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Abstract

The life cycle of the araneophagic, web-building, and therefore
unusual salticid Portia (Spartaeinae) was investigated through laboratory studies of three species: P. fimbriata (Queensland, Australia),
P. labiata (Sri Lanka), and P. schultzi (Kenya).
The sequence and nature of morphological changes associated with the
three stages of early post-embryonic development (prelarva 1, prelarva 2
and larva) were similar between the species. Several traits characteristic of active instars of typical salticids appeared in the larval stage
of Portia, most notably prey consumption and silk spinning.
Virtually the complete repertoire of the species-specific behaviours
of Portia was present in first instars, including web-building, webinvasion, silk vibratory behaviours, and cryptic stalking. Leaf-raising
behaviour appeared in instars 3-4, and in males disappeared, as did webbuilding. Five new grooming behaviours were described in Portia: palp
chew; palp swipe; palp brush; leg chew; leg brush. The routes by which
these and other behaviours may have become ritualised into silk vibratory
and cryptic stalking behaviours were considered.
Portia moulted every 2-3 weeks, maturing in instars 5-10 (varying

between species, sexes, and individuals). The period of peak mortality
varied between species but c. 24% of first instars of each species
reached maturity. Adult female Portia lived two to three times longer
than males (i.e., males had mean longevities of 61-172 days). The growth
rates of Portia fluctuated during development (means: 0.24 lengthwise;
0.19 widthwise), but always decreased in the final moult to maturity.
Batch and egg sizes of Portia species varied with volumetric
measures of female size (e.g., cubed body length, abdomen volume) and
latitude of origin.
Of the developmental traits of Portia, four were unusual for a

salticid: precocial appearance of certain traits in the larval stage of
post-embryonic development of Portia; moulting in a large threedimensional web rather than inside an enclosing silk nest; lengthwise
growth rates comparable to those of web-builders of other families; and
fluctuating rather than progressively increasing instar durations. None
of these aberrant traits of the life cycle seem to clarify our understanding of Portia's position in salticid evolution. However, no traits
of Portia's life cycle, typical or atypical, could not be explained by
the Jackson and Blest hypothesis of salticid evolution.
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CHAPTER 1: INTRODUCTION

THE SALTICIDAE
The Salticidae is a highly successful family of spiders, with
species found in most terrestrial habitats (Proszynski 1971). Species
range from 2 to 20 mm in body length and most have stout legs and
squarish carapaces, although exceptions are not uncommon (e.g., the
slender species of the Lyssomaninae, see Galiano 1976; Wanless 1980).
Salticids are diurnal spiders and, because they can leap several times
their body length, are referred to as "jumping spiders". The highly
complex structure of the principal and secondary eyes confers great
powers of visual acuity and movement detection (Land 1969a,b,1985).
Salticids typically rely on their visual capabilities when
performing their elaborate displays used for intraspecific communication
(Crane 1949) and when locating and capturing prey--usually mobile
insects. The salticids and numerous other spiders from other families are
generally referred to as "cursorial spiders",· to distinguish them from
the other major behavioural group of spiders, the "web-builders", which
construct voluminous silk structures that aid in prey capture. Among
cursorial spiders, silk use is typically restricted to laying draglines
and constructing egg cases, sperm webs, and tubular retreats ("nests").

PORTIA, AN ABERRANT SALTICID
Species of the genus Portia (subfamily: Spartaeinae) are
distinctly different from typical salticids both morphologically and
behaviourally.
Unlike most male salticids, male Portia have highly complex,
rather than simple, pa1ps (Wanless 1978). The pa1ps of·ferna1e Portia
are also unusual in that each one is equipped with a claw (P. Wanless
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pers. corom.). The respiratory tracheae of Portia are unbranched in the
cephalothorax (Wanless 1978), which contrasts with the branched condition
typical of most salticids examined (Esteban 1976).
Detailed investigations of the ultrastructure of salticid eyes have
shown that the organisation of the retinae of the principal eyes of
Portia is optically suboptimal when compared to typical salticids
(Blest and Sigmund 1984). Similarly, the organisation of the receptors of
the secondary eyes of Portia is optically less efficient (Blest 1983).
The posterior medial eyes (flPME") of Portia are large and
functional (Wanless 1984a), but these eyes are degenerate in most
salticids. Although most salticids have one or no teeth on the base of
the chelicerae (and so placed in the "Unidentati" by Simon (1901),
Portia is a "plurident" genus, with each chelicera being equipped with
several teeth (Wanless 1978).
The most obvious behavioural difference between Portia and other
typical salticids is that Portia build 3-dimensiona1 webs

\'\
m~

times

~~"

larger than themselves (Type 2 webs: Jackson and Blest 1982). Even the
smaller, horizontal silk platform (Type 1 webs) that Portia suspend in
their larger Type 2 webs are quite unlike the enclosing nests of most
salticids.
The prey and predatory behaviours of Portia are also unusual for a
salticid. Most salticids eat insects, but the bulk of Portia's diet is
made up of web-building spiders from other . families, with spider eggs and
insects (both free and entrapped in another spider's web) making up
another significant part of the diet. Although the prey of typical sa1ticids are captured by a chase-stalk-leap sequence (Forster 1977a), the
prey of Portia are captured by diverse and unusual means. Portia
captures web-builders by actually invading their webs and performing
specialised movements (vibratory behaviours) on the silk to lure the
web-builder into attack range (aggressive rnirrdcry). While on an alien
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web, Portia may use other specialised behaviours to seize and open a
spider's egg case and feed on the eggs (oophagy). Also, Portia opportunistically feeds on insects entrapped in another spider's web (kleptoparasitism). This highly pronounced predatory versatility is unusual for
a salticid (or any spider) and most extreme in a population of P.
fimbriata in Queensland, Australia. Queensland Portia also regularly
capture other sa1ticids by performing a special predatory behaviour
(cryptic stalking: Jackson and Hallas 1986a) which conceals the
Portia's presence from the other (highly visual) sa1ticid until it is
too late.

CENTRAL QUESTIONS
The two central questions of this thesis are: (1) What is the life
cycle of Portia, this anomalous genus of sa1ticids?, and (2) Is the
life cycle of Portia, like its morphology and behaviour, also aberrant?
(In fact, the answer to the latter question turns out to be yes; some
aspects of Portia's life cycle are aberrant.) Three species of Portia
were investigated: P. fimbriata (from Queensland); P. labiata (Sri
Lanka), and P. schultzi (Kenya). The range of life cycle characteristics that are examined in this study include: the post-embryonic development in the egg case; the life history in the laboratory; the development of web-building and predatory behaviours (the evolution of the latler
are also discussed); and oviposition biology in the laboratory.

PHYLOGENETIC STATUS OF PORTIA'S PECULIARITIES
There is an additional interest in Portia, besides its atypical
traits. The genus belongs to the Spartaeinae, a subfamily that is
considered to be primitive (Wanless 1984a). It is therefore worthwhile to
ask of each of the aberrant traits of Portia whether it is p1esio-
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morphic or derived.
It seems likely that the simple palps of most salticids resulted
from a secondary simplification of a more complex ancestral condition
through neotony (Lehtinen 1967; Kraus 1984). The high degree of palp
complexity in Portia and other spartaeines (Wanless 1984a) and in two
other primitive groups, the Lyssomaninae (Galiano 1976; Wanless 1980) and
a group represented by Cocalodes and Holcolaetis (Wanless 1982), has
been attributed to conservation of the ancestral structure in these
groups. Although palp complexity could have arisen independently in each
of the primitive groups, it seems more likely that complex palps are
plesiomorphic.
Similarly, the unbranched respiratory tracheae of Portia could be
. either a plesiomorphic or apomorphic trait. However, the unbranched
condition occurs only in primitive salticids, i.e., other spartaeines
(Wanless 1984a) and in species of the Lyssomaninae (Galiano 1976); and
the branched condition seems to be restricted to 'the advanced species of
the Salticidae (see Esteban 1976). Because of these findings, the working
hypothesis that unbranched tracheae are probably plesiomorphic seems to
be justified.
The palpal claws of female Portia (F. Wanless pers. carom.) are
most probably plesiomorphic. It is more likely for such a trait to be
lost during salticid evolution that to be re-acquired (Dollo's Law).
The design of the principal eye

retin~e

of Portia, some other

spartaeines, and certain species of the Lyssomaninae is optically
suboptimal (Land 1969,1985; Blest and Sigmund 1984; Blest 1985; A. D.
Blest pers. corom.). These findings are consistent with a hypothesis that
was proposed by Jackson and Blest (1982) and supported by behavioural
studies by Jackson and Hallas (1986a,b): improvement of acute vision
seems to have evolved secondarily in salticids in conjunction with a
cursorial life-style.

n
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Recent studies of the embryology of the retinae of an advanced
salticid are also informative (Blest in press; Blest and Carter in
press), The stages of the early development of the principal eyes of
Plexippus validus are similar to the corresponding eyes of adults of

less advanced families of spiders. This is important additional evidence
that the suboptimal organisation of the principal eyes of spartaeines and
lyssomanines is plesiomorphic, and consequently provides encouragement to
explore the possibility that other unusual traits of Portia are also
primitive.
The secondary eye retinae of spartaeines and lyssomanines, including
Portia, are also interesting because they are more simply and less

efficiently organised than are the secondary eyes of most other salticids
(Blest 1983; Land 1985). This simpler organisation of the spartaeine and
lyssomanine secondary eye retinae is most readily interpreted as
primitive.
Large functional PME's are unique to Portia, certain other
Spartaeinae, certain Lyssomaninae, and a group of other primitive
salticids (Allococalodes, Cocalodes, Holcolaetis, Sonoita)(see Galiano
1976; Wanless 1980,1982,1984a). In all other sa1ticids the PME's are
small and can not function in movement detection. Although it could be
argued that a functional PME is a derived trait, it is far more likely
that, as proposed by Wanless, functional PME's of primitive salticids
have degenerated to the rudimentary organs\of most sa1ticids. That is, as
argued for the female palp claw, a loss is more likely than a reacquisition of a complex structure (Dollo's Law).
The plurident che1iceral dentition of Portia allies it with other
sa1ticids which have numerous small teeth on the inner margin of the
chelicerae (Simon 1901). Fissidents have fewer teeth, and unident
salticids have one or none. Although it is possible that salticids could
have acquired progressively more cheliceral teeth during evolution, the
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reverse, a reduction, seems more parsimonious and is favoured by taxonomists (e.g., Wanless 1984a). Furthermore, that large functional PME's
have only been found in pluridents implies that the plurident and fissident conditions are primitive compared to the unident.
Portia spins voluminous webs from hatching to maturity, a behav-

ioural trait shared among the salticids only by some other species
considered to be primitive on morphological grounds. Asemonea tenuipes
and Lyssomanes viridis (Lyssomaninae) spin rudimentary sheet webs
across the undersides of leaves and opportunistically use then in preycapture (Hallas and Jackson 1986a,b). Similar silk structures are spun by
a species of Spartaeus (Spartaeinae) (R.R. Jackson pers. corom.).
Simaetha sp. (Simaethinae) spins a large space web alone or combined

with a nest, or a nest alone (Hallas and Jackson 1986b; Jackson 1986a). A
large 3-dimensional web is spun by juvenile Euryattus sp. (Cytaeinae)
and occasionally as an oviposition site by adult females (Hallas and
Jackson 1986b; Jackson 1986b).
What is the phylogenetic status of web-building in salticids? Its
occurrence, in conjunction with primitive morphological traits, in
Portia led Jackson and Blest (1982) to propose a hypothesis (briefly

mentioned earlier) of salticid evolution from web-building ancestors.
Certainly it seemes important that web-building has been reported only in
salticids with other primitive traits (see above). Furthermore, that
web-building occurs primarily in Euryattus .juveniles and only rarely in
adults (Jackson 1986b) is the ontogenetic sequence we would expect if
web-building is primitive (see Gould 1982).
It is not inconceivable that Portia, Asemonea, Lyssomanes,
Simeatha, and Euryattus independently acquired web-building from

cursorial ancestors. The advantages of occassiona11y capturing insect
prey and, in the case of Portia, neighbouring spiders would have led to
the evolution of web-building in these salticids. However, the lack of a
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common "denominator" among the habitats of these primitive salticids, in
conjunction with the fact that no typical advanced salticids build webs,
make the derived status of web-building less likely.
Web-invasion followed by the specialised behaviours of aggressive
mimicry, oophagy, and/or kleptoparasitism of Portia have been reported
for only two other (primitive) salticid genera: Brettus and Cyrba
(Spartaeinae) (Jackson and Hallas 1986b). According to the hypothesis of
Jackson and Blest (1982), web-invasion and the behaviours used in
predation on web-spiders, their eggs, and their prey are primitive traits
that have been lost as salticids evolved a cursorial life-style and more
acute vision. Since Portia, but not Brettus and Cyrba, spins webs,
Jackson and Hallas (1986b) proposed that these latter species represented
grades in the evolution of cursorial salticids from greater to lesser
dependence on silk in predation. As yet, there has been little evidence
to challenge the plesiomorphic status of web-invasion, aggressive
mimicry, oophagy, and kleptoparasitism.
Cryptic stalking of salticid prey is performed only by Portia
fimbriata from Queensland: no other Portia or salticid performs
cryptic stalking of salticids. This, in conjunction with the fact that
Queensland is uniquely salticid rich, led Jackson and Blest (1982) to
propose that cryptic stalking is an apomorphic rather than plesiomorphic
trait. It seems very likely that this behaviour has indeed been recently
acquired since its evolution would have necessarily followed the
evolution of salticids (as prey).

In summary, the majority of the aberrant traits of Portia are most
likely plesiomorphic: complex male palp; female palp claws; unbranched
respiratory tracheaej suboptimal structure of principal and secondary
eyes; functional PME'sj p1urident chelicerae; web-building; web-invsionj
aggressive mimicry; oophagyj kleptoparasitism. Only cryptic stalking of
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salticid prey is probably a derived trait. Given this background, it was
decided that a third question should be addressed in this thesis: are the
aberrant developmental traits of Portia plesiomorphic or apomorphic?

