mg in body mass and later, larger crickets. Initially, 
crickets were also frozen before being supplied to the spiders, but when 
the spiders grew larger, live crickets were supplied. As with the fly diet, 
crickets were refreshed in the constant food access treatment every 
48–72 h whereas they were only supplied to spiders once every three 
weeks in the intermittent food access treatment. In the intermittent food 
treatment, female spiders over 100 mg were provided with two crickets 
between each weighing. When spiders completed their final molt and 
had reached adulthood, they stopped growing (e.g. body mass stabilized 
or decreased marginally thereafter). At this point, weighing was 
stopped. Growth data for male and female spiders was used to construct 
growth trajectories under the two feeding regimes. One spiderling died 
early during the experiment (from the constant feeding treatment), and 
it was replaced by a spider of equivalent age and was reared under the 
same conditions. Data for the spider that died was not used. Instead, 
growth data of the new spider was included in the analyses from the 
point it was used onwards. 

The maximum body mass of mature virgin male and female spiders 
was also measured on the microbalance, as well as the development time 
(in weeks) to maximum body mass. After mating, constantly-fed females 
produce copious numbers of eggs and are able to produce egg sacs every 
15–20 days over the course of several months (Harvey, in preparation). 

2.2.2. Statistical analyses 
The body mass of 2nd instar spider nymphs that had just emerged 

from the egg sacs was compared using a student’s t-test. Growth tra-
jectories during the exponential phase were analyzed using linear 
regression. To establish the exponential growth phase for each of the two 
feeding treatments (male and female spiders exposed to the two dietary 
regimes), mean body masses per time point were ln-transformed and 
plotted against time. Based on visual inspection of the growth curves, 
data was excluded at the point that it leveled off in spiders provided with 
constant prey and at the same point in spiders provided with intermit-
tent prey to maintain balance. To determine whether the slopes of these 
curves differed for the two sexes or the two dietary regimes, we tested 
whether the time-interaction terms with sex and dietary regime were 
significant. Adult body mass and development time were analyzed using 
ANOVA with dietary regime and sex and their interactions as explana-
tory variables. Data on body mass were log transformed to meet as-
sumptions of equal variance. All analyses were performed in JASP, an 
open-source statistical program (JASP Team, 2020, Version 0.14.1, 
University of Amsterdam, the Netherlands). 

3. Results 

3.1. Growth trajectories of male and female spiders and adult spider body 
mass on different feeding regimes 

The body mass of 2nd instar spider nymphs that had just emerged 
from egg sacs varied with sex (t51 = 3.212, P < 0.01). Female spiderlings 
weighed on average around 50 μg more than males (372 versus 423 μg). 
The full growth trajectories of male and female S. grossa are shown in 
Fig. 2a and the exponential phase of the growth trajectories are shown in 
Fig. 2b (i.e. after ln-transformation these growth curves are linear). The 
log-transformed slopes of the exponential trajectories varied signifi-
cantly with prey availability (time × dietary regime: F1, 24 = 68, P <
0.001) but not with sex (time × sex: F1,24 = 2.68, P = 0.11). This implies 
that, despite differences in initial body mass, constantly and intermit-
tently fed male and female spiders grew along similar trajectories for the 
first 12 and 18 weeks, respectively. At those time points males stopped 
growing at a much smaller body mass than females (Fig. 2a, b). Fully 
grown males also stopped molting and fed very rarely. Moreover, the 

Fig. 1. Adult female Steatoda grossa viewed from front (A) and side (B); adult 
male S. grossa viewed dorsally (C) and ventrally (D). 
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steepness of the exponential growth phase is significantly lower for 
spiders with intermittent compared to constant prey availability 
(Fig. 2a, b). Consequently, males reached adulthood faster than females 
(F1, 56 = 883, P < 0.001) and development was delayed in spiders with 
intermittent prey availability (F1, 56 = 954, P < 0.001), especially in 
females (sex × diet: F1, 56 = 160, P < 0.001) (Fig. 3a). Adult male (but 
not female) spiders were significantly lighter when fed intermittently 
(F1,56 = 69,2, P < 0.001, Fig. 3b). Body masses of adult females were 
approximately 7.5 times greater than males when constantly provided 
with prey and almost 12 times greater when provided with prey inter-
mittently (effect of sex: F1,56 = 1743, P < 0.001, effect of diet: F1,56 = 69, 
P < 0.001; interaction F1,56 = 23, P < 0.001). Some females were sub-
sequently mated with males and continued to feed after mating, 
allowing them to attain as much as 100 μg, but no further molting was 
ever observed. After producing egg sacs, females lose considerable body 
mass but this is re-acquired quickly when they are provided with more 
prey (data not shown). In both sexes, body masses remain stable or 
declined marginally after the final molt. 

