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ABSTRACT

[Unidirectional and transitive predatory relatioipshof spider species in one-on-one encountersc{ida: Araneae)]
Inter-specific predation (‘inter-specific araneogya among spiders is very common in the field.

We investigated the transitivity (defined heregfteérinter-specific predatory dominance relatiopstémong 60 spider species
belonging to 16 families in the laboratory in omeane encounters between specimens of unlike sp@lyads). Inter-specific
predatory dominance (killing-dominance) of one caeother species was only assigned if the killpecsnen was smaller than
the killed specimen (smaller prosoma and shortétfainner first legs of the killing than of thelkitl specimen, while
disregarding opisthosoma (abdomen) size). Theitiatysof predatory-dominance-relationships waatistically significant (as
demonstrated in our earlier study on much fewecispg The definition of transitivity of dominanoalationships among three
different species is that species A shows dominaxeespecies C if A is dominant over B and B dantrover C.

The inter-specific dominance (predatory) relatiopstwere not only significantly transitive, but aksignificantly
unidirectional (as in the pioneer studies of theckpright’ order among individuals of the same $g&ea fowl and fish
groups).

An example of an unidirectional killing(predatorgydinance-relationship between two different speisigkat smaller
specimens of species A have the power to kill laspecimens of species B, whereas smaller speciofespecies B cannot
kill larger specimens of species A (definition @fidirectionality in the case of only two involvedesies). We are not aware
of published accounts on the statistical signifceof the unidirectionality of the inter-specificepatory relationships among
spiders in the field or in the laboratory.

Highly-killing-dominant species of spiders showéder killing(predation)-latency times than lessrdnant species in the
laboratory. Hence, the high dominance of a pawicsipecies could be predicted from its short IgHiatency-time.

The stickiness of the silk, some predatory techesgvith or without using threads and/or wrappipgotithe prey), and
morpholgical characteristics of the legs are disedsn an attempt to explain the high dominance fefv of the highly
dominant investigated species.

Key words: anatomy, araneophagy, body size, ingeci§ic predation, killing dominance, killing-lateprtime, spiders,
transitivity, unidirectionality.

INTRODUCTION

Inter-specific predatory relationships (killing-dorance relationships) were demonstrated to beitramén our
earlier laboratory study of one-on-one encounteta/éen spiders of a few different species (HeuBrént

2001). However, the transitivity was based on hsggcific dominance relationships that were naartjeshown

to be unidirectional. We now teshidirectionality, i.e. we ask whether species that can kill (angatarger
spider of another species, are never killed inrreby smaller specimens of that other species.fWther, now
test our hypothesis ofansitivity of the inter-specific predatory dominance relagtips on a much larger sample
of spider species and families than in our easliady. We, again, ask whether or not species Akilill
specimens of species C being larger than itselivgpecies A has shown to be capable of killingdarg
specimens of species B and when B has shown tagsbte of killing larger specimens of C.

If we find unidirectionality of inter-specific pration on allospecific spider victims having a larbedy size
than the killing spider, this unidirectionalityéemparable to the absolute ‘peck-right’ found ie gioneer
studies on birds and fish (e.g. Schjelderupp-El8#21Braddock 1945, 1949). These vertebrates showed
absolute unidirectionality (‘peck-right’) in dyadéncounters within small groups of their own specfdways
the same individuals gave way to (were dominatgdbher individuals while never dominating in retur

We now include, further, the latency times befquiglers were killed and correlate them to the isigecific
dominance relations. Short killing times may badgpof highly dominant species, but not necesgadl. If so,
inter-specific dominance positions of spider specght be predicted from their tendency to kilidgps after a
short or long time.

Exclusive or obligatory araneophagy (spider-eathmay often been observed both in the field andr&boy
in Mimetidae and several Theridiidae (Foelix 1982kson & Whitehouse 1986, Whitehouse 1987, Sutal &
1989, Heuts & Brunt 2001). In captive and wild rexclusively araneophagic spiders inter-specifinaophagy
is also very common (e.g. Bilsing 1920; Rovner 1388llander 1970; Kiritani & al. 1972; Jackson &eBt
1982; Gunnarsson 1985; Jackson & Rowe 1987; Swtartkd996; Samu & al. 1996; Jackson & Wilcox 1998;
Watson 1998; Crooke 2002). Intra-specific aranegpttaannibalism) is also common, both in the figil
laboratory (e.g. Rovner 1968; Sunderland 1996; S&ral 1996; Watson 1998).