PLAN OF THE THESIS
I will now briefly preview the specific areas of the development of
Portia to be considered in the subsequent chapters of this thesis.
Except for the final discussion chapter, each chapter is written as a
manuscript in preparation for publication. Since the chapters are
structured to stand on their own, some repetition was inevitable.
Chapter 2 deals with the events following embryonic development,
including hatching out of the egg membranes ("hatching events") and the
early moults in the egg case. Detailed observations were made on the
post-embryonic development of three species of Portia and one other
spartaeine, Cyrba algerina. Five other salticid species were also
studied to provide a basis for comparison. Differences in the morphological changes of post-embryonic development, as well as their sequence
and timing, provided clues for the evaluation of ideas about sa1ticid
evolution.
Chapter 3 deals with the life history traits of three species of
Portia in the laboratory. It has been proposed that basic life history
traits such as age-specific mortality, survivorship, the number of
instars to maturity, and growth depend on latitude of origin, adult size,
and life-style in spiders (Enders 1976a) and other animal groups (Stearns
1976,1980; Berven and Gill 1983). I investigated the life history traits
of Portia to see whether there were relationships with these factors,
by comparing the life history traits of Portia with those of other
salticids and web-building spiders of other families.
In Chapter 4, I present the results of an investigation of the
abili ty of Portia to channel resources into oviposition. Since inter-
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specific trends in oviposition biology have been attributed to
differences in latitude, species-specific size, and life-style (Enders
1976b; Berven and Gill 1983), batch size, egg size, size of females'
abdomens, and frequency of oviposition were examined to see whether these
oviposition traits in Portia were affected by the genus' large body
size and less active life-style. A wide range of salticids (22 species)
were examined to provide a basis for comparison.
Chapter 5 deals with the development of several of the behaviours
peculiar to Portia. Since changes in behaviour and behavioural
repertoires during a species' ontogeny might be useful in elucidating its
phylogeny, web-building and predation on web spiders and salticids was
examined in juvenile Portia. In addition, the influence of prior
experience on the elements of predatory behaviour was investigated in
naive Portia.
Chapter 6 presents hypothetical routes for the evolution, by
ritualisation, of vibratory behaviours used in aggressive mimicry by the
various species of Portia when they invade the webs of web-building
spiders. Also, I prnpose a route for the evolution of the 'cryptic
stalking' behaviours uniquely used by P. fimbriata from Queensland to
capture salticid prey. Five grooming behaviours of Portia are described
for the first time, some of which are proposed as antecedents of the
behaviours used by Portia in aggressive mimicry.
The last chapter draws together the conclusions of the preceding
chapters in a discussion of Portia and the atypical aspects of its life
cycle.

12
CHAPTER 2: HATCHING AND EARLY POST-EMBRYONIC DEVELOPMENT IN THE
SALTICIDAE (ARANEAE)

INTRODUCTION
Salticids are unique among spiders because of their complex eyes and
high visual acuity (Land 1969a,b,1985; Blest and Sigmund 1984). They use
their well-developed vision to detect mobile insects, which they
typically capture by cursorial pursuit and a final pounce (Forster
1977a). As cursorial spiders, salticids use silk primarily for laying
draglines and for the construction of tubular retreats ("nests") usually
only marginally larger than themselves (Hallas and Jackson 1986b),
Recently the subfamily Spartaeinae was erected (Wanless 1984a),
consisting of genera with several unusual and purportedly primitive
morphological traits (Wanless 1978,1981,1984b). Behavioural studies on c.
10 species of this subfamily have revealed some anomalous behaviours:
web-building; predatory versatility; araneophagy; aggressive mimicry;
oophagy; and kleptoparasitism; and specialised "cryptic stalking"
(Jackson 1982; Jackson and Blest 1982; Murphy and Murphy 1983; Forster
and Murphy 1986; Jackson and Hallas 1986a,b). Spartaeine hatching
("eclosion") and early post-embryonic development have never been
studied. The goal of this paper is to investigate whether spartaeines
differ from other salticids not only morphologically and behaviourally,
but also in their hatching and early development (and if so, how). To
this end, the events surrounding hatching and the changes occurring
during early post-embryonic development were observed in four spartaeine
species known to be atypical salticids behaviourally and morphologically.
For comparative purposes, early post-embryonic development was also
observed in five non-spartaeine salticid species. In addition, because
clues to the phylogeny of a group of species may be revealed in the
ontogeny of some of its members (Fink 1982; Gould 1982; McNamara
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1982), hatching and post-embryonic development of the spartaeines is
considered in light of the potential phylogenetic significance of the
subfamily.

METHODS
Eggs were obtained from four spartaeine species (Cyrba algerina,
Portia fimbriata, P. labiata, P. schultzi) and five non-spartaeine
species (Euophrys parvula, Holoplatys sp., Lyssomanes viridis,
Plexippus paykulli, Trite auricoma). Additional information about each
species is given in Appendix I. Upon oviposition, each egg case was
removed from its substrate in the female's cage (see Chapter 3 for
feeding procedures and cage design). Subsequent dissection of the egg
case exposed the eggs; and the entire egg-sac complex, including eggs,
was transferred to an incubator. The incubator consisted of a small glass
dish which sat open in a film of water in the bottom of a covered petri
dish (c. 90 rom in diameter). For some species, rather than a small glass
dish, plastic dishes with small wells (2 rom across) in the bottoms
contained the eggs within the incubator. The incubator design ensured a
o

constant high humidity. Temp€rature and light regimes were c. 25

C and

12 h light (beginning at 0800 h).
Manipulation of eggs and egg cases was minimised, since Assi (1982)
found that frequently disturbed eggs did not follow normal development.
If condensation and fungus growth were detected, the petri dish cover was
left ajar to increase ventilation. If mites were detected among the eggs,
they were removed since they fed on both eggs and dead post-embryos, and
possibly living tissue (see Grim and Cross 1980).
Spiders are referred to by their generlcnames only, except in cases
where confusion may arise. The day on which oviposition occurred was
designated as day O. Each egg case was examined 1-4 times daily, llsing a
binocular microscope (6-50X magnification). A Cambridge Mach 2 Stereoscan
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SEM was used to examine Portia labiata at various stages of postembryonic development. Two non-spartaeines (Plexippus, Trite) were
similarly examined. Specimens were first killed in 70% alcohol, then
dehydrated to 100% ethanol. They were then transferred to amyl acetate in
an amyl acetate-ethanol series and dried in a liquid CO

critical point
2

dryer. Photographic copper or silver emulsions were used to mount
specimens onfo SEM stubs, then specimens were coated with 7 nm of gold.

TERMINOLOGY
Following the embryonic period within the egg (Yoshikura 1975), the
two egg membranes (the inner vitelline membrane and outer chorion)
rupture, freeing a 'post-embryo'. Although some authors have used
nomenclatural systems which do not distinguish post-embryonic instars
from active instars (Galiano 1971; Austin and Anderson 1978), and there
are systems that consider only temporally discrete stages (Holm 1940j
Peck and Whitcomb 1970), this study follows the convention of treating
each morphologically discrete post-embryonic stage as unique and distinct
from active instars.
Several systems of nomenclature have been employed for postembryonic stages using the terms 'deutovum' (Eason and Whitcomb 1965;
Whitcomb et al 1966j Schick 1972), 'quiescent nymph' (Ewing 1918;
Valerio 1974), 'pullus' (Neet 1985), and 'A to D' stages (Holm 1940;
Galiano 1969,1971,1973; Schick 1972; Canard 1979), The system adopted in
this paper is that of Vachon (1957): spider post-embryonic development is
divided into 'prelarva 1', 'prelarva 2', and 'larva' stages. Membranes
and exuvia are accurately accounted for, and the names of the stages
clearl~

reflect the relative morphological complexity of each (see Vachon

1958,1965; Vachon and Hubert 1971; Assi 1982; Peaslee and Peck 1983;
Emerit 198 1.).
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RESULTS
For the most part, hatching events and the rate and changes of
post-embryonic development were similar for spartaeine and nonspartaeine salticids (Table 1,2). Specific deviations will be pointed out
as the "basic" pattern is described.

ECLOSION
The first changes discernible in the eggs occurred 1-2 weeks after
oviposition, when the spheroid egg became ovoid. Shortly afterward, the
shape of the embryo imprinted on the egg (Fig. 1), with the narrow spaces
between adjacent appendages taking on a powdery white appearance which
Holm (1940) and Galiano (1971) attribute to the infiltration of air into
the egg. A dark, pointed egg tooth was clearly visible on the base of
each palp in most species. However, the egg teeth of Euophrys,
Holoplatys, and Trite were pale yellow and difficult to see.

Many individuals of Lyssomanes remained at this pre-hatching stage
for a long period (Table 1) and, during this time, developed primordial
retinae (i.e., pigmented regions on the anterior cephalothorax). These
retinae were not seen in any other species.
For all salticids, as hatching approached, the embryos lengthened,
causing stress wrinkles in the egg membranes near the pedicel and the
tips of the appendages.
Hatching began with the rupture of the egg membranes near an egg
tooth. Initially, which membranes were being shed during hatching was
difficult to detennine because the thin inner vitelline membrane often
adhered to the chorion (see Holm 1940). However, SEM examination revealed
that only two membranes, the chorion (discernible by surface spheres) and
vitelline membrane, were shed simultaneously during hatching.
The egg membranes split along the base of the cephalothorax and then
slid posteriorly, exposing the chelicerae, the bases of the palps and the
egg teeth, the hases of the locomotory appendages, and the cephalothorax

Table 1 :

Medians and ranges (days) for time from oviposition (=day 0) to the various events of salticid post-embryonic
development. ,Durations are the differences between the preceding and proceeding events. Species ranked in decreasing
order of median time to first instar. N=number of batches observed.
Appearance of
air spaces

Onset of
hatching

Duration of
J>RELARVA 1

Duration of
LARVA

3rd ecdysis to
1st instal'

29(24-37)

18

47(47-48)

I,

21(19-23)

13

3!d33-38 )

16(8-19)

4

20(13-27)

7

33(29-35)

16(1'-1-17)

1

17(15-20)

1 I,

31 (29-32)

17(11-19)

1

18(1/,-22)

11

29(24-35)

15(6-21)

3

18(7-26)

9

1

15(8-17)

1

16(8-18)

11

27(21-36)

1

12(9-16)

1

13(11-22)

10

23 (19-32)

Eclosion and
1st ecdysis

Duration of
PRELARVA 2

Species

N

Lyssomanes
vIrIills

5

15(12-18)

16(11-21)

2

18(13-21)

Plexip£~~

'-1

19(17-25)

22(19-28)

2

21~(22-32)

5

110 I_Qplal:ts

3

11(11-13)

1'-1(13-16)

3

17 (16-18)

Trj te
auricoma*

9

II, (8-20)

IS (9-17)

1

Portia
--rIliiliriata

8

lid 11-15)

15(12-16)

Portia

6

11 (]0-14)

16(1J-21)

I,

10(6-17)

II, (6-19)

29

13(7-15)

}/,(8-16)

8

10(9-15)

11 00-16)

2nd ecdysis

Ea:tkulli*
sp.

1

SChUILZl

fl!:~~

alger Ula

Portia
-ra6Iata*
EuoJ.l!!D's
-p-arvula

*species exmnjned under SEM
-data not available
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Table 2:

Traits specific to post-embryonic larvae of 9 species of salticids.
absent. - indicates observations not possible.
Setae

Scales

Tarsal
scopulate hairs

Well-developed
eyes

Fangs

+ indicates trait present.

Tarsal
claws

Spinnerets
spigots segmentation

x indicates trait
Larval
canniba liSlll

cyr~a

+

x

+

+

sljghtly
pOl.nted
pectinate

x

x

+

Eu01l.!!..!:xs
Earvula

+

x

x

+

pointed

simple

x

x

x

I101oElatys
sp.

...

x

x

+

simple

x

x

x

Lyssomanes
vuiiIis

+

x

x

+

simple

x

x

x

Plexi~1ils.

+

x

x

+

pointed

simple

x

x

x

Portia
-rlffibriata

+

x

+

+

like
active
ins tars

pectinate

+

+

+

Portia
lab:lata

+

x

+

+

like
active
ins tars

pectinate

+

+

+

Portia
--schultzi

+

x

+

+

like
active
ins tars

pecticate

+

+

+

Trite
auricoma

+

x

x

+

nipple
fangs

simple

x

x

a gerina

Eay u 11

x

Fig. 1: Salticid egg and air spaces surrounding appendages, with egg
teeth (ET) visible on pedipalps and stress wrinkles (SW) on egg
membrane (scale=l rom).

Fig. 2: Chorion and vitelline membranes (M) partially shed during the
first phase of eclosion, exposing a first prelarva (pI )(scale
1

=1 rom).

Fig. 3: Second prelarva of saiticid post-embryonic development resulting
from combined eclosion and first ecdysis ("shiny stage")(scale
=1 rom).

Fig, 4: Larval stage of salticid post-embryonic development resulting
from second ecdysis ("setose stagelt)(scale=l TOrn).
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of a first prelarva (Fig. 2). About 24 h later, the cuticle of this first
prelarva split dorsally and was totally rejected, revealing a second
pre larva. The egg membranes were sloughed off with this first exuvium,
completing eclosion.
o

The immobile second prelarva was bent c. 90

at the pedicel. Its

palps were long (almost as long as the legs), and its chelicerae had
broad conical fangs at their distal ends ('nipple fangs')(Fig. 3).
Vestiges of abdominal segmentation were visible in all species, as were
the beginnings of leg segmentation. Eyes, tarsal claws, spinnerets,
mechanosensory setae, chemosensory setae (curled setae with apical
pores), and scales (non-filamentous setae responsible for colour) were
lacking, However, all of these features except scales could be seen
developing under the cuticle within a few days after hatching. To the
naked eye, the spiderlings appeared smooth and shiny, but the cuticle was
actually finely granulated (Plexippus, Portia, Trite) or papillate
(Euophrys, Lagnus).
POST-HATCHING DEVELOPMENT
One to seven days after hatching and the first moult, a second moult
. occurred exposing a mobile larva (Fig. 4), with completely segmented legs
spread laterally. The larvae possessed several characteristics of the
active, free-living instars (Table 2).
Chemo- and mechanosensory setae were distributed over the body of
each larva. Larval Cyrba and Portia, but no other salticid larvae,
were equipped with rows of scopulate hairs on the ventral sides of the
tarsi and metatarsi. These scopulate hairs, which are unique among
salticids to the spartaeines, are adhesive and may have a role in prey
capture (Foelix et al 1984). They are morphologically similar to claw
tufts (Hill 1977), adhesive hairs found between the tarsal claws of the
active instars of all salticids (sometimes called scopulae). However
no larval salticids possessed claw tufts.
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All larvae possessed well-differentiated eyes which completed
development during this stage. Near the end of the larva stage, the
retinae of the anterior medial (AM) eyes were observed to track on moving
objects (i.e., shift to keep the image on the fovea, see Land 1969b).
Uniquely, larval Portia possessed large posterior medial
(typical of adult Portia),

PM

(PM)

eyes

eyes being small in the other studied

salticids at this and every other stage of development.
The degree of cheliceral development of larvae varied between
species from the nipple fang (see Fig. 3) to longer, more pointed forms
(Fig. 5,6).
Larvae of all species possessed the number of tarsal claws typical
of the active instars of salticids (i.e., two on each leg). In several
species, the claws were pectinate, like the claws of active instars.
Larvae of each species possessed movable spinnerets. Active instars
of salticids have four lateral spinnerets, each with 2 segments. All
larvae, however, possessed spinnerets that were unisegmented. Also, the
larvae of most species lacked spigots on their spinnerets. The exception
was Portia: the larvae of Portia spun draglines and attachment disks.