4. Discussion 

The results of this study show that variable prey availability affected 
growth and development to sexual maturity in both males and females 
of the false widow spider, S. grossa. Moreover, the direction and 
magnitude of these effects varied with offspring sex. Under the same 
feeding treatments, S. grossa is protandrous, with males developing 
faster than females. Protandry, however, was affected by diet. Growth 
trajectories and maximal body masses of male and female spiders re-
flected the availability of prey (fruit flies, and later, house crickets). 
Males with constant access to prey grew approximately twice as large as 
males with intermittent prey access, but took around 6–9 weeks less to 
attain maximum size and sexual maturity. Female body mass, on the 

other hand, did not differ significantly between feeding treatments, but 
individuals provided with constant prey reached maximum body mass 
and sexual maturity in about half the time as females with intermittent 
prey access. In both feeding regimes mature females were some 5–10 
times larger than mature males. Development time to maximum body 
mass in females with constant prey access was similar to males provided 
with intermittent prey. These results clearly demonstrate trade-offs in 
fitness correlates in S. grossa that are mediated by prey access, with fe-
males favoring large body size over reduced development time, and 
males trading off these parameters almost equally. 

Like some other species in the Theridiidae, such as widows, newly 
hatched neonate false widow spiders consume the egg chorion and un-
dergo their first molt within the egg sec (McCrone and Levi, 1966; 
Johnson et al., 2010), only emerging from it after molting to the second 
instar (personal observations). Newly emerged second instar females 
were significantly larger than emerged males, weighing about 50 μg 
more than males (423 μg versus 372 μg). However, in spiders with 
continual prey access, growth trajectories of both sexes were similar 
until males approached maturity. At this point females kept growing 
exponentially for another 6–8 weeks. This growth pattern is partly 
described as ‘Rensch’s rule’ (Rensch, 1950, Blanckenhorn et al., 2007), 
whereby growth of both sexes is proportional until one reaches maturity 
whereas the other keeps growing and molting until it reaches maturity at 
a larger body mass, but with an extended development time. This 
pattern is prevalent in insects where one sex is larger than the other 
(Esperk et al., 2007). Intraspecific limitations in the extent of SSD are 
determined when the costs of growing larger via extended development 
time exceed the benefits of larger size. Underpinning Rensch’s rule is the 

Fig. 2. The complete growth trajectories of male and female Steatoda grossa 
spiders in the two prey availability treatments are shown in Fig. 2A and the 
phase in which exponential growth occurs in shown in Fig. 2B (after ln- 
transformation these growth curves are linear). Sample size: females fed 
continually (F-const, closed circles, n = 11) or intermittently (F-int, open cir-
cles, n = 17), males fed continually (M-const, closed diamonds, n = 18) or 
intermittently (M-int, open diamonds, N = 13). 

Fig. 3. Box-whisker plots of developmental parameters in adult male and fe-
male Steatoda grossa spiders. A. Mean development time (in weeks) from egg sac 
emergence to maximum body mass. B. Mean maximum body mass (in mg). X 
denotes the mean value. (Females fed continually, F-const, N = 14; females fed 
intermittently, F-int, N = 17; males fed continually, M-const, N = 16, males fed 
intermittently, M-int, N = 13). Boxes with different letters are significantly 
different (P < 0.05, Tukey-tests). 
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‘differential-plasticity hypothesis’, whereby metabolic resource alloca-
tion is under differential selection to different (and potentially 
competing) fitness functions in each sex, leading to SSD. The rule is 
supported in some spiders with moderate female-biased SSD (Fernán-
dez-Montraveta and Moya-Laraño, 2007; Kleinteich and Schneider, 
2010) but not in spiders where SSD is marginally male-biased (Uhl et al., 
2004). 

Teder and Tammaru (2005) examined SSD across a broad range of 
insect taxa and found that sex-specific differences in maximum body 
mass were reflected closely in the number of pre-adult instars (nymphs 
or larvae). They found that the sex which grows largest typically has one 
or more instars, allowing them to accrue more body mass. In western 
black widow spiders (L. hesperus), which are close relatives of S. grossa, 
females generally go through six to eight molts before reaching sexual 
maturity, whereas males go through between three and six (Herms et al., 
1935, Deevey, 1949). However, SSD is much more pronounced in 
Latrodectus spp. than in S. grossa. For example, adult body mass in males 
of the Australian redback spider, L. hasselti, is only between two and four 
per cent of adult mass in adult female spiders (Andrade, 1996, 2003; 
Stoltz et al., 2009). Nevertheless, once S. grossa males reached their 
maximum body mass, females of the same age continued to feed and 
grow for up to several months. Although I did not count the actual 
number of instars, there was an additional 2–3 molts in female spiders 
after the growth trajectories of the two sexes diverged. 

Limited prey availability clearly slowed the development of S. grossa 
and depressed the growth trajectories of both sexes. These conditions, 
however, were hardly extreme. In nature, spiders may experience much 
longer periods of prey deprivation and are apparently well adapted to 
cope with these conditions. For example, Forster and Kavale (1989) 
found that sub-adult L. hasselti spiders could survive as long as 5–6 
months without food or water and up to 10 months as adults. Even after 
2–3 months of starvation, most spiders recovered when they were fed. 
Other non-theridiid spiders have been reported to exhibit similar 
development patterns to S. grossa under variable feeding regimes. For 
example, in the Mediterranean tarantula, Lycosa tarantula, variability of 
prey affected male, but not female size at maturity (Fernández-Mon-
traveta and Moya-Laraño, 2007). The authors argue that in L. tarantula 
and presumably many spiders with female-biased SSD, maturation size 
is under net stabilizing selection in females and under directional se-
lection in males. This supports our hypotheses that variability of prey 
access would lead to trade-offs in development time and body mass in 
both sexes of S. grossa that favor large body mass in females and rapid 
development time in males. 