We end up with briefly discussing an obvious questleserving further research, i.e. what makesdesp
species capable of killing other spider speciegeiathan itself? What is the role of behavioural anatomical
factors apart from web characteristics?
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MATERIAL AND METHODS

Spiders of 60 differerfEuropean species from 16 families were kept isdlatglastic petri-dishes (9 cm
diameter, 1.5 to 2.0 cm depth) and larger plasiieb of at least 5 cm depth. Both types of traresgarontainers
served as arena for one-on-one encounters in bloeatory (the larger containers for spiders witarge body
size; similar test situations in Sunderland & &94; Heuts & Lambrechts 1999; Heuts & Brunt 200104
Heuts & al. 2001). The containers had wet filtepgra(c. 4 x 4 cm) and a dry leaf or twig on thetdot
Temperature varied between 12 and 31° C dependitigeoseason. Tests were carried out from the aft@&200
to October 2005. Natural and/or artificial lightsvaresent from 7 am to 21 pm. Live and/or crusheitfiies and
houseflies were given once or twice a week depgndimthe temperature but were absent during teetést
day. After the second moult following emergencerfrihe egg-sac the young and older spiders oftenaisl
from the crushed flies (see also Bilde & Toft, 200tntioning the high quality of fruitfly food).

Part of the species could not be bred from grasmddies caught from the wild (Heuts & Brunt, not
published). Three linyphiid species were easilydbrelarge numbers, i.&nathonarium dentatunSaaristoa
abnormis andMicrargus subaequalisSeven linyphiid species were bred in much smallenlvers, i.e.
Bathyphantes graciliDiplostyla concoloy Erigone dentipalpisGongylidium rufipesMicroneta viaria
Oedothorax fuscysindPocadicnemis pumilaNine linyphiid species were rarely or very rarbhed, i.e.
Bathyphantes approximatuBiplocephalus cristatyD. picinus Linyphia hortensisMeioneta rurestrisNeriene
montanaN. peltata Tenuiphantes zimmermanandWalckenaeria acuminat& hirteen species outside the
linyphiid family were bred in large numbers, iAchaearanea tepidariorunEnoplognatha ovatadNeottiura
bimaculata Steatoda grossa heridion impressunT. melanurumPholcus phalangioide$achygnatha clercki
P. degeeri Tegenaria atricaClubiona phragmitisC. reclusaandPardosa amentatalrhe remaining species that
were rarely bred or very rarely, wefggiella x-notataNuctenea umbraticd_arinioides cornutusTheridion
tinctum Ero furcatg Amaurobius similisEvarcha falcataClubiona comtandMarpissa muscosa

For spider species identification we followed Rabé1985,1987,1995).

Small spiders were tested after having been kegtysin the containers for at least 30 minutestfumore
than two months). A test consisted of bringing thgetwo spiders into a container. One of the tvas wesident
in it and might have constructed a web duringstdation before introduction of the other spidentfuder”). In
all these resident/intruder tests the webs wer@vehexcept for the web part occupied by the resida
approx. half of the tests two spiders were intredlsimultaneously into a new container without wigh®
“intruders” whose introduction times were at mosé aninute apart). Preliminary tests had shownpghedation
times did not significantly differ between two-iatter dyads and one-resident-one-intruder dyadsd&wgs
linyphiid spiders did not significantly differ fromtruder linyphiid spiders in probability of kilig the other
spider (Heuts, unpublished data). In other spidmiilies, however, residents did significantly diffeom
intruders, i.e. the residents had a higher killdaninance (Suter & Keiley 1984; Hammerstein & Rixtt1988;
Jackson & Cooper 1991; Heuts & al. 2001). In otdezxclude that the differences between spideriepareould
still be confounded by resident-intruder asymmestvie assigned residence and intruder status ragdortie
species.

After having put two spiders together they wereeotsd during at least 5 minutes. If at that timesythtill
had not touched each other or had not come withih @ther’s reach, the observation was continuedrfother
5 minutes during which vibrations were administei@their container in order to stimulate runnimgla
probability of meeting. This method was successfuhore than 90 % of such tests. At that time thseovation
was aborted except for cases of continued observitat the end of the 10 minutes the spiders \aégpprox.
1.5 body lengths distance from each other or ledsia fact, were often clearly responding to eattter or were
even attacking. Observation was resumed approguf later for 1 minute in order to check for possibflicted
lesions (leg loss) or araneophagy. A similar shorttrol observation was inserted on the next ddgrbenoon
and on each of the following days up to th& @iy (9 days after the spiders had been put togethat that time
the two spiders were still alive they were sepatététen in view of other experiments) or they wksfé together
and were observed at least once every 2 or 3 dayone of them had been killed. We counted only
unambiguous cases of killing (with at least pax@hsumption of the victim in more than 96 % of thsts). We
excluded cases where a spider was found dead witéimyubody lesion (visible under 10 x magnificajiarhile
having extremely curved legs (not pressed agdmesbody as in the ‘feigning-death-position”). Howev
incompletely poisoned spiders that had been biitesily were included as killed spiders in the da¢zause they
were readily recognizable by their motionless edézhlegs or by retracted trembling legs and bectnesewere
almost always searched for and bitten again (dafety killed) by the killing spider within the néxne or two
days.

There were only two clear cases of two spiderinkjleach other among several thousands of kidis(1) a
Walckenaeria acuminatadult female and aBuophrys lanigeradult male; (2) a juvenile femakchaearanea
tepidariorumand a very youn@extrix denticulataof unknown sex.

Killing spiders survived for a time not importantlifferent from that of untested isolated spiders.