Fig.S: Ventral view of elongated
fang of the larval stage of
Cyrba.

Fig.6: Ventral view of pointed,
elongated fang of larval
stage of Portia.
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Some of the larval Gyrba and Portia, the studied spartaeines,
were observed to move about inside the egg case and feed upon undeveloped
eggs, and on dead and developing nest-mates. This "larval cannibalism",
however, was not observed in any other species.
Most species spent 1-2 weeks as larvae before moulting to fully
developed spiderlings, first active instars (i.e., miniatllre, asexual,
adults). Generally, the spiderlings dispersed from the egg case 7-10 days
after this moult to begin their independent existence.
DEVELOPMENTAL TIMING
The timing of hatching events, the duration of each post-embryonic
stage, and the rate at which various structures developed varied both
within and between species (Table 1). However, the variation in the
timing of development was less among the group of spartaeine species than
it was among the non-spartaeine group (e.g"

range of 27-31 and 23-47

days, respectively, for the time from day 0 to becoming first instars).
Generally, the total length of time taken from oviposition to the
first ins tar formed a continuum, marked at one end by Euophrys (23
days) and at the other by Plexippus (47 days), The median length of the
embryonic period ranged from 8 (Euophrys) to 19 days (Plexippus) , but
for most species evidence of the eminent eclosion was apparent c. 13 days
post-oviposition. Once hatching began, all species spent 1-3 days as a
prelarva 1 (membranes only partially shed). The median times spent as a
prelarva 2 formed a continuum (1-5 days), as did the times spent as a
larva (7-18 days),

DISCUSSION
Judging from this and other studies (Holm 1940; Vachon 1958,1965;
Taylor and Peck 1974), the basic sequence of morphogenesis seems to be
consistent in salticids. However, this study has shown that there is
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variation between species in the duration of the stages and the rate of
the morphological changes of post-embryonic development, with four
species of the Spartaeinae forming a separate, cohesive group. The
variation in developmental timing of the studied non-spartaeines probably
reflects intersubfamily variation, as the five non-spartaeines studied
were from five different subfamilies. Results from studies of other
families of spiders show that among closely related species the timing of
post-embryonic development is similar. For example, the onset and
duration of every post-embryonic stage were similar among the four congeneric thomisids studied by Schick (1972). In fact, for each of the 22
families studied by Holm (1954), these measurements fell within a five
day range (two to twelve species studied per family),
The two studied genera of spartaeines, Cyrba and Portia, are
further distinguished from the studied non-spartaeine salticids by the
precocial appearance in the larval stage of traits characteristic of
active instars. Spartaeine larvae possess tarsal and metatarsal scopulate
hairs, well-developed fangs, and pectinate claws on the tarsi; and they
capture and consume. prey (eggs and nest-mates). Larval Portia are
unique among the studied salticids in possessing functional spinnerets,
laying down draglines, and spinning attachment disks.
The capture and consumption of prey by spiderlings in the egg case,
"larval cannibalism", has been documented for five other spider families!
C1ubionidae, Gnaphosidae, L-U0 botidae , Theridiidae, and Thomisidae
(Schick 1972; Valerio 1974; Canard 1979; Peaslee and Peck 1983).
Interestingly, for all the species known to cannibalise as larvae,
sibling individuals that do not cannibalise can nevertheless successfully
reach the first active instar. This suggests that larval cannibalism may
confer advantages that become evident only some time after spider lings
leave the egg case. Schick (1972) reports that cannibalistic spiderlings
are larger than their nest-mates and suggests that this size advantage
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may enable them to capture larger prey and, therefore, acquire nutrients
and energy more rapidly when they begin their independent existence. In
addition, cannibalism may increase the ability of dispersing spiderlings
to survive food shortages when free living (Schick 1972). The energy and
nutrients acquired by cannibalistic spiderlings would give them a food
store on which they could draw until they caught their first meal. The
high incidence of death, apparently by starvation, in first instars of
non-cannibalistic Pisauridae (Bonaric 1974), Salticidae (Jackson 1978),
and Clubionidae (Austin 1984) suggests that prey availability may be a
problem for dispersing spiders.
By preying upon fertile eggs and other developing nest-mates,
cannibalistic larvae reduce the number of spiderlings that would have
dispersed from the egg case, had larval cannibalism not occurred. Since
larval cannibalism, therefore, effectively reduces batch size, either
smaller batches should occur in species practising larval cannibalism or
else females of species practising larval cannibalism have evolved
oviposition patterns to counteract the effect of larval cannibalism on
batch size. For example, species in which larval cannibalism has evolved
might lay larger batches, perhaps of smaller eggs, than similar noncannibalistic species. The effect of providing larvae with prey (i.e.:
"trophic", infertile eggs; fertile eggs; or other post-embryos) would be
increased hardiness of the survivors that would otherwise be small in
size. As yet, this issue has not yet been addressed in the literature for
the Salticidae or other families of spiders.
The interspecific variation of salticid post-embryonic development
found in this and other studies (Holm 1940) shows that the timing, but
not the sequence, of the changes of early development might be useful in
elucidating salticid phylogeny. The most striking difference in timing
found in this study is the earlier ("precocial") appearance of several
behavioural and morphological traits uniquely in the studied spartaeines:
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larval spartaeines alone possessed traits characteristic of active
instars. Therefore, the spartaeines are not only morphologically and
behaviourally unusual for salticids, but they also seem to have a
distinctive pattern of post-embryonic development. Establishing how widespread this pattern is among spartaeines and whether it is limited to the
spartaeine will require study of more spartaeine and non-spartaeine
salticids.
It is significant that the Spartaeinae, the salticid group with an
unusual pattern of post-embryonic development, has been considered to be
a primitive subfamily of the Salticidae (Wanless 1984b). These findings
suggest that the early appearance of traits characteristic of active
instars could be primitive in the Salticidae. If this is true, then the
cause of the delayed appearance of these traits in non-spartaeines is not
known. However, the subfamily Lyssomaninae has also been considered
primitive (see Galiano 1976; Wanless 1980; Forster 1982; Hallas and
Jackson 1986a), but the post-embryonic development of Lyssomanes, like
that of other non-spartaeine sa1ticids, is not generally precocia1.
Furthermore, outgroup comparisons show that one trait of precocia1 postembryonic development, larval cannibalism, is not confined to proposed
sister-groups of the Sa1ticidae, or to families that are considered
primitive. Although larval cannibalism is present in the Thomisidae
(Schick 1972), the C1ubionidae, and Gnaphosidae (Canard 1979), families
which have been suggested as sister-families of the Sa1ticidae (Holm
1940; Juberthie 1964; Lehtinen 1967; Kraus 1984), it is also present in
the

Ulobodckte<Peas1ee and Peck 1983) and Theridiidae (Valerio 1974),

families of web-builders that are very unlikely to be closely related to
the Salticidae.
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CHAPTER 3: LIFE HISTORY IN THE LABORATORY OF THREE SPECIES OF PORTIA
WEB-BUILDING JUMPING SPIDERS (SALTICIDAE, ARANEAE)

INTRODUCTION
Recently, there has been considerable interest in the evolution of
life history strategies (see Stearns 1976,1984; Horn 1978; Berven and
Gill 1983; Fenwick 1984). However, the life histories of relatively few
species of spiders, and especially few of the jumping spiders
(Salticidae), have been investigated. Detailed life history studies have
been carried out on eleven species of salticids (Bonnet 1933; Crane 1948;
Gardner 1967; Bailey 1968; Miyashita 1969; Horner and Starks 1972; Taylor
and Peck 1974; Jackson 1978; Edwards 1980; Meister and Whitcomb 1984),
all of which are more or less typical, cursorial species. This paper is
concerned with the life histories of three species of Portia
(Spartaeinae), a genus of web-building salticids.
Each studied species of Portia builds webs. It also invades the
webs of other web-building spiders; preys on other spiders (araneophagy),
spiders' eggs (oophagy), and insects caught in the invaded webs of other
spiders (kleptoparasitism); and uses vibratory behaviours to deceive
spiders in the invaded webs (aggressive mimicry)(Jackson and Blest 1982;
Murphy and Murphy 1983; Forster and Murphy 1986; Jackson and Hallas
1986a). In addition, P. fimbriata from Queensland is unique in using a
specialised style of stalking (cryptic stalking) to capture other
salticids (Jackson and Hallas 1986a).
In contrast, typical salticids, although they use silk in laying
draglines and in the construction of egg cases, sperm webs, and tubular
nests, do not build prey-capture webs. Instead they are diurnal hunters
that stalk and capture their prey (motile insects)(Forster 1977a). All
salticids, including Portia, have well-developed vision (Land
1969a,b,1985).
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Jackson and Blest (1982) proposed that all salticids had ancestors
similar in some respects (web-building, web-invading, araneophagic
aggressive mimic) to Portia. Subsequent studies of salticid eyes (see
Blest 1985), behaviour (see Jackson and Hallas 1986a,b), and morphology
(see Wanless 1984a) have been, over-all, supportive of this hypothesis.
The goal of this study is to consider how the basic life history traits
of Portia (mortality, the number of instars before maturation, instar
duration, growth rate, and moulting) compare with what is known about
these traits in other salticids and in web-building spiders from other
families.

METHODS
Three species were studied: P. fimbriata from Queensland,
Australia; P. labiata from Sri Lanka; and P. schultzi from Kenya.
Females that had matured and mated in the laboratory provided eggs for
this study. Eggs were placed in an incubator (see Chapter 2) and,
following hatching and dispersal, 'first instar' spiderlings were
isolated in plastic cages (5 X 5 X 7 cm)(detailed description of cages
and rearing protocol: Jackson and Hall~s 1986a). Water was supplied
,
to the spider through a wet cotton roll. Sticks provided web-building
substrate, and leaf debris provided resting sites. All Portia were
permitted to feed ad libidum on a 'mixed diet' of fruit flies
(Drosophila melanogaster) and a variety of spiders (see Table 1,
Chapter 5) one-third to three-quarters the body length of the Portia.
Portia were transferred to larger cages (15 X 10 X 5 cm) at instar 4
and again (25 X 25 X 25 or 40 cm) when 'subadult' (instar preceding
o

maturity). Photoperiod was 12 h L:12 h D, temperature c. 25 C.
Discarded exuvice were collected 24-48 h after each moult and instar
duration (the time elapsing between successive moults) was recorded. The
developmental stage of Port:ia was expressed as 'instar number' or, for
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WALE
WAME
DPLE

CL

WPLE
Fig. 1: Carapace of Portia sp. Bars indicate measurements recorded for
size and growth. ALE=anterior lateral eyes. AME=anterior medial
eyes. PLE=posterior lateral eyes; CL=carapace length. DPLE=
distance from ALE to PLE. WALE, WAME, and WPLE are widths of
ALE, AME, and PLE, respectively.
discussions of growth, as 'moult number' (both numbered sequentially, up
to maturity). Carapace dimensions (Fig. 1), measured with an ocular
micrometer, were used as indicators of size.

RESULTS
APPEARANCE
The following descriptions of live Portia complement Wanless'
(1978) descriptions of preserved specimens. Adults of the three species
of Portia were, in most respects, similar in coloration, general
morphology, and appearance. All possessed similar fringes of scales on
their palps and long thin legs, and hair tufts on their abdomens and
carapaces.
Males were dark brown or black with white, cream, -orange, and rust
tufts and patches on their bodies (confined to the pa1ps and anterior
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carapace in P. schultzi). Male P. fimbriata appeared 'velvety'
whereas male P. labiata and P. schultzi were more 'shiny'. Although
females of P. fimbriata and P. labiata were clothed in scales of
varying shades of white, orange, and brown, the scales on female P.

schultzi were either white or brown. Female P. fimbriata were unique
in lacking a white 'moustache' of scales found below the eyes of female

P. labiata and P. schultzi. Females tended to be c. 2 mm longer in
body length than males and they had a more heavy-set appearance.
Juvenile Portia resembled the adult females of their species
(Figs. 2-8). Subadult males had swollen palpal tarsi (Fig. 6) and adult
body markings were discernible below the subadult male's cuticle.
Outlines of the developing epigyna were evident on subadult females.
MOULTING
About 2-4 days before moulting, Portia stopped feeding. In fact,
all activity decreased and Portia spent most of its time hanging
horizontally, dorsal side downwards, from the underside of a piece of
leaf debris or from small horizontal silk platforms (Type 1 webs)
suspended in their large space webs (Type 2 webs) by their tarsal claws
(for web design see Jackson and Hallas 1986a).
The salticid slightly extended its legs 10-20 min before ecdysis
o

began, so as to face downward (longitudinal axis of the body angling 10
below horizontal). During the first 0.5-1 min of ecdysis, the exoskeleton
split around the base of the carapace. The legs were slowly flexed and
extended, causing the spider's body to move up and down c. 1 mm. Leg
movement was primarily a result of flexion at femur-patella joints, the
o

patella passing through an arc of c. 60 • Within 5 min, the old carapace
popped off and hung vertically downward from the salticid's pedicel.
After another 0.5-2 min, flexion of the legs resumed and, about 60 s
later, the abdomen was smoothly pulled free of the old exoskeleton.
Rhythmic bending and pulling of the legs (one pull every 2-3 s) began,
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Fig.2: Frontal view of a second
instar P. fimbiiata.

Fig.4: Frontal view of a second
instar P. labiata.

Fig.3: Frontal view of a fourth
ins tar P. fimbriata.

Fig.S: Dorsal view of a fourth
instar P. labiata.
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Fig.6: Frontal view of a sixth
instar P. labiata

Fig.?: Frontal view of a second
instar P. schultzi.

(subadult male).