In one of the few studies to measure growth trajectories in spiders, 
Chelini et al. (2019) compared male and female growth curves in the 
highly dimorphic crab spider Mecaphesa celer under variable dietary and 
temperature regimes. In this species, males typically have 6 or 7 instars 
and females up to ten. As with S. grossa, the authors found that the 
growth of males and females followed a similar trajectory until the 5th 
instar but deviated thereafter. Females also took about 10 weeks longer 
to reach maturity than males, but the relative difference in this 
parameter was much less than I found with S. grossa when provided with 
constant prey. The authors also compared growth by measuring ceph-
alothorax width, whereas I used biomass as a size parameter. In some 
arthropods, abdomen length is also used as a proxy for measuring con-
dition. However, body length or width measurements are linear, 
whereas body mass is cubic. This means that the true magnitude of 
differences in size or condition are often more strongly reflected when 
using body mass as a proxy for size (Jakob et al., 1996; Green, 2001; 
Moya-Laraño et al., 2008). 

ESSD, where males are a fraction of female size, is especially prev-
alent in spiders, and in particular orb-web weavers (Tetragnathidae and 
Araneidae) and crab spiders (Thomisidae) (Hormiga et al., 2000). 
Several factors have been posited to explain dwarfism in male and/or 
gigantism in female spiders. First, there is considerable empirical sup-
port for the size-advantage hypothesis in spiders with large females 

producing many more progeny than smaller conspecifics (Head, 1995; 
Prenter et al., 1999). Second, females of many species are largely sessile 
or live in sheltered locations and are not as susceptible to visually 
foraging predators as males, which have to actively disperse in search of 
females (Vollrath and Parker, 1992). Under high mortality risk, preco-
cious sexual maturity (rapid development, smaller size) increases the 
chance of a male fathering at least some offspring. Third, the ‘Ghiselin- 
Reiss small-male hypothesis’ predicts that female-biased SSD will occur 
under mating systems that are characterized by scramble competition 
and where male reproductive success is a function of encounter rate with 
females. In this situation, small size (and extended development time) in 
male spiders is favored when prey is limiting because small males 
require lower absolute amounts of prey than larger males. A trade-off 
between time and energy devoted to foraging and to mate acquisition 
benefits small males that are able to invest more time to the latter ac-
tivity (Ghiselin, 1974; Reiss, 1989; Blanckenhorn et al., 1995). Possible 
rejoinders to this scenario are where females are scarce and smaller 
males more rapidly deplete limited metabolic reserves searching for 
females than larger males, or if females prefer to mate with larger males 
(and thus reject smaller males), forcing them to seek other mating 
possibilities. Lastly, sexual cannibalism is prevalent and well-studied in 
some spider species (Wilder and Rypstra, 2008; Stoltz et al., 2008). Some 
studies report that smaller males are better able to avoid being detected 
and then cannibalized by females before or after mating than larger 
males (Elgar and Fahey, 1996; Foellmer and Fairbairn, 2004). Alterna-
tively, larger males may be better able to fend off attacks from females 
(Elgar and Nash, 1988; Persons and Uetz, 2005), so balancing selection 
could operate here. In the wolf spider, Lycosa hispanica, irrespective of 
male size, the encounter rate with females also influences the risk of 
males becoming food for more aggressive females (e.g. Moya-Laraño 
et al., 2020; see also Rabaneda-Bueno et al., 2008, for a field study). I 
observed little evidence, however, that female S. grossa cannibalize 
males before or soon after mating. 

In summary, the results show that ESSD and protandry in the false 
widow spider, S. grossa are easily visualized throughout ontogeny by 
their growth trajectories. In this species, size is clearly the most 
important correlate of fitness in female spiders whereas males appear to 
trade-off size and development time to achieve the optimal phenotype 
when reared on quantitively variable diets. One shortcoming of the 
study is that I did not include maternal (genetic) effects, whereby the 
degree of SSD and trade-offs between adult body mass and development 
time may vary among different genotypes. Combining this with envi-
ronmental effects (studied here) may provide a somewhat broader 
perspective of phenotypic plasticity among different traits, although this 
may vary more over large geographic scales than locally. However, 
given that ESSD appears to be a fixed trait in S. grossa in different parts of 
its vast global range (this study; Levi, 1962; Levy and Ainitai, 1982; 
Hann, 1994), the maternal influence on SSD is almost certain to be 
negligible compared with environmental effects. Further experiments 
are underway to determine if the same prey availability regimes post- 
mating affects the number of eggs produced per egg sac and over 
time. Given that prey is likely to be scarce or unpredictable in nature, 
further metabolic trade-offs may be observed, for example between body 
mass and egg production, or in the frequency of egg sacs produced over 
time as a function of prey availability. 
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