Only nonparametric statistical tests (Siegel 198&)e applied and are specified in the Results@eetnd
tables (two-tailed critical significance level afph 0.05). Parametric tests were avoided, e.g.usecthe
predation latency times did not show a normal iistion.
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RESULTS

Unidirectionality of inter-specific killing-dominae

Unidirectional inter-specific killing-dominance species A over species B was defined as the cgpacit
of A killing at least once a specimen of B havihgee main body-size measures larger than A (wisleadding
abdomen size), whereas species B was never akikéadarger specimen of species A. The three niaidy-size
measures were prosoma length, length of the letredirst pair, and thickness of these legs.

There were 22 different types of two-species-pias were tested each at least twice and thatt@aeh
showed an identical killing-dominance outcome @ab). In this list of 2Zpecies-pairs there were 12 different
speciesnvolved and each of these species showed attlgst an identical killing-dominance outcome, tleey
showed a statistically significant degree of umdiionality at the species level (Sign test; N #X2 0, p <
0.001; table 1). For each of the 22 two-specieshioations there was at least one control testaigpider of the
dominant species was tested against a smalleabhstea larger spider of the non-killing-dominapésies. In all
these (more than 22) control tests the killing-dwemnit species killed the non-dominant species wheetter
had a smaller body size.

We conclude that statistically significant unidiieaality of inter-specific killing-dominance in gfers is
demonstrated here.

Transitivity of inter-specific killing-dominance

“Transitivity of (inter-specific) killing dominancewvas assigned if species A was dominant over ggeci
B, species B dominant over C, and species A alsamnt over C, thereby forming a closed loop witree
species. In contrast, a triangularity-supportimgr{sitivity-contradicting) outcome in this closexp of three
species would be that C would be dominant over A.

A necessary condition for accepting true trangitiwas a preceding demonstration of statisticatipiicant
unidirectionality characterizing the investigatgesies group as a whole (demonstrated in the pse\dection of
the Results but not demonstrated by Heuts & Broot2.

In order to restrict the high number of closed wtmt can directly be deduced from the data iletalfloops
comprising three or more species), we chose abraralspecies from the series of killed ‘inferigoesies at the
right of each killing-dominant species (table 2yldhen put the killing-dominant species at the beigig of a
possibly closed loop. Thus, for the killing-domihapeciesTheridion tinctume.g. the randomly assigned inferior
species wabBiplostyla concolor It appeared thak. tinctumkilled a largerSteatoda grossthat on its turn, in
another dyad of two newly tested spiders, killddrgerD. concolorthat on its turn killed a largetygiella x-
notata The loop was closed by testifigtinctumagainsZ. x-notataand finding thaf . tinctumkilled a largerZ.
X-notatg i.e. the transitivity hypothesis was supportettiids case. The triangularity hypothesis, on thetiary,
would have been supportedZf x-notatawould have killed a largér. tinctum

A more complex example was found for the highlyikg-dominant specieSheridion blackwalliat the
beginning of a closed loop adnaurobius similigs the randomly chosen killed species in the |lblgre the
killing-dominance sequence wasblackwalli - T. tinctum- S. grossa» Enoplognatha ovata. A. similisand
the loop was closed bl. blackwallikilling a largerA. similis(support for the transitivity hypothesis). However,
there was more than one closed loop here, i.ee there four additional closed loops: {)blackwalli - T.
tinctum — S. grossandT. blackwalliclosing this loop by killing a larges. grossdtransitivity support); (2.
blackwalli —» T. tinctum- S. grossa- E. ovataandT. blackwalliclosing the loop by killing a largét. ovata
(transitivity support); (3). tinctum— S. grossa- E. ovataandT. tinctumclosing the loop by killing a largét.
ovata(transitivity support); (4B5. grossa- E.ovata- A. similisandS. grossalosing the loop by killing a
largerA. similis(transitivity support). The fifth and last theacally possible closed loop in this complex
example of five species & tinctum- S. grossa- E. ovata— A. similiswhile the loop would be closed By
tinctumkilling a largerA. similis(possible support), or the reverse, Aesimiliskilling a largerT. tinctum
(possible contradiction of the transitivity hyposi®). Neither of both outcomes was found in seviersts
betweenT. tinctumandA. similis Hence, there were in total 5 loops supportingtaesitivity hypothesis in the
five species versus none contradicting it. In addito the 6 loops in this example there were &ofrandomly
selected) loops in which transitivity was testedclt of these 8 additional loops supported the thgsis of
transitivity. Hence, there were in total 5 + 8 =sifpports for transitivity versus no contradictioa, a
statistically significant degree of transitivity he species selected from table 2 (p < 0.001twoatailed Sign
test; N =13, x = 0).