Fig.8: Dorsal view of a fourth instar P. schultzi.
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exposing the limbs at a rate of 0.5-1.0 mm with each pull. This was often
accompanied by abdominal flexion at the pedicel so that the angle between
o

the dorsal sides of the cephalothorax and abdomen was held at 120
o

instead of 180 • When the bases of the legs had been exposed, the palps
were pulled free of the old exoskeleton. Within 5-8 min all limbs were
free.
o

At this stage Portia hung face down (90

to horizontal) by a drag-

line attached to the web. The legs were extended and held, with the tips
together, perpendicular to the body. The tips of the legs were gradually
spread 2-3 mm apart, then the legs were slowly flexed to draw the tarsi
towards the sternum. The legs were slowly extended again and, for the
next 2 min, the spider performed minute extensions and flexions at each
joint (rarely flexing all legs simultaneously) causing the leg segments
to tremble. A 15-30 min period of inactivity came next, after which the
spider flexed its legs more vigorously for 5-10 min then suddenly crawled
up the dragline to, the exuvium and onto the web or leaf. In one instance,
the newly moulted Portia bit the exoskeleton free from the web and let
it drop to the cage floor.
The entire moulting process took 30-120 min.
AGE-SPECIFIC MORTALITY
A life history table (Table 1) was made by using survivorship value
per ins tar (the cumulative proportion surviving at the beginning of each
instar) (Fig. 9) and mortality rate per instar (the proportion of
individuals from the previous instar that died). For P. fimbriata
mortality rates were highest at ins tar 1 and then peaked again in the
subadult instar. Mortality rates of P. schultzi were highest during the
first two instars. P. labiata suffered their highest mortality rates
during instars 3, 4, and 9 (subadult instar).
The Mantel-Cox statistic (Mantel 1966) was used for paired interspecific comparisons of the life history data (Table 2). This statistic
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compares the exponentiality of two curves subject to the same censorship.
The life history of P. schultzi was significantly different from those
of the other two species of Portia.

Table 1: Summary of life history data for three species of laboratoryreared Portia. N=number of individuals entering an instar. lx=
survivorship. qx=mortality rate. * indicates instars at which
maturation occurs.
Instar
4
5

2

3

63

31

29

29

Ix

1.00

0.49

0.46

qx

0.51

0.06

302

Ix
qx

10

6

7

8

27

27

21*

12*

4*

0.46

0.43

0.43

0.33

0.25

0.25

0.00

0.07

0.00

0.22

0.26

0.00

0.00

242

239

174

104

89

81*

42*

8*

1.00

0.80

0.79

0.58

0.35

0.30

0.29

0.25

0.25

0.17

0.20

0.01

0.27

0.39

0.140.02

0.12

0.00

0.33

0.00

1

9

P. fimbriata
N

P. labiata
N

P. schultzi
N

126

25

25

25

24*

21*

17*

Ix

1.00

0.20

0.20

0.20

0.19

0.17

0.17

qx

0.80

0.60

0.00

0.04

0.09

0.00

0.00

Table 2: Mantel-Cox test statistics for pairwise comparisons of life
history data for species of Portia. *=p<0.05. **=p<O.Ol.

Species

P. fimbriata
P. labiata

P.labiata

0.970

P. schultzi

4.068;';
38.974*1:
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SURVIVAL TO MATURITY
The percent of first instars that survived to maturity (Table 3)
averaged c. 24% and was not significantly related to species or sex
2
(X =2.6160, N.S.).

Table 3: Survival to maturity as a percentage of first instars for three
species of laboratory-reared Portia.

Number entering
first ins tar

P. fimbriata

Number of adults
obtained
males females total

Percent to
reach maturity

67

7

9

16

24.6

P. labiata

383

40

36

76

19.8

P. schultzi

133

24

20

44

33.1

NUMBER OF INSTARS
Over-all, Portia reached maturity at instar 5-10 (Fig. 10). Males
2

matured in fewer instars than females in P. labiata (X =22.3673, N=91,
p<O.Ol), but there was no evidence of this in P. fimbriata (N=16) or
P. schultzi (N=44). Paired comparisons showed that the only significant
interspecific differences were between P. schultzi and P. fimbriata
and between P. schultzi and P. labiata: male and female P. schultzi
matured in significantly fewer instars than their counterpart P.

fimbriata and P. labiata (Table 4).

INSTAR DURATION
Instar duration was extremely variable, ranging from 7 to 82 days.
This variation was not related (Kruskal-Wallis) to age (i.e., instar
number), sex, survival status (whether spiders survived to maturity), or
species. The grand median of instar duration was 21.19 days (N a lB78).
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Table 4: Chi-square values for association of the instar of maturation
in males and females of three species of Portia. N=sample
sizes. Only significant results (p<0.05) are presented.

P. fimbriata

P. schultzi

P. labiata

females

15.490(N=19)

28.611(N=52)

males

9.082(N=19)

10.525(N=60)

MATURATION TIME
Using the grand median instar duration and the mean number of
. instars the species passed through to reach maturity (which varied
between species and, for P. labiata, between sexes), maturation times
were approximated as: P. schultzi-l48.3 days; P. labiata males-153.6
days; P. fimbriata-169.5 days; P. labiata females-173.6 days.
ADULT LONGEVITY
Adult females survived longer than adult males of P. fimbriata
(180.2, S.D.=115.9 days v. 49.7, S.D.=23.6 days)(t=2.89; df=I,13j p<0.05)
and P. labiata (169.6, S.D.=85.3 days v. 101.9, S.D.=56.4 days)(t=4.04;
df=I,90; p<O.OOI), but not of P. schultzi (212.2, S.D.=53.0 days v.
143.0, S.D.=83.0 days). Paired t-tests revealed no significant interspecific variation of female and of male longevity.
INTRASPECIFIC VARIATION IN GROWTH INCREMENT
Growth increments during development were calculated for each of the
five measured carapace dimensions (Fig. 1; Appendix II). Increments for
each of the five dimensions were analysed individually.
Using two-way ANOVA's the data were analysed to determine whether
age (expressed as moult number), survival status, or sex affected growth
rates (Figs. 11-13). When the data for survivors of each species were

Fig. 11: Mean growth increments and standard errors (vertical bars) for
juvenile instars of P. fimbriata. CL=carapace length. WPLE=
width between PLE. WALE=width between ALE. WAME=width between
WAME. DPLE=distance between ALE and PLE. Solid squares=juvenile
females. Open squares=juvenile males. Open dots=non-survivors.
Solid dots=pooled data.
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Fig. 12: Mean growth increments and standard errors (vertical bars) for
juvenile instars of P. labiata. CL=carapace length. WPLE=
width between PLE. WALE=width between ALE. WAME=width between
AME. DPLE=distance between ALE and PLE. Solid triangles=
survivors. Open dots=non-survivors. Solid dots=pooled data.
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AME. DPLE=distance between ALE and PLE. Solid dots=pooled data.
Solid squares=juvenile females. Open squares=juvenile males.
Open dots=non-survivors.
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organised into males and females, occasionally males had smaller growth
rates than females, but usually males and females were similar (Table 5).
Almost all significant differences in growth were the result of the
influence of age.
After reorganisation of the data of non-survivors and survivors
(males plus females) for each moult number and testing for the influence
of age and survival status, it was found that growth rates of P.

fimbriata and P. labiata changed significantly during development
(those of P. schultzi did not)(Table 6). The effect of survival status
on growth increments was generally insignificant, although there was a
significant interaction of this variable with age in P. labiata
(greater growth in survivors).

Table 5: F-statistics for two-way ANOVA's for the effect of moult number
(MN) and sex (SX) on five growth indices of survivors of three

Portia species (I=interaction of moult number and sex). NS=
not significant (p>0.05). Degrees of freedom in parentheses.

Growth
. index

P. fimbriata

Species
P. labiata

P. schultzi

------------------------------------------------------------------------CL

MN
SX
I

4.62(6,66)
NS
NS

5 • 20 (7 , 471 )
NS
NS

11.32(5,66)
NS
NS

WPLE

MN
SX
I

6.21(6,66)
NS
4.98(66,79)

2.71(7,471)
NS
NS

NS
4.76(1,66)
NS

WALE

MN
SX
I

6.72(6,66)
NS
4.98(66,79)

2.79(7,471)
NS
NS

NS
6.85(1,66)
NS

WAME

MN
SX
I

6.02(6,66)
NS
NS

NS
NS
NS

NS
NS
NS

MN
SX

2.72(6,66)
NS
NS

6.65(7,471)
NS
NS

NS
NS
NS

DPLE

I
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Table 6: F-statistics for two-way ANOVA's for the effect of moult number
(MN) and survival status (S) on five growth indices of species
of Portia (I=interaction of moult number and survival status).
NS=not significant (p>0.05). Degrees of freedom in parentheses.

Growth
index

P. fimbriata

Species
P. labiata

P. schultzi

------------------------------------------------------------------------CL

WPLE

MN
S
I

NS
NS
NS

6.82(7,930)
NS
NS

4.30(5,87)
NS
NS

MN

8.20(6,141)
NS
NS

2.83 (7 , 930)
NS
7 .23 (7 , 945 )

NS
NS
NS

8.13(6,141)
NS
NS

5.66(7,930)
5.55 (1,930)
4.47 (7 , 945 )

NS
NS
NS

8 • 20 ( 6 , 141)
NS
NS

2.45(7,930)
NS
3.53(7,945)

NS
NS
NS

4.61(6,141)
NS
NS

18.17(7,930)
NS
3.48(7,945)

NS
NS
NS

S
I
MN

WALE

S
I

MN

WAME

S
I

MN

DPLE

S
I

After pooling the growth data into four categories (juvenile female
moults, final female moult, juvenile male moults. and final male moult)
and comparing the data of each species. intersexual differences were
evident only in the final moults of P. schultzi (smaller growth in
final male moult), However. for each species. growth in the final moult
to maturity was found to be significantly less than the mean growth of
the moults during earlier development (Table 7).

INTERSPECIFIC VARIATION IN GROWTH INCREMENT
When the growth rates of the different moult types of the three
species of Portia were compared by two-way ANOVA's. age but not species
significantly affected growth (Table 7), F-statistics for age are as
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Table 7: Summary of results from two-way ANOVA's for the effect of sex
(SX) and moult type (MT, i.e., juvenile moult v. moult to
maturity) on five growth indices of three species of Portia.
Only significant results (p<0.05) are presented.

Species

P. fimbriata

P. labiata

P. schultzi

101

586

98

WPLE WALE WAME

CL WPLE WALE WAME

CL WPLE WALE WAME DPLE

Sample size
Growth
index

Growth rates
Females:
juvenile moults .17
final moult
.08

.18
.11

.18
.09

.25 .19
.17 .11

.18
.13

.20
.13

.30 .23
.32 .15

.22
.16

.22
.14

.25
.04

Males:
juvenile moults .19
final moult
.10

.19
.10

.18
.12

.25 .19
.16 .13

.19
.11

.19
.15

.25 .19
.17 .13

.19
.11

.19
.13

.24
.20

------------------------------------------------------------------------Significant
variable

MT

MT

MT

F-statistic

7.8

6.3

6.5

MT

SX MT

MT

MT

MT

15.8 36.1 21.3 9.9

4.0 5.2

5.9

6.1

4.7

MT

MT

MT

follows: F=8.40 for CL (p<O.OOOI), F=2.60 for WPLE (p<O.OI), F=3.30 for
WALE (p<0.05), F=3.87 for WAME (p<O.Ol), F=3.96 for DPLE (p<O.Ol)(N=
1217). The interaction of age and species was significant for CL (F=3.34,
p<O.OOl), WPLE (F=5.1B, p<O.OOOl), WALE

(F~3.30,

p<O.05), and WAME

(F=2.97, p<O.Ol).
For each of the five growth indices, means of the juvenile moults
were calculated for each species. Interspecific differences were significant only for CL (F=2.188, N=1217, p<O.05). Paired t-tests isolated a
significant difference between P. labiata and P.schultzi. There were
no significant differences in final growth spurt to maturity between the
three species of Portia, even when sex was taken into account.
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no significant differences in final growth spurt to maturity between the
three species of Portia, even when sex was taken into account.
MORPHOLOGICAL INDICES OF SPECIES' GROWTH PATTERNS
Generally widthwise growth increments were less than lengthwise
growth increments, which resulted in a progressive elongation of the
carapace shape that was observed in all developing Portia. Principal
component (PC) analysis was carried out to determine whether a species'
growth pattern could be described by one or two of the indices of growth
used in this study (i.e., lengthwise and/or widthwise index). Selected
moult numbers (sexes pooled since only a few intersexual differences were
found, Table 6) were analysed for each species and the PC's obtained were
those with eigenvalues greater than 1. According to the loadings for each
growth index (Table 8), the width indices (WPLE, WALE, WAME) generally
were correlated with each other for each species in juvenile moults. For
the moults to maturity a similar correlation was observed in P. labiata
and P. schultzi, but not in P. fimbriata. Lengthwise indices were
correlated less often (e,g., moult 1 of P. fimbriata, moult 4 of P.

labiata and P. schultzi, moult to maturity of P.schultzi),
Correlation between all indices was observed only for moult 4 of P.

fimbriata.
Therefore, one widthwise and at least one lengthwise index is needed
to describe growth patterns of Portia.

DISCUSSION
MOULTING
The moulting process, and the behaviours immediately before and
after it, have been described before for two species of salticids,

Myrmarachne plateleoides (Bhattacharya 1939) and Metaphidippus
galathea (Horner and Starks 1972). I have observed moulting in another
15 species: Astia hariola, Bavia aericeps, Euophrys parvula, Euryattus

sp., Lagnus kochi, Lyssomanes viridis, Phaeacius sp., Phidippus sp.,

Pystira orb.iculata, Sandalodes 1l1dicrus, Servea vestita, Simaetha
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paetula and Trite auricoma (unpubl. data). For these 17 species and
the three species of Portia studied, the behaviours involved in
shedding the old exoskeleton are the same and hence the moulting process
seems to be consist ant in salticids.
There is also interspecific similarity among salticids in the
behaviour preceding moulting. First a salticid selects a protective site
in which to moult, usually its nest, which is an enclosing tubular silk
retreat. The highly cryptic, web-building species of Portia are
different. They select as moulting sites either their horizontal, silk
resting platforms (Type 1 webs) or a piece of leaf debris suspended in
their large Type 2 webs. After site selection, salticids tend to become
inactive and fast for a few days, possibly as a result of the decreasing
sensory capabilities associated with the synthesis of a new exoskeleton
(Harris 1977). Alternatively, or in addition, the inactive period may be
an adaptation to decrease the vulnerability of the spider to predators.
Behaviour immediately after moulting is also similar among
salticids: once the new cuticle hardens the salticid separates itself
from the old exuvium. Portia free the exuvium from its attachment to
the web. Salticids which moult in a retreat, however, abandon that
retreat permanently and construct a new one; spin a layer of silk over
the old exuvium, walling it off from the main chamber of the retreat,
then remain in the nest; or push the exuvium out and remain in the nest.

