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Abstract

Predators are traditionally classified as generalists and specialists based on the presence of adaptations that increase efficiency of
prey capture and consumption and selection of particular prey types. Nevertheless, empirical evidence comparing foraging
efficiency between generalist and specialist carnivores is scarce. We compared the prey-capture and feeding efficiency in a
generalist and a specialist (araneophagous) spider predator. By using two related species, the generalist Harpactea rubicunda
(Dysderidae) and the specialist Nops cf. variabilis (Caponiidae), we evaluated their fundamental trophic niche by studying the
acceptance of different prey. Then, we compared their predatory behavior, efficiency in capturing prey of varying sizes, feeding
efficiency, and nutrient extraction. Nops accepted only spiders as prey, while Harpactea accepted all offered prey, confirming that
Nops is stenophagous, while Harpactea is euryphagous. Further, Nops displayed more specialized (stereotyped) capture behavior
than Harpactea, suggesting that Nops is a specialist, while Harpactea is a generalist. The specialist immobilized prey faster,
overcame much larger prey, and gained more mass (due to feeding on larger prey) than the generalist. Both the specialist and the
generalist spider extracted more proteins than lipids, but the extraction of macronutrients in the specialist was achieved mainly by
consuming the prosoma of the focal prey. We show that the specialist has more efficient foraging strategy than the generalist.

Keywords Macronutrients - Predatory behavior - Dangerous prey - Trophic niche - Prey size

Introduction

Food acquisition is fundamental for animals as it directly influ-
ences their fitness (Stephens and Krebs 1986; Breed and Moore

Communicated by: Matjaz Gregori¢

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00114-018-1555-z) contains supplementary
material, which is available to authorized users.

P4 Luis Fernando Garcia
luizf.garciah @ gmail.com

D4 Stano Pekar
pekar @sci.muni.cz

Grupo Multidisciplinario en Ecologia para la Agricultura, Centro
Universitario Regional Este, Universidad de la Republica, Treinta y
Tres, Uruguay

Seccion Entomologia, Facultad de Ciencias, Universidad de la
Republica, Montevideo, Uruguay

Laboratorio de Ecologia del Comportamiento, Instituto de
Investigaciones Bioldgicas Clemente Estable, Montevideo, Uruguay

Department of Botany and Zoology, Faculty of Science, Masaryk
University, Kotlarska 2, 611 37 Brno, Czech Republic

2015). Predictions about food choice in predators have long
been based on the optimal diet theory (ODT) (e.g., Pyke et al.
1977). Most studies related to ODT have focused on generalist
or facultative specialist predators; thus, evidence on the optimal
prey of obligatory specialist predators is lacking.

As a consequence of possessing specialized adaptation,
capture and feeding efficiency on the focal prey should be
higher in obligatory specialist predators when compared to
generalist predators (Futuyma and Moreno 1988). Prey-
capture strategies in obligatory specialist predators have been
shown to be highly stereotyped, yet very efficient towards
focal prey (Lauder 1983; Pekar 2004; Reza& et al. 2008).
Predatory specialization is also reflected in adaptations used
by predators in prey handling and nutrient extraction (Pekar
and Toft 2015). Thus, energy and nutrient optimization are
likely achieved differently in specialists and generalists
(Futuyma and Moreno 1988).

Energy intake is optimized by selecting and feeding on a
prey of a certain size (e.g., Elner and Hughes 1978; Molles
and Pietruszka 1987). Specialist arthropod predators were
found to catch relatively larger prey (e.g., Bulbert et al.
2014; Pekar et al. 2014). A comparative study on crabs
showed that specialist crabs captured larger mussels when
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compared to generalist (Yamada and Boulding 1998). This
suggests that optimal prey is larger for specialists than for
generalists. If a single prey is considered as a patch, then
specialists are expected to remain in the patch for a longer
time (i.e., exploit it more) because the search for a new patch
takes longer than in generalists (Heller 1980). Indeed, a spe-
cialist spider fed for a longer time than a generalist (Michalek
etal. 2017).