The additional eight not yet specified randomlyesttd closed loops supporting transitivity welg:S.
grossa- E. ovata- A. similis - Larinioides sclopetarius> Araneus diadematysvhile S. grossalosed the
loop by killing (a largerA. diadematusThis 5-species-loop included 4 “sub-loops”, {(Xa) the sub-loofs.
grossa— E. ovata- A. similis— L. sclopetariusvhile S. grossalosed the sub-loop by killing a larger
sclopetarius'in two steps”, i.e S. gross&illed a largerAchaearanea tepidariorutiat on its turn, in another
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dyad, killed a largek. sclopetarius(1b) the sub-loo\. tepidariorum— L. sclopetarius- A. diadematusvhile
A. tepidariorumclosed the sub-loop by killing a largar diadematus(1c) the sub-loofs. grossa- E. ovata—
A. similiswhile S. grossalosed the sub-loop by killing a larg&r similis (1d) the sub-loo|s. grossa- E. ovata
— A. similis— L. sclopetariusvhile S. grossalosed the sub-loop by killing a larger sclopetarius(2) = the
out of the eight additional loopB. concolor— Tenuiphantes tenuis Z. x-notatawhile D. concolorclosed the
loop by killing a largeZ. x-notata (3) = the ¥ additional loopGnathonarium dentatum Oedothorax fuscus
— Z.x-notatavhile G. dentatuntlosed the loop by killing a largér. x-notata (4) = the & additional loop:
Walckenaeria alticeps, Gongylidium rufipes- Neriene clathratavhile W. alticepsclosed the loop by killing a
largerN. clathrata.

It is concluded that statistically significant uin@ttionality and transitivity (non-triangularitgf killing-
dominance among 60 spider species (tables 1 ahasXeen demonstrated.

Correlation between inter-specific killing-dominanand predation latency time

There was a statistically significant positive etation between inter-specific killing-dominanaasjtion and
quickness of killing when only the eight speciesevmeonsidered that formed the longest possiblenobfaspecies
connected to each other by killing-dominance betwasjacent species (p < 0.05; table 3). When altiss were
considered instead of only eight, it appeared khig-dominant species killed significantly quiekthan
inferior species (table 42 = 9.00, p< 0.01).

DISCUSSION

Do the significantly unidirectional and transitiveer-specific killing-dominance relationships ambnstrated in
our laboratory (tables 1, 2, and 3) have any relegdor araneophagy in the field in the senseltlgtly killing-
dominant species would outcompete less dominamiesg2We could not demonstrate this for e.g. thalhi
killing-dominantTheridion blackwalliandT. tinctumbecause in the micro-habitat Df blackwalli(rain-protected
horizontal outdoor fences on buildings) the ledignkj dominant species occupying the same micrahali.
hemerobium, T. melanurum, Steatoda bipunctataglbpstarius, Tegenaria atricandDictyna arundinacen
were capable of remainirmesent there during at least four years. In alaimiay, the less killing-dominant
specied. phalangioides, L. sclopetarius, A. similis, Bulctata, Z. x-notataandSalticus scenicuhat
occupied the micro-habitat @t tinctum o the outside of buildings, were not outcompeted bynctum.The
reason might simply be that the species differ sohnrfrom each other in adult body size that omsiy small
proportion of the (in adulthood) larger non-killhggminant species, such lassclopetariudor example, can be
killed by T. blackwalli.However, this small proportion of additional spigeey might have provided sufficient
reproductive benefit td. blackwalliandT. tinctumfor evolving and consolidatindpeir araneophagic
specializations in killing techniques combined wthieir extreme web stickiness. In fact, we hit uporadult
femaleT. tinctumconsuming a slightly larger juvenile sclopetariusn the field.

What makes a spider species highly killing-domir@arér other spider species, i.e. how has it evoitged
killing skills? A plausible cause may be the cafigbof producing very sticky threads by which ottepiders are
immediately immobilized, as suggested in our easiady (Heuts & Brunt 2001). Hence, highly killing
dominant species should, in general, produce nimieyghreads than the less dominant species. @uourse,
behavioural factors could also play a role becalsehreads must be moved towards the victim before
immobilizing it by wrapping as is typical for théghly killing-dominant theridiids and pholcids. Bather highly
or moderately killing-dominant species (like minastiof the genuEro, the clubionidClubiona phragmitisthe
salticid Evarcha falcataand linyphiids of the genu&/alckenaeria kill their prey by quickly biting it while not
losing grip and without any wrapping up the victi@fore biting. In a somewhat similar way some tiefs like
the top-dominant. blackwalliandT. tinctumdeliver a very quick and premature killing bitéesfonly a very
short period of casting threads with extremely lagtmovements and then start to wrap their preljke other
theridiids that first wrap the prey with much slovieg movements before biting it.

The part of the web that was left intact in outdeapparently cannot have played a role becaese th
introduced spider was never caught due to entarggiein this web remnant but always as a resuleoidbitten
or being caught in freshly produced threads. Sthén studies on thread stickiness, speed of thecaating leg
movements and speed of approach when trying to/apkilling bite, might show whether they can patdi
killing-dominance. The prediction might even bedsasn purely anatomical factors because we denatedtr
that the highly killing-dominaniValckenaerigenus has significantly heavier and relatively &rdiorelegs than
a random sample of other, generally less killingad@nt, linyphiid species (Heuts & Brunt, 2005) that study
we, further, demonstrated a significantly highegrde of araneophagy Walckenaerighan in a large group of
other linyphiid species.