SURVIVAL AND MORTALITY
The proportions of first instars of each Portia species that
survived to maturity fall within the range (14-86%) reported for
Metaphidippus galathea (Horner and Starks 1972), Phidippus audax
(Bailey 1968), P. johnson i (Jackson 1978), Philaeus chrysops
(Bonnet 1933), and Plexippus setipes (Miyashita 1969), which are
typical cursorial salticids.

Table 8:

Species

Pdncipal component analysis of growth indices CL, WPLE, WALE, WAME, DPLE (see Fig. 1) of 3 species of Portia at
selected moults. N = sample size.

Moult
number

P. fimbriata

N

I,

P. labiata
-4
to
maturity

P. schultzi
---I,

to
maturity

CL

WPLE

Loadings
WALE
WAME

I Cumulative

DPLE

~:igen

value

proportion of
total variance
explained

1
2
1

-.009
.895
.894

.759
-.081
.9 /,7

.933
.116
.986

.856
-.065
.925

-.020
-.880
.776

2.181
1.60
4.12

43.62
75.61
82.57

12

1
2

.743
.394

.726
-.005

.869
-.105

.078
.743

.285
-.772

1.92
1.31

38.43
64.77

84

.059
-.626
.517
-.715

.751
-.298
.860
-.002

.8 /,6

87

1
2
1
2

-.055
.722
-.019

.763
.154
.721
-.012

.232
.819
.502
.728

1.921
1.179
2.3
1.043

38.41
61.99
46.00
66.86

67

1
2

.493
-.608

.665
.400

.879
.172

.766
-.137

-.018
.723

2.046
1.099

1,0.91

17

1
2

.799

16

1

2

.226
-.5H
.470
.103

.853
-.141

.741
-.018
.777
.371

.824
-.190
.227
.789

-.125
.804
-.547
.723

1.933
1.221
1.902
1.313

38.66
63.09
38.04
64.29

1
2

.563
-.563

.708
.357

.938
.069

.694

-.451
.736

2.384
1.220

117.68

III

to
maturity

Principal
component
number

III

15

.1,92

.1178

62.89

72.08
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Mortality rates of the three Portia species during development
were distributed in two patterns, both of which have been reported in
other, typical cursorial salticids. The pattern of peak mortality rates
early in the development of P. schultzi also occurs in Phidippus
/"\

audax (Bailey 1968), P. coccineus (Gardner 1967), P. johnson'i
'-"

(Jackson 1978), Metaphidippus galathea (Horner and Starks 1972), and
Trite auricoma (Forster 1977b). The other pattern of mortality rates
(i.e., peaks late in development), occurred in Portia fimbriata and
P. labiata, and in Phidippus audax (Taylor and Peck 1974) and
Plexippus setipes (Miyashita 1969). Whether one pattern is more common
in the Salticidae than the other is not apparent from the literature,
particularly since both patterns have been reported for one species,
Phidippus audax. This suggests that the vagaries of laboratory
conditions may be the primary factor affecting mortality of developing
spiders. More species must be studied before it will be possible to
discern how mortality rates vary over the instars in salticids, much less
to discuss possible phylogenetic or ecological bases for any trends which
might occur.
NUMBER OF INS TARS AND MATURATION TIME
The number of instars to maturity was variable for each species of
Portia, a phenomenon that seems to be widespread in the Sa1ticidae and
other spider families (Table 9).
Male Portia are smaller than conspecific females arid tend to
mature in fewer instars. This trend has been reported in four other
salticid species and eight non-salticid species (Table 9). The mean
number of instars taken to reach maturity for males and females of each
Portia species is proportional to their mean size at adulthood, and
this second, interspecific trend also occurs in other salticids and many
non-salticids (Table 9). Like the other relatively large (body length c.
10 mm) salticids listed in Table 9, Portia species reach maturity in
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Table 9: Instar of maturity of males (M) and females (F) of 15 species of
spiders, from the literature, grouped by families. Species are
ranked in decreasing order of body length. - indicates body
length not known.
Family

Araneidae

Species

Argiope argentata

Body
length(mm)

Instar of
maturation

12-16
4-5

13-15
6-7

Robinson and
Robinson 1978

13-15
6-7

Robinson and
Robinson 1978

F
M

A. aemu1a

F
M

Clubionidae

C1ubiona robusta
Chiracanthium
mi1dei
C. inc1usum

Oxyopidae
Pisauridae

Peucetia viridans
Pisaura mirabi1is

F 13-17
M 12-17

Phidippus audax
P. johnsonni

Mansour et
a1 1980

7-10

6-9

10-11
8-9

F

M

5-10
4-8

6-11
5-11

Peck and
Whitcomb 1970

F

Whitcomb et
a1 1966

14-16

8-9

M 12-13

7-8

F

15

9-11
8-10

Bonaric 1974

11-18

8-10

Taylor and
Peck 1974

F

M 10-15

8-9

F

8-13
7-11

7-10
6-9

Jackson 1978
Meister and
Whitcomb 1984

F

7-8

M

5-6

7
6

F

4-6
3-5

5-8

11-13
4-5

6-9
4-7

Kaston 1970

M

L. mactans

F
M

8-10
3-4

6-9
4-8

Kaston 1970

L. mactans

F
M

8-10
3-4

8-10

Deevey 1949

Metaphidippus
gala thea
Theridiidae

Austin 1984

F

M

Cory thalia canosa

9-10
7-9

M

M

Salticidae

Source

Latrodectus
hesperus

M
F

7-8

Horner and
Starks 1972

6-9

Thomisidae

Thomisus onustus

F 8(mean)
M 6(rnean)

7-10
4-6

Levy 1970

Uloboridae

Octonoba
octonarius

3-6
F
M 3 (rnean)

5-6
5-6

Peaslee and
Peck 1983
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instars 5-10, This relationship between number of instars before maturation and species-specific adult size is probably related to the fact
that larger species require longer to mature because they have to consume
a greater biomass of prey before reaching adult size than small species,
and that all spiders can grow only to a limited extent per moult, so that
large species require more moults before maturing.
INSTAR DURATION
The median instar duration of Portia was within a two to three
week range which has previously been reported for cursorial salticids:

Cory thalia cha1cea and C. fu1gipedia (Crane 1948), Phidippus audax
(Taylor and Peck 1974), P. johnsom"

(Jackson 1978), Phi1aeus

chrysops (Bonnet 1933), and P1exippus setipes (Miyashita 1969).
Howeve~

ins tar durations of Portia are different in that they do not

follow certain interspecific and intraspecific trends

W~;~h

have been

reported for the above cursorial salticids and for species of some other
families: web-builders--Agelenidae (Browning 1941), Eresidae (Jacson and
Joseph 1973), Heteropodidae (Robinson and Robinson 1980), Pholcidae
(Bonnet 1937), and Theridiidae (Deevey 1949; Forster and Kingsford 1983)-and cursorial spiders --Clubionidae (Peck and Whitcomb 1970; Mansour

et a1 1980), Ctenizidae (Buchli 1970), Lycosidae (Eason and Whitcomb
1965), Instead of instar durations increasing over successive instars and
being longer for spiders of large adult size as was found in the studies
cited above, the instar durations of Portia are highly variable during
development, although they are longer for P. fimbriata and P. 1abiata
(larger adults) than for P. schultzi (smaller adults). Why Portia are
unusual in this respect is not clear.
ADULT LONGEVITY
In the laboratory, female Portia live longer than males, as has
been reported for another eight species of the Salticidae (Table 10),
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Table 10: Species in which females have been shown to live longer in the
laboratory than males

Family

Species

Source

Salticidae*

Cory thalia canosa
Lyssomanes viridis
Metaphidippus gala thea
Phidippus apacheanus
P. coccine'ls
P. johnsonl
P. opifex
Phi1aeus chrysops

Meister and Whitcomb 1984
Richman and Whitcomb 1981
Horner and Starks 1972
Gardner 1965
Gardner 1965
Jackson 1978
Gardner 1965
Bonnet 1933

Araneidae+

Argiope f1avipa1pis
A. trifasciata

Edmunds 1982
Edmunds 1982

Clubionidae*

Chiracanthium inc1usum
C. mildei

Peck and Whitcomb 1970
Mansour et a1 1980

Ctenizidae*

Nemesia caementaria

Buchli 1970

Filistatidae+

Fi1istata hiberna1is
F. insidiatrix

Anderson 1974
Bonnet 1939

Linyphiidae+

Gongy1idium rufipes

Baert 1980

Lycosidae*

Lycosa 1enta
L. T-insignata

Anderson 1974
Miyashita 1968

Pholcidae+

Physocyc1us simoni

Bonnet 1937

Pisauridae+

Pisaura mirabi1is

Bonaric 1974

Theridiidae+

Latrodectus mactans

Deevey and Deevey 1945;
Deevey 1949; Kaston 1970

U1oboridae+

Octonoba octonarius

Peaslee and Peck 1983

* Cursorial spiders
+ Web-building spiders

Although this might be expected in the field for all spiders because the
mate-seeking behaviour of males probably exposes them to predators more
than is so for females, the appearance of this trend in laboratory-reared
spiders from a wide range of families (Table 10) suggests that the
greater longevity of female Portia (mated or unmated) is inherent. It
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bears emphasising that there are no reports of males having greater
longevity than females in any spider species. The shorter lifespan of
males may result from adaptations by males for a more active life-style
than females. Jackson (1978) suggested that physiological changes may
accompany maturation in males, so that the systems associated with
longevity are sacrificed in favour of systems supporting mate-location •

.

Adult Phidippus coccineus (Gardner 1967) and P. johnsom

(Jackson 1978), which are c. 10-mm-Iong, have longevities of 3-4 months.
In Metaphidippus galathea and Philaeus chrysops, the only smaller
salticid species for which adult longevity data is available, male
longevities are 5-6 months and female longevities are 5-10 months (Bonnet
1933; Horner and Starks 1972). These few data suggest that there may be
an inverse relationship between body size and adult longevity in the
Salticidae. However, studies of additional species are required to verify
such a relationship. The adult longevities of Portia males (c. 1.5-4
months) are like those of Phidippus, but females (c. 5-7 months) seem
to be more like Metaphidippus. Overall, this seems to be consistent
with the findings of Phidippus and Metaphidippus because Portia
tend to be slightly smaller than Phidippus, but not so small as
Metaphidippus.

GROWTH
From studies on the salticids Lyssomanes viridis (Richman and
Whitcomb 1981), Metaphidippus galathea (Horner and Starks 1972),
•
Phidippus johnsonJ (Jackson 1978), Philaeus chrysops (Juberthie
1955), and Zygoballus rufipes (Faber 1983) a trend was evident: growth
rates progressively decrease with succeeding instars (Fig. 14). This
trend is, in fact, widespread among spiders, occurring in other cursorial
spiders, such as some Clubionidae (Juberthie 1955; Peck and Whitcomb
1970), Dysderidae (Juberthie 1955), Lycosidae (Juberthie 1955; Miyashita

Fig. 14: Growth increments of juvenile salticids from the literature.
A-Metaphidippus galathea (Horner and Starks 1972). BCory thalia chalcea, C-C. fulgipedia (Enders 1976a). D and EPhidippus johnsonni (Jackson 1978). CL=carapace length. CW=

carapace width. WPLE, WALE, WAME= widths of PLE, ALE, and AME,
respectively. DPLE=distance between ALE and PLE.
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1968), and Pisauridae (Juberthie 1955), in web-building spiders, such as
some Araneidae (Juberthie 1955), Loxoscelidae (Horner and Stewart 1967),
Tetragnathidae (Juberthie 1955), and Theridiidae (Juberthie 1955), and in
some of the non-web-building, ambushing Thomisidae (Akita 1979).
In contrast, a progressive decrease in growth rates was not evident
in the Portia species I studied, nor in Cory thalia chalcea and C.

fulgipedia (Crane 1948)(Fig. 14), which are cursorial sa1ticids.
Instead the growth rates of these species fluctuated greatly during
development and then dropped in the final moult to maturity. The studied

Portia and Cory thalia are from the tropics, a fact which distinguishes them from the other studied spiders and suggests that growth over
instars differs significantly between temperate and tropical salticids.
Additional studies are needed.