Nutrient extraction strategies also seem to vary between
specialists and generalists. For example, the specialist herbi-
vore selected food of a lower protein content and retained
nitrogen more efficiently than generalists (Raubenheimer
and Simpson 2003). Predators, however, are not so limited
in proteins as herbivores (Mayntz et al. 2009); therefore, they
should balance intake of all macronutrients. While generalist
predators can balance nutrient intake by consuming different
kinds of nutritionally complementary prey (Kohl et al. 2015),
specialists are expected to feed on a prey that closely approx-
imates the required balance of macronutrients (Raubenheimer
and Simpson 2003) due to limited ability to compensate for
nutrient imbalance (Lee et al. 2003). The nutrient balancing in
specialists might be achieved by consuming more efficiently
different body parts of the focal prey (Pekar et al. 2010).

Spiders are considered the most diverse group of terrestrial
true predators (Pekar et al. 2017). The huge diversity of this
group is reflected not only in the high number of species but
also in the wide variety of prey-capture strategies used as well as
in the variety of trophic specializations exhibited (Cardoso et al.
2011). Pekar and Toft (2015) showed that spiders specialize in at
least six arthropod groups, namely ants, dipterans, isopods,
moths, spiders, and termites. Among these, myrmecophagous,
termitophagous, and araneophagous spiders have specialized on
dangerous prey and have evolved a variety of specialized adap-
tations. Spiders are also considered as dangerous prey since they
possess venom and silk which might turn the possible predator
into prey (Jackson and Hallas 1986; Whitehouse 1987; Wignall
and Taylor 2009); therefore, an aranecophagous specialist should
possess highly specialized adaptations for feeding on spiders
(Jackson and Hallas 1986; Cerveira and Jackson 2005;
Harland and Jackson 2006; Pekar et al. 2011).

Our aim in this study was to compare energy and nutri-
ent extraction in a stenophagous specialist araneophagous
spider and a related euryphagous generalist species. We
used two spider species for which anecdotal observations
suggested to be specialist and a generalist. Therefore, we
first investigated their trophic niche, and predatory behav-
ior, to reveal whether they are stenophagous/euryphagous
and specialist/generalist. We hypothesized that the special-
ist would use highly stereotyped strategy, capture larger
prey, and exploit it more than the generalist as predicted
by the theory. With respect to nutrient extraction, we ex-
pected that the specialist would exploit prey thoroughly in
order to obtain specific nutrients.
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Material and methods
Study species

As a putative specialist spider, we used Nops cf. variabilis
(Caponiidae), further named Nops. This Neotropical genus
includes medium-sized wandering spiders that live in litter
and search for prey during the night (Sanchez-Ruiz 2004).
Our preliminary field observations revealed Nops to prey on
other spiders from the families Lycosidae, Dipluridae, and
Occobiidae (Garcia, unpublished). Ideally, a generalist from
the same family should be used for a comparison. However,
very little is known about the trophic ecology of these very
rare spiders. Therefore, we used a putative generalist spider,
Harpactea rubicunda (C. L. Koch) further named Harpactea,
from a phylogenetically closely related family Dysderidae
(Wheeler et al. 2017). Although a few other spider families
are more related to Caponiids, these either include specialists
or use a very different prey-capture strategy (a web) than
Nops. Harpactea is a species widely distributed across
Europe (World Spider Catalog 2016). It is a wandering species
living in litter as is Nops. The diet of this species has not yet
been rigorously studied, but unpublished observations suggest
it captures various arthropods (M. RezA¢, pers. comm.).

Juvenile and subadult individuals of Nops were collected in
the city of Neiva, Colombia (2° 59’ 55" N, 75° 18’ 16" W), and
juvenile and adult individuals of Harpactea were collected in
Brmo, Czech Republic (2° 59" 55" N, 75° 18" 16” W). The
spiders were housed individually in tubes (60 mm long,
10 mm in diameter). The experiments were performed in the
Czech Republic.

Prey acceptance

One week before starting the experiments, the spiders were
fed to satiation using different prey. In the case of Nops, we
used small spiders (Araneidae, Araniella sp.) as prey, while in
the case of Harpactea, we used small crickets (Acheta
domestica). We used different prey for each species because
many Harpactea individuals rejected spiders as prey and no
Nops accepted other prey than spiders. All individuals were
fed with the selected prey to satiation. Offered prey represent-
ed approximately the same length as a spider prosoma.
Afterwards, spiders were deprived of food during 1 week after
satiation in order to standardize hunger.