Apart from specific physiological factors (web &fitess) and behavioural factors (killing technique)
found that quickness of inter-specific killing,.i@short predation latency time, predicted infeesfic killing-
dominance position (tables 3 and 4). Thus, thekesickilling species were significantly more kitjfominant
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than the slower killing species. It should be gastgst this relationship in the natural situati@mtause inter-
specific predation in the field (araneophagy) hesrbreported very often (references in the Introdog

The importance of our results for a natural sitatian be evaluated by experiments in which spidéls
undamaged webs would be tested interspecificaltiérfield. But such tests are only relevant tacgethat
make elaborate webs, thus excluding e.g. manyghlthomisid, lycosid, and some tetragnathid amgphiid
species. Even within some genera like the typiosliyporate-web-building tetragnathid gefegragnathahere
are several “wandering” species that subdue thely when walking around in the field (Binford 2001)
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SAMENVATTING

In het wild komt inter-specifieke predatie bij spém vaak voor (spinnen van ongelijke soort diealiibden en
opeten, d.i. ‘inter-specifieke araneophagie’).

Wij onderzochten de transitiviteit (zie definitieelonder) van inter-specifieke dominantie(predagefloudingen
tussen 60 spinnensoorten van ongelijke soort diedrelen tot 16 verschillende families en die elldg@ydden en
opaten in het laboratorium bij ontmoetingen tugsd#iens twee individuen van een verschillende sdoter-
specifieke dominantie (dodingsdominantie) van eemtover een andere soort werd alleen toegeketidrirde
dodende spin kleiner was dan de gedode spin (klpimsoma en kortere en dunnere poten van heegeast
poten bij de dodende dan bij de gedode spin, zamdtening te houden met de grootte van het opisthas
(abdomen)). De transitiviteit van de dodingsdomiigamerhoudingen was statistisch significant (zaalsnze
eerdere studie met een veel kleiner aantal sooffm) voorbeeld van transitiviteit van dominantidneeidingen
tussen drie verschillende soorten is dat soort Widant is over soort C indien A dominant is oveerBB
dominant over C (definitie van transitiviteit).

De inter-specifieke dodingsdominantie-verhoudingmmnen niet alleen significant transitief, maar enificant
unidirectioneel zoals in dominantieverhoudingerséumsindividuen van dezelfde soort in een groegk{tpde”
van kippen en vissen in baanbrekende ethologidcidées). Een voorbeeld van een unidirectionele
dodingsdominantie-verhouding tussen twee versciiilesoorten is dat kleinere individuen van sooin Ataat
zijn om grotere individuen van soort B te doderoprie eten, terwijl kleinere individuen van soor@&it in
staat zijn om grotere individuen van soort A teeloén op te eten (definitie van unidirectionaljtditet aantonen
van de statistische significantie van de unidigdiiteit van de inter-specifieke predatie bij sg@n in het wild
of in het laboratorium is ons niet bekend uit derétuur.

Sterk dodingsdominante spin-soorten vertoonderitatoratorium significant kortere dodings(preelgati
latentietijden dan minder dominante spin-soortes sizrke dodingscapaciteit van een soort kon dosspeld
worden uit zijn snel doden (korte dodings-laterjdigt

De kleverigheid van de webdraden, enkele predatirtieken (met of zonder gebruik van webdraderf éeto
inwikkelen van de prooi), en morfologische kenmaerkan de poten worden besproken met het oog op een
mogelijke verklaring voor de sterke dominantie eakele van de onderzochte soorten.
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Table 1. Unidirectionality tests: Species pairsvhiich an identical killing-dominance between th@tspecies was found at
least twice versus species pairs in which the killing-domir@nas not identical in repeated tests. Killing-daanice was
defined as killing and eating a larger specimearaither species (larger with respect to prosomdeansize while
disregarding abdomen size)*.

Identical killing-dominance Non-identical killingethinance

Theridion blackwalli- Zygiella x-notata never found in any of the 22 species-pairs
Theridion tinctum— Tetragnatha montana
Theridion tinctum— Achaearanea tepidariorum
Theridion tinctum- Linyphia hortensis
Theridion tinctum- Zygiella x-notata

Steatoda grossa. Larinioides sclopetarius
Steatoda grossa- Araneus diadematus
Steatoda grossa- Linyphia hortensis

Steatoda grossa- Linyphia triangularis
Steatoda grossa. Neriene montana

Steatoda bipunctata- Diplocephalus cristatus
Clubiona phragmitis» Amaurobius similis
Walckenaeria acuminata Larinioides sclopetarius
Walckenaeria acuminata Zygiella x-notata
Walckenaeria unicornis- Zygiella x-notata
Gnathonarium dentatum. Neriene clathrata
Gnathonarium dentatum. Oedothorax fuscus
Gnathonarium dentatum. Zygiella x-notata
Diplocephalus cristatus. Zygiella x-notata
Diplocephalus concolor. Tenuiphantes tenuis
Gongylidium rufipes- Zygiella x-notata
Troxochrus scabriculus, Zygiella x-notata

Total: 22species pairs versus Gpecies pairs
(x>test, df = 1, p < 0.001)

There are 12 different killingpeciesn the 22 pairs (fronTheridion blackwallito Troxochrus scabriculysEach of
these 12 species killed specimens of another speaipassing them in size in at least two testsowttever being killed in
return by (another individual of) the alien spedtesy had killed (not shown in the table). This destrates a significant
degree of unidirectionality at the species levedidition to the significance obtained with thesp2cies pairs (two-tailed
Sign test, N =12, x = 0; p < 0.001).