Portia and all of the above-listed spiders grow at a reduced rate
in the moult preceding maturity, suggesting that spiders divert energy
and nutrients from the development of somatic structures to the
development of the sexual structures during the subadult instar. This
reduction is most pxonounced in males in certain salticids (Portia

schultzi- this study; Cory thalia chalcea and C. fulgipedia- Crane
1948; Phidippus johnson; - Jackson 1978; and Philaeus chrysops-

Juberthie 1955) and 23 species from other families (Juberthie 1955),
including the Araneidae (Edmunds 1982), the Clubionidae (Peck and
Whitcomb 1970), the Ctenizidae (Buchli 1970), the Loxoscelidae (Horner
and Stewart 1967), and the Lycosidae (Eason and Whitcomb 1965), From
these studies it is apparent that greatly reduced growth rates in the
final moult of males is one of the most common "methods" (often in
conjunction with fewer instars prior to maturity) of bringing about
sexual dimorphism of adults.
According to principal component analysis on the data for Portia,
a measure of carapace width and at least one of carapace length are
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required to give an accurate indication of growth. This is because the
shape of the carapace changes during development. Width measurements
(WPLE, WALE, WAME) increase more slowly (growth increment=19%) than
lengthwise measurements (DPLE, CL; growth increment=24%). Interestingly,
no such shape change occurs in Phidippus johnsonni (see Jackson 1978).
For most species, whether there is a change in the shape of the carapace
is unknown. Evidently caution should be exercised when comparing species
if data for only widthwise (e.g., Metaphidippus galathea, Horner and
Starks 1972) or lengthwise (e.g., Cory thalia chalcea, C. fulgipedia,
Crane 1948) growth are given, since unequal growth may occur.
Enders (1976a), after reviewing and- re-analysing most of the limited
data available on spider growth rates, drew the interesting conclusions
that web spiders tend to have larger size increments per instar than do
cursorial spiders; and species with large adult size, regardless of lifestyle, tend to have higher growth rates. Moreover, for spiders of about
the same size as Portia (female body length c. 10 mm),increments per
instar tend to be 25-30% for web-builders and c. 20% for cursorial
species.
Whether the growth rates of Portia are more like those of typical
web-builders or typical cursorial species is of particular interest
because Portia is a highly aberrant genus of spiders: each individual
is a web-builder and a cursorial spider, whereas the vast majority of
salticids are strictly cursorial. The growth rates found for Portia are
like those expected (according to Enders) both for a web-builder and for
a cursorial spider. Lengthwise increments (24%) were closest to those
Enders found for web-builders and the widthwise increments (19%) were
closest to those Enders and Jackson (1978) found for cursoria1 spiders.
As mentioned earlier (see above), both lengthwise and widthwise

growth data have rarely been provided for the same species. Enders pooled
both types of data, making interpretation of his claims somewhat
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difficult. Also, he based his conclusions on published data of only about
16 species, perhaps too few data for a high level of confidence in the
trends he discerned. However, with these cautions in mind, it is still
interesting that Portia, the only web-building salticid whose growth
rates have been measured, is also the only salticid known to have
increments (lengthwise) per instar comparable to those of web-builders of
other families.
Enders provided a hypothesis to explain why web-builders and
cursorial spiders might differ in growth rates. Spiders use their
abdomens as a major reserve of the stored nutrients necessary for large
increments when they moult. Enders assumed that web-builders tend to have
a less mobile life-style than cursorial spiders and that they have less
need for agility on webs. Thus an abdomen that is large relative to the
cephalothorax would tend to be less of a liability for a web-builder than
for a cursorial spider.
The validity of these assumptions may be suspect. Little is known
about the behaviour of most spiders, especially cursorial spiders other
than a few salticids and lycosids. Many "cursorial" species may tend to
spend most of their time immobile and practise sit-and-wait predation
more than active hunting. On the other hand, web-builders may be
relatively agile and active when building webs and attacking prey.
Perhaps, the important distinction between web-buildrs and cursorial
spiders is the type of substrate on which they live: it ,may be easier to
carry a relatively large abdomen around on a web than over the non-web
substrate of cursorial spiders. Certainly we need much more information
on these issues.
The lack of significant interspecific variation in growth rates of
the Portia species is not entirely consistent with Enders' hypothesis.
The tendency of both P. labiata and P. schultzi to chase web-spiders
in alien webs and use relatively rapid locomotion, suggests that they are
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more active Portia species than P.fimbriata. As such, according to
Enders' hypothesis, these species would be expected to have lower growth
rates than P. fimbriata. Perhaps for P. schultzi the effect of its
smaller size (increases with growth rates) counteracts the effect of
greater activity on the growth rates of this species, and so its growth
is not significantly different from that of P. fimbriata. However, if
we accept Enders' reasoning, we seem to still need an explanation for why
the growth of P. labiata is not different from that of P. fimbriata.

CONCLUDING REMARKS
In most respects, the life history traits of Portia are similar to
those known for other salticids. However Portia is like web-builders of
other families in terms of lengthwise growth. Portia spends much of its
time in webs, both in its own and those of other species. Perhaps the
larger lengthwise growth, rate of Portia compared to other salticids is
associated with Portia, like many web-builders, being able to increase
its abdomen size (relative to the cephalothorax) between moults to a
degree that would seriously handicap a strictly cursorial salticid.
Comparative data on premoult abdomen and cephalothorax sizes are not
available but the abdomen of a well fed Portia appears to be very large
(Fig. 5), compared to that of many salticids.

Portia may have had cursorial ancestors similar to typical
salticids and may have evolved a higher lengthwise growth rate concurrent
with becoming a web spider (i.e., a high growth rate may be a derived
trait). However, there is another possibility, bearing in mind the number
of traits of Portia that seem to be plesiomorphic (Wanless 1978,1984;
Blest 1983) and the hypothesis that has been proposed by Jackson and
Blest (1982) that the salticids evolved from web-spiders. The high rate
of lengthwise growth of Portia may have been conserved by Port.ia from
web-building ancestors of the Salticidae.
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CHAPTER 4: OVIPOSITION BIOLOGY OF PORTIA, WEB-BUILDING
JUMPING SPIDERS (ARANEAE, SALTICIDAE)

INTRODUCTION

The Salticidae is a large cosmopolitan family of spiders of variable
size (2-20 mm in adult body length). These spiders have unique eyes and
acute vision (Land 1969a,b), and the typically active and agile behaviour
they use to locate, chase down, and capture their insect prey is well
known (e.g., Forster 1982). Portia, a genus of large (8- to 12-mm
long), primarily tropical salticids is behaviourally atypical (Jackson
and Blest 1982; Forster and Murphy 1986; Jackson and Hallas 1986a,b)
because of pronounced predatory versatility. Besides being cursorial
hunters, the same individuals build large 3-dimensional webs and use
web-invasion, followed by aggressive mimicry, to capture other webspiders. Portia is also unusual in that some of its morphological
traits are considered to be plesiomorphic (Wanless 1978,1984a; Blest
1983).
Because of its unique behaviour and potential importance for
salticid systematics, it is of interest to know how the oviposition
biology of Portia compares with that of other sa1ticids. Also, there
are important ecological reasons for looking at oviposition biology.
Firstly, oviposition biology (Le., batch ("clutch") and egg size, timing
of oviposition, and the total number of clutches produced by an individual) is closely associated with reproductive effort, a topic which .has
received much attention in recent years (for reviews see Stearns 1976,
1980; Dawkins 1978; Tuomi et al 1983). Secondly, the apportioning of a
species' (e.g., Portia's) reproductive effort might be expected to vary
with latitude, mean body size, and most interestingly (because of

Portia's unusual behaviour) foraging strategy (see Vernberg 1962;
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Berven and Gill 1983; Smith and Fretwell 1974; Enders 1976b; Stearns
1984). Therefore, I carried out a study of the oviposition biology on
three species of Portia and, for comparison, 22 species of salticids
representing a range of latitudes, sizes, and foraging strategies.

METHODS
Subadult and adult females of 25 species were collected over a 4month period (Table 1 and Appendix I). Individuals were maintained in
plastic cages supplied with wet cotton, ventilation holes, corked holes
(for prey introduction), and natural materials (e.g., twigs, leaves, leaf
litter) to approximate conditions in their respective habitats.
o
Temperature was held at c. 25 C and the light regime 12 h D:12 h L
(lights on at c. 0800 h). Species are referred to by their generic names
except in instances where confusion may arise.
To provide each species with a quasi-natural diet, various prcey were
used. Each species of Portia was provided with a variety of New Zealand
spiders (see Table 1, Chapter 5 for the species used). All other
salticids were fed insects. Small species were fed fruit flies
(Drosophila hydei, D. immigrans, and D. melanogaster), whereas larger
species, such as Bavia, Helpis, Phidippus, and Plexippus, were fed
locusts (Locusta migratoria) , blowflies (Calliphora sericata) , and/or
houseflies (Musca domestica). Prey was made available ad libidum to
each salticid.
Females matured, mated, and oviposited in the laboratory. For six
species (Table 1) the length, width, and height of each gravid female's
abdomen was measured just before oviposition, when the abdomen appeared
to be maximally distended. After oviposition, the same dimensions were
measured. All measurements were converted to volumes (v) using the
formula for a prolate spheroid:
v

~

4/3 (3.1614) (length x 0.5) «width + height) x 0.5).
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The difference between pre- and post-oviposition abdomen volumes was
recorded as the spider's abdomen distension capability.
Freshly laid eggs were removed from the females, counted and, for 17
species, measured (length, width), Egg volume (ev) was calculated as:
ev = 4/3 (3.1614) (length x 0.5) «width) squared).
Batches from females which laid more than one batch were assigned
sequential numbers ("batch number"). The number of eggs in each batch and
the period between successive ovipositions were recorded.
Table 1: Salticids investigated and the nature of oviposition data
collected from each species. B=batch size, T=timing of
oviposition, A=abdomen distension capabilities, E=egg size.
Species

Subfamily

Nature of data collected

Asemonea tenuipes
Astia hariola

Lyssomaninae
Astianae

B, E
B

Bavia aerie pes
Brettus adonis

Thiodinae
Spartaeinae

B, E
B, E

Gory thalia eanosa
Gosmophasis sp.
Gyrba algerina

Euophryinae
Heliophaninae
Spartaeinae

B
B
B, T, E

Euophryinae
Cytaeinae

B, T, A, E
B, E

Helpis minutabunda
Holoplatys sp.

Astianae
Marpissinae

B, E
B, T, E

Lagnus koehi
Lyssomanes viridis

Astianae
Lyssomaninae

B, E
B, T, E

Phidippus sp.
Phidippus otiosus
Phidippus regius
Plexippus paykulli
Portia fimbriata
Portia labiata
Portia sehultzi

Dendryphantinae
Dendryphantinae
Dendryphantinae
Plexippinae
Spartaeinae
Spartaeinae
Spartaeinae

B
B,
B,
B,
B,
B,
B,

Sandalodes ludierus
Servea vestita
Sp. 1
Sp. 2

Hyllinae
Zygoballinae

B
B
-B, E

Trite auri.eoma

Cytaeinae

. Euophrys parvula
Euryattus sp.

A, E
E

T,
T,
T,
T,

E
A, E
A, E
A, E

B

B, T, E
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RESULTS
INTERSPECIFIC DIFFERENCES IN BATCH SIZE
The maximum and mean batch sizes of the three studied Portia
species were similar to those of other salticids of the same size (Table
2). Maximum and mean batch size were regressed against species' mean body
length cubed (as a rough measure of volume) of the non-Portia species
(Fig. 1), yielding the following significant (p<O.Ol) regression lines:
maximum batch size Y = -14.2049
batch size Y = -3.1331

+

+

0.1272X (F=87.6204, df=1,21)j mean

0.0681X (F=88.00, df=1,21). The maximum and mean

batch sizes of P. labiata and P. schultzi were within the 95% covf;aeuce Uli\Ad-s
maximum and mean batch sizes. P. fimbriata oviposited smaller batches
Table 2: Maximum and mean batch sizes (standard deviations in
parentheses) of 25 species of salticids, ranked by increasing
maximum batch size.
Species

Cory thalia canosa
Cyrba algerina*
Asemonea tenuipes
Astia hariola
Sp. 1
Holoplatys sp.
Euryattus sp.
Sandalodes ludicrus
Trite auricoma*
Cosmophasis sp.
Euophrys parvula*
Servea vestita
Helpis minutabunda*
Sp. 2
Brettus adonis
Lagnus kochi*
Portia schultzi*
Bavia aericeps
Plexippus paykulli
Portia fimbriata*
Phidippus sp.
Lyssomanes viridis
Portia labiata*
Phidippus otiosus
Phidippus regius

* species

N

Maximum
batch size

1

6

15

8
11

4
4
9

6
3
5

14
3

36
1

17
3
6
11

50

15
15
16
17
18
19
19
25
26
27
28
28

44

5

58
66
69

85

71

3
5

179

74
76
125

6
3

263

7

for which N > 10.

255

Mean
batch size
6(0)
5 .80( 1.47)
9.25(2.36)
11.50(5.07)
6.33(3.53)
12.50(2.88)
13.33(4.04)
13.00 (3 .56 )
12.29(3.29)
14.133 (5 .03 )
17.42(5.27)
26(0)
14.65 (6 .97)
24.33(3.21)
21.50(4.28)
31.54(8.38)
29.40(13.44)
58.14(8.30)
41.00(18.18)
40 .34 (I 2.90 )
47.00(23.43)
60.00(14.78)
57.69(20.79)
147.50(77.64)
142.33(109.89)

Estimated
body length
of fema1e(mm)
6

5
6
6
6

6
7
6

7
7
6
6
7
7

6
6
8

10
11

10
10
8

10
12
12
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Fig. 1: Regression lines for mean batch size (solid line) and maximum
batch size (dashed line) v. female size (cubed body length).
Boxes and circles are mean and and maximum batch sizes
respectively for P. fimbriata (P.f.), P. labiata (P.l.),
and P. schultzi (P.s.).
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than expected for a lO-rom-long salticid and, on average, its batches were
significantly smaller than those of P. labiata (t=7.405, p<O.Ol), a
congener of the same size but from a slightly higher latitude (P.
o

fimbriata: 15

0

S, P. labiata: 7

N). The batches of P. schultzi

o

(3

S latitude) were smaller than those of P. fimbriata (t=3.020,

p<O.Ol) and of P. labiata (t=9.320, p<O.Ol).

ABDOMEN SIZE AND DISTENSION
With approaching oviposition, the abdomens of Portia became
distended (increasing primarily in width and height) to such an extent
that they became almost spherical in shape. Similar capabilities were
observed in Brettus, Gyrba, Euophrys, and Phidippusj in the remaining
salticids, the abdomen clearly remained cylindrical (albeit larger)
rather than becoming spherical.
Of the data collected for six species on abdomen size before oviposition, the number of eggs that were oviposited, and abdomen size after
oviposition (Table 3), only those for Euophrys showed a significant
correlation between batch size and pre-ovipostion abdomen volume (r=.604j
t=3.5575j p<O.005) and between batch size and the change in abdomen size
. associated with oviposition (r=O.6143j t=O.6237j p<O.005j correlation coefficients adjusted for small sample sizes, see Kendall and Stuart 1961).
The abdomen distension capability of each species was expressed as a
ratio of the species' mean pre-oviposition abdomen volume to mean
carapace length (cubed) (carapace length was used to correct abdomen
volume to spider size). Portia fimbriata distended its abdomen the
most, followed by Euophrys, and then P. labiata, and P. schultzi.
The ratio was lowest in Phidippus. However, given the large withingroup variation (e.g., Phidippus, P. labiata) and the small sample
sizes for most species, the validity of this ranking is uncertain.

Table 3:

Abdomen distension data on females of 5 species of Salticidae.
parentheses.

N

sample sizes.

Ranges given in

Mean difference in
abdomen volume before
and after oviposition
(mm 3 )

Mean batch
size

707./1
(378.2-1178.6) .