After starvation period, we performed prey acceptance ex-
periments with both species in order to determine the breadth
of their fundamental trophic niche. We selected six prey types
related to those found sympatrically with both species
(Table 1). The prey was offered to 29 individuals of Nops
(mean prosoma size £ SE =1.5440.08 mm) and to 20 indi-
viduals of Harpactea (3.48 £0.21 mm). The body size of each
spider was obtained by measuring its prosoma length under a
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Table 1 List of prey types used in

acceptance experiments with their Order/family

mean body sizes
Hymenoptera/Formicidae

Dictyoptera/Blattellidae
Collembola/Entomobryidae
Diptera/Drosophilidae
Lepidoptera/Pyralidae

Araneae/Lycosidae

Species Mean size (mm)
Tetramorium cespitum Linnaeus 53+£03
Symploce pallens (Stephens) 8.0+0.7
Sinella curviseta Brook 31+£03
Drosophila melanogaster Meigen 53+04
Ephestia kuehniella (Zeller) 62+04
Pardosa sp. 62+1.1

stereomicroscope with an ocular ruler. Spiders were placed
individually into Petri dishes (diameter 6.5 cm) 1 day before
the start of the experiment to acclimatize. A prey was released
into the dish and attack, capture, and consumption were re-
corded. If after 30 min the spider had not captured the prey, it
was replaced by another one until one was accepted. If a prey
was accepted, the spider was left to consume it, and another
trial took place 5 days later. This procedure was repeated until
all prey types were offered to all spider individuals in a com-
plete block design. Prey were offered randomly to avoid any
effect of order offering and only once to each spider.
Acceptance was measured as binary scoring (consumption
or rejection).

The breadth of the fundamental trophic niche for each spe-
cies was based on the proportion of each prey type captured. It
was estimated by using the standardized Levin’s index (By),
using the following formula:

(&)

(n=1) ’

By =

where pj is the proportion of individuals which consume the

Jjth prey, and 7 is the total number of prey types offered. Values
of B, vary between 0, when the niche breadth is minimal, and
1, when the species does not discriminate among prey types
(Krebs 1999).

Predatory behavior

To reveal whether the species used similar behaviors to catch
prey, we analyzed the predatory behavior of Nops and
Harpactea using spiders as prey. Another 24 juvenile and
subadult individuals of Nops and another 22 adult and juvenile
individuals of Harpactea were starved for a period of 1 week
after being fed to satiation following the same procedure as in
the previous section. Afterwards, spiders were fed with juve-
nile individuals of Pardosa cf. agrestis (the relative prey/
predator body size was 0.54-2.16 in Harpactea, and 1.37—
2.62 in Nops). We selected this prey type as it was accepted
by both species.

Spider predators were placed singly into a Petri dish
(diameter 4.5 cm) and prey was released 5 min later. In
the case of Harpactea, the hunting sequence was recorded
with a Canon Legria HFG10 camera. In the case of Nops,
due to its extremely fast attack behavior, prey capture was
recorded using a MotionXtra N3 high-speed camera, with
a speed of 500 fps. The complete predatory sequence
from the first capture attempt until the prey was grasped
was recorded.

We identified behaviors (Table 2) used in the prey cap-
ture which were common to both species. Afterwards, we
generated predatory sequences from the observed behav-
iors and transition probabilities by means of the TramineR
package (Gabadinho et al. 2011). From the predatory se-
quence for each species, we estimated each species’ en-
tropy index (H') (Lehner 1996), which evaluates the se-
quence complexity by measuring the diversity of behav-
ioral events (Gabadinho et al. 2011), using the following
formula:

H'==%"pn(p,),

where a is the total number of behaviors and p; is the
proportion of occurrences of the ith behavior in the con-
sidered sequence. To compare the entropy index between
both species, 95% confidence intervals were estimated by
means of bootstrap with 1000 replications.

Table 2 Ethogram of prey-capture behaviors observed in Nops and

Harpactea

Behavior Description

Approach The spider orients itself and
approaches the prey.

Waiting The spider waits next to the prey.

Grasp The spider embraces the prey using
the first two pairs of legs.

Pounce The spider jumps towards the prey.