* Sex of the species is not specified becausetstitally significant difference in killing capagibetween males
and females (adults and subadults) was never ftexwbpt forSteatoda grossaee Table 3). In the larger species
Achaearanea tepidariorungteatoda gross&teatoda bipunctata, Larinioides sclopetarius, Aras diadematuandZygiella
X-notataalso younger stages of unknown sex were tested.
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Table 2. Complete list of species that in spiterofller body size of the tested specimens killegelaspecimens of other
species*.

KILLING species

Theridion blackwalli

Theridion tinctum

Theridion melanurum
Steatoda grossa

Steatoda grossmales:
Steatodaipunctata

Enoplognatha ovata
Achaearanea tepidariorum

Pholcus phalangioides
Erosp.

Amaurobius similis
Larinioides sclopetarius:
Larinioides cornutus
Pachygnatha clercki
Scotophaeus blackwalli
Clubiona phragmitis
Clubiona corticalis
Textrix denticulata
Xysticus cristatus
Evarcha falcata
Diplostyla concolor
Gnathonarium dentatum

Diplocephalus cristatus
Oedothorax fuscus
Troxochrus scabriculus
Gongylidium rufipes
Erigone atra

Erigone dentipalpis
Bathyphantes approximatus
Tenuiphantes tenuis
Walckenaeria acuminata
Walckenaeria unicornis
Walckenaeria alticeps

KILLED species

Theridion tinctum, Steatoda grossa, Achaearanealéerum, Enoplognatha ovata,
Amaurobius similis, Theridion hemerobipfheridion melanuruniZygiella x-notata,
Dictyna arundinacea
Steatoda grossa, E&p.,Enoplognatha ovata, Pholcus phalangioides, Achaeeaa
tepidariorum, Tetragnatha montana, Theridion melamo, Theridion sisyphium,
Theridion varians, Achaearanea lunata, Zygiellaotaia, Centromerita bicolor,
Linyphia hortensis, Pachygnatha clercki, Clubism
Steatoda grossmales
Ero tuberculata, Enoplognatha ovata, Achaeararegadariorum, Tetragnatha
montana Amaurobius similis, Larinioides sclopetarius, Tegea atrica, Pachygnatha
degeeri, Segestria bavarica, Araneus diadematysioBlyla concolor, Linyphia
hortensis, Linyphia triangularis, Neriene montaMgta segmentata, Pisaura
mirabilis, Theridion melanurum
Amaurobius similis, Tegenaria atrica, Tetragnathantana
Tetragnatha montana, Larinioides sclopetarius, &rig dentipalpis, Diplocephalus
cristatus, Dictyna arundinacea
Amaurobius similis, Tegenaria atrica, Theridicarians
Steatoda grossmales Larinioides sclopetarius, Araneus diadematus, Tdien
melanurumTetragnatha nigrita, Meioneta rurestris, Entelecaeuminata, Neriene
montana, Pisaura mirabilis
Tetragnatha montana, Theridion melanurum
Enoplognatha ovata
Larinioides sclopetarius, Segestria senoculata

Araneus diadematus
Araneus diadematus
Neriene montanaisaura mirabilis
Tegenaria atrica
Amaurobius similisTegenaria atrica, Neriene montana
Pisaura mirabilis
Pirata piraticus
Trochosa terricola
Marpissa muscosa
Tenuiphantes tenuis, Zygiella x-notata, Bathypésugracilis,
Neriene clathrata, Oedothorax fuscus, Zygiellaotata, Erigone dentipalpis,
Tenuiphantes zimmermanni
Zygiella x-notata
Zygiella x-notata
Zygiella x-notata
Zygiella x-notata, Neriene. clathrata
Zygiella x-notata
Tenuiphantes zimmermanni
Zygiella x-notata
Zygiella x-notata
Larinioides sclopetarius, Zygiella x-notata, Araisediadematus, Neriene clathrata
Zygiella x-notata, Centromerita bicolor
Neriene clathrata, Gnathonarium dentatum, Gordiytn rufipes

* In S. grossalata from recognizable males were separated frber gpecimens because they differed in killing-
dominance capacity as it appeared thattepidariorunfemales were killing-dominant ov&. grossanales,
whereasAc. tepidariorunfemales were killed by small&. grossdemales. In all the other species the data of all
age and sex classes were combined.

e The genugro was not determined at species level and comprisedgecieg&. cambridgei, E. furcatandE.

tuberculata.
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Table 3. Significant positive correlation betwediirg superiority (degree of inter-specific-killijadominance) and killing
time (quickness of inter-specific predation) offider species. Killing superiority of a particulgecies is calculated as a
ratio, i.e. the number of species by which it willed divided by the number of species it killedllilg superiority
(dominance) was only assigned to a species ifléklarger spiders of another species (largergras longer and thicker
legs while disregarding the abdomen)*.