562.2
(198.6-1027.8)

1/17.5
(76-255)

5.38

Portia
---scnultzi
N-8

235.6
(167 .6-39 /!.3)

168./1
(73.3-218.9)

28.8
(14-70)

3.68

Portia
----rabIata
N-23

1,52.1

(167.6-707.9)

278.3
(73.3:-531.2)

59.2
(2 /1-83 )

Euophrys
parvula

IH.5
(70.0-212.1)

91.4
(23.0-182.7)

19.4
(11.25 )

2.35

449.9
(366.5-527.8)

263.1
(186.9-330.3)

37.5
(22-55)

3.50

Species

Phidippus
OtlOSUS

Mean volume of abdomen
before oviposition (mm3

)

Mean
carapace
length

Ratio of abdomen
pre-oviposition
volmue to cal-apace
length (cubed)

N-8

6.51

N-2/j

Portia
--n:Iiibriata

N-6

10.36
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VARIATION IN EGG SIZE
A regression (Fig. 2) for non-Portia species of egg volume (Table
4) against body length (cubed) was significant at the 95% level. Portia

schultzi oviposited eggs within the size range expected for an 8-mmlong salticid, according to this regression. However, smaller than
expected eggs were oviposited by P. fimbriata (slightly smaller) and

P. labiata (considerably smaller). The mean egg volume of P. labiata
was smaller than that of P. schultzi (t=3.23, p<0.01) and P.

fimbriata (t=2.20, p<O.OI). There were insufficient data to determine
whether egg size changed over successive batches.

3

Table 4: Mean egg volumes (mm ) and standard deviations (in parentheses)
for 17 species of sa1ticids. Ranking: body length of females,
smallest to largest.

N

Mean volume

Ranking

Holoplatys sp.*
Brettus adonis*
Euryattus sp.

39
19
5

1.51(0.40)
1.59(0.14)
1.70(0.12)

4
9
5

Helpis minutabunda*
Sp.l
Lyssomanes viridis*
Gyrba algerina*

84
3
39
13

2.58(0.28)
2.65(0.10)
2.75(0.10)
2.88 (1. 53)

8
3
14
1

Portia labiata*
Portia schultzi*
Portia fimbriata*
Asemonea tenuipes

168
54
12
5

3..49(0.53)
3.85(0.97)
3.96(0.61)
3.99(0.37)

15
10
13
2

Trite auricoma*
Euophrys parvula*

75
.3.3

4.56(1.22)
4.73 (1. 20)

6
7

Phidippus otiosus*
Phi dipp us regius*

24
.33

6.34(0.36)
6.39(0.57)

16
17

Bavia aericeps*
Plexippus paykulli*

15
25

7.02(0.65)
7.46(0.40)

11

Species

* species

for which N > 10.

12
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Fig. 2: Regression line for mean egg size v. female size (cubed body
length). Open box=mean egg size of P. schultzi. Solid dot=
mean egg size of P. fimbriata. Open dot=mean egg size of

P. labiata.
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DIFFERENCES IN BATCH SIZE BETWEEN SEQUENTIAL BATCHES
All of the studied salticid species were

¥

it~oparous

(i.e., females

oviposited more than once). Batch size decreased in successive batches of
the three Portia species, the regression coefficients for P.
fimbriata, P. labiata, and P. schultzi being -2.801 (F=14.171j N=87j
p<0.025), -4.063 (F=36.383j N=179j p<O.OOl), and -3.559 (F=42.079j N=50j
p<O.OOl), respectively (Fig. 3). Similarly, maximum batch sizes always
occurred in the first batches of Astia, Cyrba, Helpis, Holoplatys,
Lyssomanes, Plexippus, Sp.l, and Sandal odes , but data for these
species were too few for statistical analysis. In contrast, batch size
did not change significantly over successive batches in Euophrys
(F=1.813j N=36) nor did it in Trite (F=3.l8j N=14).
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Fig. 3: Regression lines for batch sizes v. batch number of Portia
fimbriata (Y = 47.74 - 2.80X), P. labiata (Y = 69.52 4.06X), and P. schultzi (Y = 42.47 - 3.56X), with standard
errors.
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TIMING OF OVIPOSITION
The length of the inter-oviposition period did not vary
significantly between successive batches in Portia (mean and maximum
number of batches per female were 3.9 and 8, respectively;

N~237)

nor in

Euophrys (mean and maximum number of batches per female were 1.9 and 4,
respectively; N=15). The mean length of time between ovipositions was
28.4 days for P. fimbriata (N=66), 25.6 days for P. labiata (N=130),
and 27.9 days for P. schultzi (N=42). Roughly similar intervals were
apparent in the sparse data for six other salticids--Cyrba (16.5 days;
N=2), Euophrys (20.6 days; N=16), Lyssomanes (19.2 days; N=2),

Plexippus (44.0 days; N=3)--although considerably shorter intervals
were observed in individual Holoplatys and Trite (5 and 7 days, respectively).
FERTILITY OF BATCHES
Of the 318 batches oviposited by Portia during this study, 42
(13%) were "mixed batches" in which infertile eggs made up 14-15% of the
total number of eggs in the batch. Infertile eggs were readily distinguishable from fertile eggs even shortly after oviposition because they
. lacked polarity. If females were not paired up with males after ovipositing a mixed batch, the next batch was usually completely infertile; but
females that mated a second time subsequently produced fertile batches.
Female Portia often ate their infertile batches 1-2 days after
oviposition. Otherwise, the viscous egg mass was left untouched and it
dried up into a hard, compact conglomeration. Infertile batches of

Portia were significantly smaller (mean size: 35.17 eggs) than their
fertile batches (mean size: 56.03) (F=18.274; df=I,56; p<O.OOI).
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DISCUSSION
The latitude and environmental stability of the habitat in which an
animal lives (Cody 1966; Pianka 1970; Van Do1ah and Bird 1980), the body
size of females of a species (Enders 1976b; Fenwick 1984; Stearns 1984),
and the animal's foraging strategy (Enders 1976b) have each been
discussed as important influences on how animals apportion their reproductive effort. It is of interest to consider whether these same factors
are important for Portia and other sa1ticids.
THE AFFECT OF LATITUDE
According to Cody's (1966) "General Theory of Clutch Size", the
climatic stability of low latitudes has favoured clutch sizes that are
smaller than those of similar species found in generally less stable
climates at high latitudes. Stable environments may also favour less
frequent oviposition (Pianka 1970) and larger eggs (Van Do1ah and Bird
1980). These hypotheses would lead us to predict that Portia, a
primarily tropical genus, should oviposit smaller batches of larger eggs
less often than similar temperate species.
I found that Portia did in fact oviposit slightly smaller batches
than similar size salticids for higher latitudes. The mean batch size of
P. schultzi, an 8-rom-1ong spider, was 30 eggs, whereas larger batches
were oviposited by the two 8-rom-1ong species from a higher latitude
(Florida), Lyssomanes viridis (c. 43 eggs, ·.Richman and Whitcomb 1981;
60 eggs, this study) and Phidippus insignarius (c. 47, Edwards 1980).
Portia fimbriata and P. labiata, both c. la-rom-long, oviposit 40 and
58 eggs per batch, respectively, which are slightly fewer than the
numbers oviposited by three similarly sized sa1ticids from higher
latitudes: Phidippus johnsonni, 30-85 eggs per batch (Jackson 1978);
P. princeps, c, 68 eggs per batch (Edwards 1980); Thiodina sp., 50
eggs per batch (Cutler 1979). Even within the genus, batch sizes of
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Portia varied with latitude: the species with the smallest batch size,
o

P. schultzi, inhabits the lowest latitude (3

S), and the species with

the largest batch size, P. fimbriata, inhabits the highest latitude
o
(15

S).

I found that, also consistent with the hypotheses derived from
studies of other animals, the eggs of Portia and the other tropical
salticid species investigated (Bavia, Brettus, Helpis) were larger
than those of the higher latitude species studied (Table 4),
Although, according to the above hypothesis, oviposition would be
expected to be most frequent in species from habitats of higher
latitudes, data for salticids are inconclusive. Three temperate
o

(latitude: 35-44 ) salticids, Euophrys, Metaphidippus galathea, and
Phidippus johnsonni oviposit once every 15-30 days (Horner and Starks
1972; Jackson 1978). However, the length of the interoviposition period
o

of Portia, a tropical (latitude: 3-15 ) genus, is 25-28 days, and falls
within the range for temperate salticids. However, some of the intrageneric differences in the length of the interoviposition period apparently reflect intrageneric differences in latitude. For both of the
larger Portia species, P. fimbriata and P. labiata, the length of
the interoviposition period (28.4 and 25.6 days, respectively) was ranked
o

as expected for their latitudes (15

o

Sand 7

N, respectively).

The possibly limited effect of latitude on oviposition in Portia
and other salticids may be explained by more recent ideas about latitude
and environmental stability. Traditionally, the large semelparous
clutches of high latitude species were considered to be a response to the
clearly annual cycle (i.e., a type of "instability") and the distinct,
short growing seasons of their habitats. The frequent oviposition of
smaller batches by similar low latitude species was considered to have
evolved because their more "stable" habitats allowed the species to
spread their reproductive effort over the year (Cody 1966). As Labeyrie
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(1978) points out, however, low latitudes can also be highly cyclic
(e.g., wet v. dry seasons; see Tanaka and Tanaka 1982), with short
growing seasons. Furthermore, a habitat's "stability" is relative,
depending on the relationship between the timing and length of (1) the
environmental fluctuations and (2) the life cycle of the species in
question. If the life cycle is shorter than or has a dormant period
during the environmental fluctuations, then the animal's habitat is
stable. If the fluctuations occur during the active stages of an animal's
life cycle, then the habitat is unstable (Horn 1978).
Since Portia has a c. 1.S-year life span (Chapter 3), frequent
oviposition of smaller batches of larger eggs would be expected for
species from fluctuating habitats. The habitat of only P. fimbriata is
distinctly seasonal, and females oviposit during the highly unstable
monsoon season (Jackson and Hallas 1986a). As expected, their batch sizes
are smaller and egg sizes larger than those of P. labiata, a species
similar to P. fimbriata in most respects except that its habitat is
much more stable with respect to rainfall (Johnson 1969; Burbridge 1970;
Ojany and Ogendo 1973). Although the more unstable habitat of P.

fimbriata might be predicted to have selected for a higher frequency of
oviposition, this was not observed. However, a reproductive strategy of
ovipositing smaller batches of large eggs may be an adaptation by many
spiders to enhance survival of dispersing spider1ings as proposed by
Schick (1972).
THE AFFECT OF FEMALE SIZE
It has been noted for many anirnal groups that batch size, egg size,
and frequency of oviposition are greater for species with females of
larger body sizes (Enders 1976b; Fenwick 1984; Stearns 1984). Studies of
confamilial spider species include: two Clubiona and two undetermined
species (Clubionidae)(Austin 1984); four Pardosa species (Lycosidae)
(Kessler 1971); three Pardosa and one Alcpecosa species (Lycostrlae)
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(Workman 1979); and four Polybetes species (Eusparassidae)(Galiano
1971). That larger females have larger batch sizes is also known to hold
true of individuals of the same species of the hunting spiders Clubiona
robusta (Austin 1984), and Lycosa palustris, L. pullata, L. prativaga
(Petersen 1950), and the web-builders Agelenopsis potteri (Harrington
1978), Mecynodea lemniscata and Metepeira labyrinthea (Wise 1979).
It seems that the relationship between female size and egg size in
spiders is not as consistent as that between female size and batch size.
According to Austin's (1984) study of four clubionid species and Kaston's
(1970) study of three Latrodectus species (Theridiidae), egg size
increases with female size for some related species but not all.
Based on these observations, Portia, as a relatively large
salticid, would be expected to oviposit larger batches (possibly with
larger eggs) more frequently than smaller salticids; and in fact, the
batch sizes of Portia are similar to those of other 8- to 10-mm-long
salticids (see Table 2 and data from literature cited in the preceding
section). This is despite the fact that Portia is one of the few
species in which

th~

female's abdomen becomes spherical when gravid, and

therefore more voluminous than the (cylindrical) abdomens of most other
salticids. Furthermore, even the intrageneric differences in batch size
of the Portia species parallel differences in body size (cf. the 30
eggs per batch of the 8-mm-Iong P. schultzi with the 40 and 58 eggs per
batch of the 10-mm-Iong P. fimbriata and P., labiata, respectively).
In contrast, the eggs oviposited by P. labiata were significantly
smaller than those of P. fimbriata (a similarly sized species) and P.
schultzi (a smaller species). However, this finding is not too
surprising in light of the loose correlation reported between these
traits in clubionids (Austin 1984) and theridiids (Kaston 1970).

71
How might female size affect batch and egg size? Morphologically,
large species have proportionately larger abdomens than small species,
when abdomen shape is the same. If provided sufficient food, these large
species probably can accumulate and store more fat and other nutrients in
their abdomens than small spiders, to be converted into more and/or
larger eggs (through greater quantities of yolk)(see Holm 1940; Wild
1969; Kessler 1971; Wise 1979). The maximum possible volume of a spider's
abdomen provides an upper limit on the volume of eggs it can oviposit at
anyone time. Egg volume will be the product of egg size and the number
of eggs.
Inconsistent with the proposals of Fenwick (1984) and Stearns
(1984), the frequency of oviposition appears to be inversely related to
body size in the few salticids for which there are data. For the smallest
studied species, Metaphidippus galathea (5-mm-long), oviposition occurs
once every 14.6 days (Horner and Starks 1972), whereas Euophrys (6-mmlong) oviposited once every 20.0 days. Portia schultzi (8-mm-long)
oviposited once every 27.9 days, and P. fimbriata and P. labiata
(lO-mm-long), once every 28.4 and 25.6 days, respectively. The largest

,
studied species, Phidippus johnsonl

(12-mm-long) oviposited once every

30.0 days. The causes for the apparently unusual, inverse nature of this
relationship in the Salticidae are not known.
THE AFFECT OF FORAGING STRATEGY
Enders (1976b) noted that spiders that are web-builders or ambushers
(i.e., relatively sedentary, inactive predators) have batch sizes larger
than those of similar-size spiders that more actively hunt for prey.
Because Portia builds webs, it might be expected to oviposit larger
batches than similarly sized, typical cursorial salticids, yet the batch
sizes of Portia were comparable to those of other 8- to 10-mm-Iong
typical, non-web-building salticids. Enders' generalisations do not seem
to be very useful when comparing salticids species. One complication is
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that Portia is not simply a web-building salticid. It is both a webbuilder and a cursorial hunter. Interestingly, Enders found that the
Agelenidae, a family of spiders that build non-sticky sheet webs and seem
to overtake their prey very actively on these webs, had batch sizes that
were not significantly different from those of non-web-building families
such as the Salticidae. Obviously, web-building spiders are a diverse
group of spiders with respect to life-style.