Bite The spider pierces the prey body

using its cheliceral fangs.
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Capture efficiency

During observations of capture behavior, we recorded the
paralysis latency as the interval between the first bite and
the complete immobilization of prey. We also recorded the
size of prey. Paralysis latency was compared between species
by generalized linear model (GLM) with Gamma distribution
(GLM-g) and logarithmic link due to heteroscedasticity
(Pekar and Brabec 2016), with prey/predator size ratio as a
covariate.

To compare efficiency in the capture of size-varying prey,
we offered spiders of the genus Pardosa of various body sizes
to another 39 individuals of Nops and another 25 individuals
of Harpactea (so that the relative size was 1.50-9.50 in
Harpactea, and 1.20-16.84 in Nops). The body size of prey
was estimated as follows: a picture of each prey was taken
using a Canon Legria HFG10 camera and the size was mea-
sured using ImagelJ 1.46r software (Schneider et al. 2012).

The experimental procedure was similar to that used in
the acceptance experiments (see above). Spiders were
starved for 1 week, then placed in a Petri dish (diameter
4.5 cm), and the prey was released. We compared the rela-
tionship between capture (recorded in a binary way) and
the predator—prey size ratio (the ratio of the predator’s pro-
soma length and the prey’s total body size) between Nops
and Harpactea. We used only prosoma and not the whole
body of the predator because this is a constant measure
unlike the length of abdomen, which is changing with the
state of satiation (Anderson 1974). We used a generalized
linear model with a binomial distribution (GLM-b) to com-
pare capture efficiency between the two predator species,
with prey/predator size ratio as a covariate.

Prey consumption

We compared the feeding time and the mode of feeding be-
tween Nops and Harpactea as follows. Before the experi-
ments, another 20 individuals of Nops and another 16 individ-
uals of Harpactea were starved for 1 week after satiation.
Predators were released singly into the Petri dish, and wolf
spiders (Pardosa cf. agrestis) of different sizes (the relative
prey predator size was 0.48-1.31 for Harpactea, and 1.43—
3.68 for Nops) were offered as prey. Once prey were captured,
we recorded every 15 min which body part the spider was
feeding on, i.e., the prosoma (including legs) or abdomen.
Afterwards all observations on one individual were summed
per individual to avoid repeated measurements.

We compared the total feeding time and the percentage
of the total time feeding spent on each body part of the
prey. Feeding time was compared by using a GLM with
Gamma distribution (GLM-g) and logarithmic link.
Percentages of feeding time on different body parts were
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compared using linear models (two-way ANOVA) follow-
ing arcsine transformation to approach a normal distribu-
tion and homogenize variance.

We also calculated the mass gained after feeding as the
difference between the initial and final weights of each spider,
i.e., the weights before and after feeding. The mass was mea-
sured using a KERN 770 balance with a precision of 0.01 mg.
Feeding efficiency was expressed as the mass gain percent
divided by the total feeding time and scaled by the body size
ratio. Feeding efficiency was compared between both species
by using GLM-g and logarithmic link due to
heteroscedasticity.

Macronutrient extraction

We analyzed the macronutrient (lipid and protein) compo-
sition of each juvenile Pardosa individual separately for
abdomen and prosoma using 10 freshly killed individuals.
To do this, body parts were dried at 60 °C, and the dry
mass was measured to the nearest gram 107>, Afterwards,
samples were submerged in chloroform, centrifuged for
5 min at 500 rpm at room temperature, and dried again
for 6 h. This procedure was repeated twice. The lipid con-
tent was then estimated as the difference in dry mass mea-
sured by KERN balance before and after extraction
(Hawley et al. 2014). For protein extraction, which follow-
ed afterwards, we used the protocol for PRO-PREP™
(Intron Biotechnology), a protein extraction detergent. In
this method, the dry sample was mixed and homogenized
with the detergent by centrifuging it every 2 min for 20 min
(seven times), at 500 rpm and room temperature.
Afterwards, the sample was centrifuged at 12,000 rpm for
5 min. The mixture supernatant was removed and the tissue
was dried for 6 h and weighed again. The mass difference
between the initial and final weightings reflected the pro-
tein content. Cuticle remains were excluded from the anal-
yses since these do not dissolve and are not consumed by
the spiders.