Number of superior Median killing time Number ofadls
and number of inferior in hours (rank in on whtble
species given as a parentheses and median killing
ratio (killing- based on the inverse times were
dominance rank in of the median killing based
parentheses) time)

Theridion. blackwalli 0/9 (1) 0.95 (2) 28

Theridion tinctum 1/15 (2) 0.38 (1) 54

Steatoda grossa 2/17 (3) 1.80 (3) 88

Achaearanea tepidariorum 3/9 (4) 36.00 (7) 45

Steatoda grossmales 2/3 (5) 7.50 (4) 9

Amaurobius similis 2/2 (6) 84.00 (8) 17

Larinioides sclopetarius 3/1(7) 12.63 (6) 26

Araneus diadematus 4/0 (8) 10.44 (5) 8

Spearman correlation coefficient)(between killing-dominance rank en the inversthefpredation-time rank is + 0.6904762
(rounded to + 0.69 gives p < 0.05 at a two-tailgdificance level): species with high dominanceksakill significantly
quicker than species with low dominance ranks

* The spider species were selected from Table Aumethey formed the longest possible chain ofispeonnected to each
other showing unidirectional killing dominance beem adjacent species in the ch&teatoda grossmales (with swollen
pedipalps, adults or subadults) were listed apdiate species class” because they showed clessikilling capacity than
otherSteatoda grossiemales and young stages of unknown sex) e.@useéchaearanea tepidarioruwas capable of
killing larger Steatoda grossmales, whereas it was killed itself by smaféeatoda grosstemales.

The median killing (predation) time of a particutgorecies was calculated on its latency times wiiléngkvarious other
spider species of various age and sex classes
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Table 4 Difference between the median predation latence {im hours) shown by killing-dominant species #relmedian
predation time shown by inferior species, wheryimgeupon all sorts of spiders (genus abbreviatem table 1). “Killing-
dominant” species were those that had killed attleace a larger-sized specimen of each of theianfepecies listed to its
right side. The times were mediated separatelgdoh killing-dominant species and each killed ¢iof@ species (numbers in
parentheses) irrespective of age and sex*.

KILLING-DOMINANT species LARGER-SIZED INFERIOR species

Theridion blackwalli 0.95 (28) Theridion tinctum 0.38 (55) -
Steatoda grossa 1.80 (97) +
Enoplognatha ovata 17.17 (61) +
Achaearanea tepidariorum 96.00 (45) +
Amaurobius similis 84.00 (17) +
Theridion hemerobium 57.75 (4) +
Theridion melanurum 8.25 (20) +
Zygiella x-notata 60.00 (3) +
Theridion tinctum 0.38 (54) Steatoda grossa 1.80 (97) +
Achaearanea tepidariorum 96.00 (45) +
Enoplognatha ovata 17.17 (61) +
Ero sp. >8.85/<11.00 (10) +
Pholcus phalangioides 0.17 (72) -
Tetragnatha montana 7.75 (14) +
Theridion melanurum 8.25 (20) +
Theridion varians 44.25 (5) +
Zygiella x-notata 60.00 (3) +
Centromerita bicolor 20.25 (5) +
Linyphia hortensis 252.00 (10) +
Pa. clercki 96.50 (16) +
Clubionasp. 252.00 (10) +
Steatoda grossa 1.80 (97) Ero tuberculata >5.00/<12.00 (3) +
Enoplognatha ovata 17.17 (61) +
Achaearanea tepidariorum 96.00 (45) +
Amaurobius similis 84.00 (17) +
Larinioides sclopetarius 12.63 (26) +
Araneus diadematus 10.44 (8) +
Tegenaria atrica 32.95 (60) +
Diplostyla concolor 64.50 (16) +
Linyphia hortensis 252.00 (10) +
Linyphia triangularis 63.25 (10) +
Neriene montana 17.80 (20) +
Theridion melanurum 8.25 (20) +
Pachygnatha degeeri 0.98 (5) -
Meta segmentata 2.42 (10) +
Pisaura mirabilis 7.35 (7) +
Segestria bavarica 12.00 (5) +
Tetragnatha montana .75 (14) +
Ero sp. >8.85/<11.00 (10) Enoplognatha ovata 17.17 (61) +
Achaearanea tepidariorum  36.00 (45) Steatodagrossaales 7.50 (9) -
Theridion melanurum 8.25 (20) -
Meioneta rurestris 45.00 (5) +
Entelecara acuminata 7.25 (3) -
Enoplognatha ovata 7.75 (14) Amaurobius similis 84.00 (17) +
Tegenaria atrica 32.95 (60) +
Theridion varians 44.25 (5) +
Pholcus phalangioides 0.17 (72) Tetragnatha montana 7.75 (17) +
Theridion melanurum 8.25 (20) +
Steatoda grossanales 7.50 (9) Amaurobius similis 84.00 (17) +
Tetragnatha montana 7.75 (14) +
Tegenaria atrica 32.95 (60) +
Amaurobius similis 84.00 (17) Larinioides sclopetarius 12.63 (26) -
Segestria senoculata 109.50 (2) +
Theridion melanurum 8.25 (20) Steatoda grossmales 7.50 (9) -
Steatoda bipunctata 24.52 (21) Tetragnatha montana 7.75 (14) -
Larinioides sclopetarius 12.62 (26) -
Erigone dentipalpis 108.00 (5)
Diplocephalus cristatus 1.18 (10) -
Larinioides cornutus 102.50 (10) Larinioides sclopetarius 12.62 (26) -
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Pachygnatha clercki 96.50 (16) Neriene montana 17.80 (20) -
Pisaura mirabilis 7.35 (7) -
Scotophaeus blackwalli 4.00 (9) Tegenaria atrica 32.95 (60) +
Clubiona phragmitis 5.87 (27) Amaurobius similis 84.00 (17) +
Neriene montana 17.80 (20) +