To compare the amounts of nutrients extracted from
each Pardosa individual between spider species, we
followed the procedure for analyzing body parts as above,
comparing the remains of prey consumed by Nops and
Harpactea. Nops consumed prey by sucking liquefied tis-
sue so that intact prey carcass was left, whereas
Harpactea crushed prey and a bundle of remains was left.
Comparison of the nutrients (proteins and lipids), in the
prosoma and the abdomen as well as of nutrient extraction
for both species, was made using a linear model on
arcsine-transformed data (two-way ANOVA).

All statistical analyses were made within the R environ-
ment (R Core Team, 2016).
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Results
Prey acceptance

We observed the acceptance of all prey types by
Harpactea, with the greatest frequency of consumption
for termites and flies. In contrast, Nops captured only spi-
ders and never attempted to attack any other prey type
offered (Fig. 1). In all recorded cases, the attacked prey
was also consumed.

The standardized Levin’s index was much wider for
Harpactea (B, =0.93) than for Nops (B, =0). These results
indicate that Harpactea is euryphagous, while Nops is
stenophagous consuming only one prey type.

Predatory behavior

We recognized five behaviors during prey capture of Pardosa
(Table 2). The main strategy in Nops consisted of approaching
the prey and afterwards pouncing on it, followed by grasping
and biting (Fig. 2, Video S1). All spiders bit the prey’s proso-
ma during capture. Although the same pattern was recorded in
Harpactea, the sequence had more transitions between
“approach,” “wait,” and “grasp,” since the prey could escape
and Harpactea needed more than one attempt to capture it.
When comparing predatory sequences, these were significant-
ly more complex in Harpactea than in Nops (Fig. 3): the
entropy for Nops was 0.65 (Clgs: 0.16, 1.24), while for
Harpactea it was 3.92 (Clos: 2.86, 6.27). The results suggest
that Nops is a specialist, while Harpactea is a generalist.

10

O Nops
O Harpactea

Probability

04

02
L

Spider Springtail ~ Fly Termite Moth Cockroach

Prey type

Fig. 1 Comparison of the relative frequencies of the capture of six prey
types by Harpactea and Nops

Capture efficiency

With respect to paralysis latency, we found significant inter-
action between spider species and the prey/predator ratio
(GLM-g, F 41 =19.18, P<0.0001, Fig. 4). In Harpactea,
the latency increased with the prey/predator size ratio (#=
6.02, P<0.0001), while in Nops the size had no effect (r=—
0.16, P=0.87).

We found a significant difference between the two species
in the capture efficiency with differently sized Pardosa prey
(GLM-b, X, 12 =8.69, P=0.0029). In both species, the capture
efficiency decreased with increasing prey/predator size ratio
but at different rates: in Harpactea, 50% acceptance probabil-
ity was observed for prey with a body length about 1.5 times
the size of the spider’s prosoma, while in Nops 50% accep-
tance probability was observed for prey with a body length
about three times the size of the spider’s prosoma (Fig. 5).

Prey consumption

Total feeding times on Pardosa were significantly different
between species (GLM-g, F'j 3,=94.30, P<0.0001): Nops
fed for a longer time when compared to Harpactea (Fig. 6).
However, when taking into account the size of prey, the feed-
ing efficiency expressed as mass percent gain per minute was
not significantly different between both species (GLM-g,
F134=0.002, P=0.98), with an average of 0.75%/min.

In terms of the proportion of feeding time, the interaction
between the body part and the species was significant
(ANOVA, F 43=52.7, P<0.0001, Fig. 7): Nops fed on the
prosoma for a significantly higher proportion of the time than
on the abdomen (contrast, 1=9.56, P<0.0001), whereas
Harpactea fed evenly on the two body parts (contrast, #=—
0.93, P=0.35).

Macronutrient extraction

The body parts of Pardosa differed significantly in their nu-
tritional composition (ANOVA, F 45=16.48, P <0.0001,
Fig. 8). The percentage of proteins was significantly higher
when compared to lipids in both the prosoma (contrast, f=—
19.59, P<0.0001) and abdomen (contrast, = 13.85,
P <0.0001). The percentage of lipids was significantly higher
in the abdomen than in prosoma (contrast, r=—2.87, P=
0.000).

The trends of nutrients extracted showed no significant
difference between species (ANOVA, F|36=1.51, P=0.22,
Fig. 9), suggesting both species extract nutrients similarly.
When comparing nutrient extraction for both species simulta-
neously, we found that extraction for proteins was higher than
that for lipids in both species (ANOVA, F ;6= 124.81,
P <0.0001).