Clubiona corticalis 485.85 (4) Pisaura mirabilis 7.35 (7) -
Textrix denticulata 106.95 (9) Pirata piraticus 2.77 (3) -
Xysticus cristatus 31.37 (12) Trochosa terricola 0.67 (5) -
Evarcha falcata 0.12 (18) Marpissa muscosa 7.50 (11) +
Diplocephalus cristatus 1.38 (11) Zygiella x-notata 60.00 (3) +
Diplostyla concolor 45.00 (17) Zygiella x-notata 60.00 (3) +
Gnathonarium dentatum 4.07 (6) Zygiella x-notata 60.00 (3) +
31.50 (1) Erigone dentipalpis 108.00 (5) +

Oedothorax fuscus 4.99 (6) Zygiella x-notata 60.00 (3) +
Gongylidium rufipes 26.12 (20) Zygiella x-notata 60.00 (3) +

Erigone atra 102.63(6) Zygiella x-notata 60.00 (3) -
Bathyphantes approximatus 7.87 (5) Zygiella x-notata 60.00 (3) +
Troxochrus scabriculus 13.50 (7) Zygiella x-notata 60.00 (3) +
Tenuiphantes tenuis 9.67 (9) Zygiella x-notata 60.00 (3) +
Walckenaeria acuminata 5.75 (20) Larinioides sclopetarius 12.63 (26) +
Zygiella x-notata 60.00 (3) +

Araneus diadematus 10.44 (8) +

Walckenaeria unicornis 72.00 (11) Zygiella x-notata 60.00 (3) -

72.00 (11) Centromerita bicolor 20.25 (5) -

* Some inferior species are not included becausg tiever killed a spider. Recently tested specigghich e.gW. alticeps
killed other spiders were not included in this tafdee Table 2). Genera abbreviations as spedifiedble 2*.

Plus-signs indicate a shorter median predation sihwevn by a killing-dominant than by an inferioesjes and minus-signs
indicate a longer median time shown by a killingrileant species. There are 20 plus signs versusriiismigns if each
killing species provides only one (mediated) sigjfference between 20 and 10 marginally signifiggAt= 3.33; 0.05 < p <
0.10). When counting all plus and minus signs @bgrgiving more weight to some than to other sgdtee plus-minus-
contrast is 44 versus 20 and highly significagt£ 9.00; p< 0.01), i.e. killing-dominant species killed sificantly quicker
than inferior species.

UXURURURUR
KOMENDE CONGRESSEN

Dit jaar werd het congres van de Society of European Arachnology (SEA) in Bern gehouden. Of was
het een colloquium? Daar was enige discussie over. De voorkeur gaat bij de meesten toch uit naar de
term congres. Dat waren het vroeger ook, later werden het opeens colloquia. Nu weer congres is er
democratisch besloten. Een modeverschijnsel? Het maakte natuurlijk helemaal niets uit, de opzet is
dezelfde: het samenkomen om anderen te vertellen over resultaten van onderzoek, daarover te
discussiéren, collega’s te ontmoeten. Dat laatste is zeker een heel belangrijk onderdeel. Het congres in
Bern kan zeker geslaagd worden genoemd en dat was niet in de laatste plaats te danken aan de
perfecte organisatie. Ik heb nooit en congres meegemaakt waar zo weinig wijzigingen in het
programma voorkwamen, wat natuurlijk niet alleen aan de organisatie is te danken, maar ook aan de
deelnemers die allen waren komen opdagen.

Inmiddels kunnen er twee nieuwe congressen worden aangekondigd.

Van 16-21 augustus 2009 zal het 25° congres van ESA plaatsvinden in Alexandroupolis in het
noordoosten van Griekenland met Maria Chatzaki als voorzitter van het organisatie comité. Het lijkt mij
een goede keuze om het niet in Athene te doen, waar het in die tijd van het jaar heet en stoffig is en vol
smog. Nadere gegevens: http://www.european-arachnology.org/society/news.shtml

Voor 2010 staat een congres van de International Society of Arachnology op het programma. Het zal
worden gehouden in Siedlce in Polen. We hadden daar al eerder een Europees congres, in (1996).
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