@ Springer
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Fig. 2 Elements of predatory
behavior of Nops sp. (on the right)
(A) Waiting next to the prey after
its approach. (B) Pouncing on the
prey. (C) Grasping the prey’s
prosoma using the two first pair of
legs. (D) Holding and biting the
prey in the prosoma

Discussion

Results on prey acceptance indicate that Nops has a more
limited diet than Harpactea and is consistent with our hypoth-
esis that Nops is a stenophagous predator and Harpactea is a
euryphagous predator. Unlike other araneophagous spiders
that feed also on other prey than spiders (Harland and
Jackson 2006; Pekar et al. 2011), Nops captured only spiders
and thus had a very narrow diet breadth. Although all prey
offered to Nops was novel, it readily accepted only spiders.
Thus, a novelty of prey should be of limited effect on their
acceptance. All prey types were palatable and accepted by the
euryphagous Harpactea; thus, these prey types should be ac-
cepted by Nops if considered as a suitable prey. The absence

of even attacks on these prey types suggests that Nops did not
recognize them as prey—presumably its senses are fine-tuned
to a specific prey similarly to other highly specialized preda-
tors (e.g., Pekar 2004; Petrakova et al. 2015).

The results of predatory behavior experiments confirmed
Nops as a specialist and Harpactea as a generalist. We found
that the predatory sequence observed in Nops was highly ste-
reotyped, compared to that of Harpactea. Although some spe-
cialist predators show versatile predatory strategies (e.g.,
Harland and Jackson 2006), stereotyped strategies are most
likely the result of a strict specialization: Nops is an obligatory
araneophage. Similar stereotyped prey-capture strategies have
been recorded in other highly specialized spiders that prey
exclusively on a single prey type (Pekar 2004; Petrakova

Fig. 3 Prey-capture sequence A) B)
with transition probabilities in
Nops (A) and Harpactea (B) Ap p roac h A p p roac h -—
using Pardosa spiders as prey )
=
1 t o 039 I 028
021
008 . — I - o44| |01
Grasp |«°® | Waiting Grasp | ow, | Waiting
J 0.92 %>
>

0;\ 0.47 lo,as
Pounce Pounce

l 0.05

Bite

0.251
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Fig. 4 Relationship between latency to paralysis and prey/predator size
ratio for Harpactea and Nops. Models were estimated using GLM-g

et al. 2015). In specialized predatory fishes, display of stereo-
typed predatory strategies is explained as a consequence of
morphological constraints which limits the use of alternative
predatory strategies (Lauder 1983; Sanderson 1991).

We found that the specialist spider captured markedly larg-
er prey than the generalist. A similar trend was observed in
crabs as a consequence of specialized claw morphology
(Yamada and Boulding 1998) and in an araneophagous
gnaphosid spider, which possesses adhesive hairs for holding
the prey and a thickened cuticle to minimize injury by prey
(Michalek et al. 2017). The higher efficiency of Nops in the
capture of spiders was also reflected in shorter paralysis laten-
cy. While this parameter increased with prey size in
Harpactea, suggesting that larger spiders are more difficult

o
- =1 O I@OI O o O =]
- —%— Harpactea

~0-- Nops

08
|

086

Probability of acceptance
04

02

0.0

Size ratio

Fig. 5 Relationship between capture probability and prey/predator size
ratio for Harpactea and Nops. Logit models were estimated by GLM-b
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C) —
Harpactea Nops

Species

Fig. 6 Comparison of the total feeding time recorded in Harpactea and
Nops. Different letters indicate significant difference. Bars are means.
Whiskers are 95% confidence intervals

to paralyze and may require more venom to be injected
(Wigger et al. 2002), it was almost constant for Nops suggest-
ing it has a more powerful venom to paralyze its prey or
alternatively that it is able to adjust the dose of venom (ac-
cording to the size of prey) more efficiently than Harpactea.
Similar results for paralysis time were observed for termite

a
=3 O Prosoma
- ’ O Abdomen
® ‘
[ee)
C
C
& ©7
8
C
(]
o
5 ‘ ‘
a o |
<
b
o _|
N
o
Nops Harpactea
Species

Fig. 7 Comparison of the proportion of feeding time spent on different
body parts of Pardosa prey in Harpactea and Nops. Different letters
indicate significant difference. Bars are means. Whiskers are 95%
confidence intervals
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Fig. 8 Comparison of the proportions of proteins and lipids in the
prosoma and abdomen of Pardosa prey. Different letters indicate
significant differences between the groups. Bars are means. Whiskers
are 95% confidence intervals

specialists (Petrdkova et al. 2015) or ant-eating spiders (e.g.,
Pekar et al. 2014). Short immobilization times have been re-
ported in animals which specialize on capturing spiders, sug-
gesting the presence of specific venom to paralyze the prey
(Pekar et al. 2014; Pekar and Toft 2015; Konno et al. 2016).
Since spiders are dangerous prey, we expect there to be a
selection for quick paralysis to prevent counter-attack
(Mukherjee and Heithaus 2013).

S - O Proteins
- a O Lipids
a
I ,
> 3 |
©
€
[+
-
£ 9+ b t|>
. | |
S |
o
Nops Harpactea

Species

Fig. 9 Comparison of nutrient extraction (proteins and lipids) by
Harpactea and Nops. Different letters indicate significant differences
between the groups. Bars are means. Whiskers are 95% confidence
intervals
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The feeding efficiency measured as extraction rate was
found to be similar for both species. But in absolute terms,
i.e., the total feeding time, the specialist fed for a longer time
than generalist simply because the prey of the former was
larger. To our knowledge, empirical evidence supporting the
hypothesis of a higher feeding efficiency in specialist preda-
tors is scarce. It has been observed in slug-specialist snakes in
which assimilation and energetic efficiencies were higher
when compared to generalist counterparts (Britt et al. 2006).

We hypothesized that the capture of a large prey in the
specialist might be linked to the exploitation of specific mac-
ronutrients from certain body parts, as has been shown in
some specialist spiders (Pekar et al. 2010). Indeed, Nops
exploited more prosoma than abdomen, while Harpactea
fed similarly on both parts. Both Nops and Harpactea extract-
ed two macronutrients (proteins and lipids) in similar propor-
tions; the difference must have been due to content of other
nutrients (e.g., micronutrients) which we did not measure. An
alternative hypothesis would be that Nops would be able to
extract nutrients stored in the abdomen via pedicel and proso-
ma. Since both the prosoma and abdomen showed similar
macronutrient compositions, the marked consumption of the
former structure in Nops could be related to the presence of
specific substances in this body part (Toft et al. 2010), or it
could be an adaptation to avoid consumption of some noxious
substances, which are typically stored in the abdomen
(Michalek et al. 2017). As we observed and measured the
consumption of nutrients only once, we do not know how
the nutritional target is achieved in this specialist. This re-
mains to be investigated in the future.

A study comparing nutrient extraction in specialist and
generalist herbivores showed that the generalist selected more
proteins than carbohydrates when compared to the specialist
(Raubenheimer and Simpson 2003). The specialist herbivore
selected food of lower protein content, which is in direct con-
trast to our results. Overall, the generalist herbivore showed
greater behavioral and physiological flexibility than the spe-
cialist in response to nutrient imbalance.

An obvious cost of specialization is decreasing ability (or
incapability) to capture alternative prey (Pekar and Toft 2015).
This may have serious consequences on the fitness of special-
ists if the focal prey becomes rare or even absent. It should
also be explored if Nops prefers certain spider guilds or fam-
ilies, as it has been shown in other specialist spiders (e.g.,
Harland and Jackson 2006; Haddad et al. 2016).

In this study, we show how various parameters of energy
and nutrient extraction differ between one generalist and one
specialist predators. In a similar and parallel study with two
other spider species (Michalek et al. 2017), very similar results
were obtained. Specifically, stereotypy, higher capture effi-
ciency, shorter paralysis latency, and longer feeding time were
observed in the specialist. But both species had similar feeding
efficiency. Thus, it seems that observed differences between
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specialist and generalist are universal. Yet, to confirm this, it is
necessary to conduct a similar study using more pairs, and
predators specialized on other prey types, such as ants, ter-
mites, or woodlice.

Our results confirm that specialist’s efficiency in capturing
its focal prey is greater than that of the generalist; the specialist
achieved greater level of efficiency by displaying stereotyped
prey-capture behavior, and probably using more potent
venom.
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