CONCLUSION
The most interesting finding of this study is that Portia is,
overall, like the other studied, more ordinary salticids in its
oviposition biology, despite it being an unusual salticid in its
mo~hology

(Wanless 1978; Blest 1984) and behaviour (Jackson and Blest

1982; Jackson and Hallas 1986a).
Of the four oviposition traits studied in Portia, batch size, egg
size, and frequency of oviposition are generally consistent with what is
known about these traits, and their relationships with latitude and
female size, in other species of the Salticidae and other spider
families. The relatively large batches and large eggs of the three
Portia species investigated seem to be associated with the tropical
distribution of the genus and the relatively large size of female
Portia. Contrary to Enders' hypothesis (1976b), which would predict
large batches in Portia because of its web~building life-style, I found
that the batch sizes of Portia were not unusual for salticids from
the same latitude and of the same body size. Although Pianka (1970) noted
that the frequency of oviposition also seems to be related to latitude
and female size in some animal groups (species from high latitude and/or
large body size species oviposit more often), only the effect of latitude
in this study was as Pianka would have predicted; the effect of female
size on frequency of oviposition appears to be the inverse of the trend
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Pianka observed in other animals. Batch sizes of the three Portia
species fluctuated over successive batches, as has been reported for
some, but not all, other studied salticids. This trait follows no obvious
pattern in salticids, and it appears to be unrelated to latitude, female
size, and foraging strategy.
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CHAPTER 5: THE ONTOGENY OF BEHAVIOUR IN PORTIA FIMBRIATA, P.LABIATA AND
P. SCHULTZI, WEB-BUILDING JUMPING SPIDERS (ARANEAE, SALTICIDAE)

INTRODUCTION
The Salticidae is a large family of cursorial hunting spiders.
Unlike web-building spiders that spin large prey-catching webs, salticids
actively stalk, chase, and leap on insects, restricting silk use to the
construction of sperm webs, egg cases, tubular nests (or 'retreats'), and
the trailing of draglines. The complex eyes of salticids distinguish them
as one of the major groups of animals with acute vision (Land 1985).
Salticids of the primarily tropical genus Portia have been
considered primitive because of the plesiomorphic condition of key
morphological traits (Wanless 1978,1984a; Blest 1983). Field and laboratory observations of adult Portia fimbriata from Queensland have
revealed the following aberrant behaviours: building of large preycapture webs; invading webs of other spiders; using a complex repertoire
of behaviours to produce vibrations on the alien silk, thus deceiving the
host spider to the predator's advantage (aggressive mimicry); eating the
host spider (araneophagy)j eating insects in the host spider's web
(kleptoparasitism)j eating the eggs of the host spider (oophagy)j using a
specialised behaviour (cryptic stalking) to capture salticids (Jackson
and Blest 1982).
On the basis of their study of P. fimbriata Jacksori and Blest
(1982) formulated a hypothesis of the evolution of salticids which
included the proposal that salticid ancestors resembled Portia by being
web-builders, web-invaders, aggressive mimics, and araneophagic, kleptoparasitic, and oophagic predators. Cryptic stalking was considered to be
a secondary adaptation to living in the unique salticid-rich Queensland
habitat. Comparative behaviour studies of five species of Portia (P.

africana, P. albimana, P. fimbriata, P. labiata, and P. schultzi)
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(Jackson and Hallas 1986a), and of the structure of salticid visual
systems (Blest 1983) have provided evidence in support of Jackson and
Blest's hypothesis. Each of the key behaviours, except cryptic stalking,
occurs in all species, despite the diverse habitats occupied by Portia.
Because interspecific variation in behaviour has been used in
erecting and evaluating hypotheses about salticid evolution, one goal of
this study is to experimentally examine the assumption that genetic
differences are responsible for interspecific behavioural differences.
Deprivation experiments were carried out: the predatory behaviour of
juvenile Portia that had been denied prior experience with specific
types of prey is compared with that of "control" Portia that had
received prior experience with these same prey. Also, a normative
assessment of the behavioural development of the control Portia was
carried out because some developmental changes in behaviours might
provide evidence for evolutionary changes in the Salticidae (see
Nelson 1973; Fink 1982).

METHODS
GENERAL
Three species of Portia were studied: P. fimbriata (Queensland),
P. labiata (Sri Lanka), and P. schultzi (Kenya). Cage design,
maintenance procedures, terminology, and methods of testing for key
predatory behaviours were as described elsewhere (Jackson and Hallas
1986a), except where stated otherwise.
Eggs were taken from females that matured, mated, and oviposited in
the laboratory, after being collected as large juveniles in the field
several months earlier. Each egg case was removed from the female and
placed in an incubator (for description of design: Chapter 2). Spiderlings that had hatched and dispersed from egg cases (i.e., "first
instars") were separated and housed individually in plastic cages.
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Juvenile ins tars were designated by successive numbers until spiders
moulted into adult males or females (instars 7-8 for P. fimbriata,
instars 6-9 for P. labiata, instars 5-7 for P. schultzi).
NORMATIVE ASSESSMENT
Juveniles were housed individually in large cages and provided with
leaf detritus. Under normal rearing procedures, juveniles could feed ad
libidum on a mixed diet of fruit flies (Drosophila spp.) and various
web-building and cursorial spiders, including cursorial salticids (Table
1).

Web-building behaviour was recorded for each instar, as were the
area of the horizontal platform (Type 1 web: see Jackson and Blest 1982)
spun by Portia and the platform's position in the large 3-dimensional
(Type 2) web. The height, width, and depth of Type 2 webs were also
recorded.
Individual Portia were randomly selected for formal observations
of behaviour with web spiders and/or salticids as potential prey and of
intraspecific interactions. For observations of predatory behaviour, a
given spider was tested only once per instar with each type of prey, but
after moulting to the next instar, it was again tested. For instars 1-6
of each species, 10-30 tests were carried out for both types of prey.
For observations of intraspecific interactions thirteen pairs of P.
labiata (third instars) were introduced into bare cages and observed
for 30 min each.
EXPERIMENTAL MANIPULATIONS
Experiment l:Prior experience with web-spider prey
Fourteen P. labiata from a single egg batch were reared in the
normal manner except that their diet consisted of fruit flies (see Table
1)

only. During its third instar, each Portia spiderling was tested for

the first time with web-spiders on Portia's own web.
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Table 1:

Arthropods used in maintenance and rearing (R), tests in
normative assessment (NA) , and tests in experimental
manipulations (Expl, Exp2, Exp3) listed alphabetically.
Drosophila species: fruit flies. All other species: spiders.

Species

Family

Utilisation

Achaearanea sp.
Anzacia gemma (Dalmas)
Arachnura feredayi (L. Koch)
Araneus pustulosus (Walckenaer)

Theridiidae
Gnaphosidae
Araneidae
Araneidae

R, NA, Expl, Exp2
R
R, NA,
R, NA, Expl, Exp3

Badumna longiquus (L. Koch)
Bavia aericeps (Simon)

Amaurobiidae
Salticidae

R, NA, Expl, Exp3
Exp3

Cambridgea antipodiana (White)
Cheiracanthium stratioticum
(C. L. Koch)
Clubiona cambridgei (L. Koch)

Stiphidiidae
Clubionidae

R, NA, Exp3
R

Clubionidae

R

Dolomedes minor (L. Koch)
Drosophila immigrans (Sturtevant)
Drosophila melanogaster (Meigen)

Pisauridae
Drosophilidae
Drosophilidae

R, NA
R, NA, Exp3
R, NA

Euophrys parvula (Bryant)

Salticidae

R, NA, Exp2

Holoplatys sp.

Salticidae

R, NA, Exp2

Salticidae
Theridiidae
Lycosidae

Exp3
R, NA, Expl
R, Expl

Marpissa marina (Goyen)

Salticidae

R, NA, Exp2

Neoramia setosa (Bryant)

Agelenidae

R

Porrothele antipodiana
(Walckenaer)

Dipluridae

R, NA

Steatoda sp.

Theridiidae

R, NA, Expl

Tetragnatha sp.
Tegenaria domestica (Clerck)
Trite auricoma (Urquhart)
Trite planiceps (Simon)

Tetragnathidae
Agelenidae
Salticidae
Salticidae

R, NA
R
R, NA, Exp2
R, NA, Exp2

Lagnus kochi (Simon)
Latrodectus katipo (Powell)
. Lycosa sp.
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Experiment 2:Prior experience with salticid prey
Forty P. fimbriata (from eggs of two females) were reared under
normal conditions except that each was fed spiderlings from nursery webs
of Dolomedes minor (Pisauridae). Portia were tested with salticids as
prey for the first time during their third instars.
Experiment 3:Prior experience with insects in alien webs & spider eggs
Portia were reared on the normal diet. Before testing, they were

starved for 5 days, then put into a new cage containing either fruit
flies ensnared in alien webs (P. fimbriata: 20; P. labiata: 12; P.
schultzi: 7) or spider egg cases (P. fimbriata: 20; P. labiata: 10;
P. schultzi: 5). The initial encounter between the Portia and the

eggs or fruit flies was observed and then Portia were left with these
potential prey items for 3 days, after which time the flies and eggs were
examined for signs of having been fed upon. First, second, and third
instar Portia were tested.

RESULTS
PREDATORY BEHAVIOUR
The behaviour of juveniles at each ins tar was qualitatively like
that of adults of the same species, and no behaviour unique to juveniles
was observed. Brief descriptions of predatory behaviour will be provided
here (for details, see Jackson and Blest

1~82,

Jackson and Hallas 1986a).

The Portia usually walked onto alien webs slowly, then performed
silk manipulating behaviours that produced vibrations. To 'flutter "
forward extended palps and/or legs rapidly oscillated against the silk;
to 'pluck', palps and/or legs were forcefully extended or flexed, pulling
and/or pushing the silk; and in 'strike', upraised palps and/or legs were
rapidly lowered onto the silk.
The 'host' spider often approached Portia as it would nonnally
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approach a trapped prey item. If the host remained unresponsive, Portia
continued to vibrate the silk while stalking across the web. In either
case, Portia usually did not attack until within one or two body
lengths away. While on the alien web, Portia sometimes fed on entrapped
insects (kleptoparasitism) or spider eggs (oophagy) after orienting and
walking towards them.
Only P. fimbriata used cryptic stalking behaviour to pursue
salticids: it approached the salticid, with palps held beside the
chelicerae and angled ventrolaterally; it froze when the salticid turned
to face it, not resuming approach until the salticid faced away; and it
pounced and fed on the salticid when one to two body lengths away. Other

Portia species, not performing cryptic stalking, were much less
efficient at capturing salticid prey. Often they displayed (see below)
when they faced a salticid, thus rendering themselves more, instead of
less, conspicuous.
WEB-BUILDING BEHAVIOUR
Adult females and juveniles of all instars of all species spun Type
2 webs. Beginning with the third instar, each species hoisted leaves into
their webs, by the sequential spinning of new threads and the tightening
and/or severing of existing strands. Males, however, ceased to spin Type
2 webs once they were subadults (i.e., one instar from maturity). All
sex/age classes spun Type 1 webs, which were platforms only marginally
longer than the spider. Juveniles and adult females often incorporated
these platforms into their Type 2 webs.
Since web structure was essentially the same for each of the three
species,

quanti~ative

analysis was carried out for only P. labiata. The

2

area (in rmn ) of Type 1 webs increased linearly with successive instars
3

(b=19.31,

~~10.83,

N=398, p<.OOl)(Fig. 1), as did the volume (in rom )

of Type 2 webs (b=60934.00, F=37.45,

N~363,

, p<.OOI)(Fig. 2).
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DEFENSIVE BEHAVIOUR
During periods of inactivity, all instars of each species of

Portia assumed a characteristic cryptic rest posture while on silk or a
leaf surface. Morphologically Portia resembled detritus, and the
cryptic rest posture enhanced this resemblance.
All sex/age classes of

P. labiata and P. schultzi performed

wild leaps (sudden vertical leaps of c. 0.5 m), that rapidly removed them
from the web and landed them on the ground. There they froze. Wild leaps
were not made by P. fimbriata.
INTRASPECIFIC INTERACTIONS
Adult Portia use a large and complex repertoire of behaviours
during intraspecific interactions, and some elements are speciesspecific (Jackson and Hallas 1986a). Juveniles performed a subset of the
repertoire characteristic of adults of the same species, namely the
displays used by adults during female-female interactions (for detailed
descriptions, see Jackson and Blest 1982, Jackson and Hallas 1986a).
Characteristic postures of legs and palps included: erect legs (legs I
and/or II extended about parallel at the substrate, pointing forward or
slightly to the side); hunched legs (legs I-III highly flexed at femura

patella and tibia-metatarsus joints, held 45

from forward or out to the

side); and lateral palps (palps held beside the chelicerae, angled
ventrolaterally). Characteristic patterns of movement included: waving of
either erect or hunched legs (moving legs up and down 1-3 rom in alternate
phase); swaying (leaning slowly from side to side while posturing);
charging (suddenly running 2-6 cm forward and stopping 1-4 mm in front of
conspecific); embracing (two spiders press the tarsi of their front legs
and pa1ps, and bases of their chelicerae together); and decamping
(walking, running, or leaping away from conspecific).
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EXPERIMENTAL MANIPULATIONS
The behaviour of third ins tars encountering web spiders (Experiment
1), salticids (Experiment 2), or eggs or insects in alien webs (Experiment 3) for the first time ever was qualitatively the same as the
behaviour of corresponding control POl-tia of the same species and
ins tar that had been exposed to this type of prey previously (during the
normative assessment of the ontogeny of behaviour). Although capture
efficiency or degree of stereotypy was not quantitatively assessed, no
differences in the number of elements present in the predatory behaviours
or their performance were evident from observations of experimentals and
controls.

DISCUSSION
There was no evidence to suggest that the behavioural repertoire of

Portia changed significantly during development. Generally behaviours
were performed normally by the juvenile Portia the very first time they
were elicited, regardless of the instar of the Portia. No juvenile

Portia seemed to learn a new behaviour. Although P. labiata and P .
. schultzi were provided with salticid prey during each instar, they did
not gradually adopt the cryptic stalking of P. fimbriata or become
efficient at capturing salticids. No predatory, display, or web-building
behaviour disappeared from the behavioural repertoire during ontogeny,
except that adult males stopped building Type 2 webs. wild leaping, webbuilding, intrasexual displays, the cryptic rest posture, and the
predatory behaviours characteristic of adults of each Portia species
were performed at every stage of development.
Interestingly, the leaf-raising behaviour involved in web-building
did change during development; this behaviour appeared in the third
instar, then disappeared from the repertoire of subadult and adult males.
Since Portia is a detritus mimic and rests on suspended leaves, perhaps
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the enhancement of crypsis provided by adding leaf debris to the web is
more critical to Portia as it increases in size. The abandonment of
leaf-raising behaviour and Type 2 web-building by males may be related to
their adopting a more nomadic life-style with approaching sexual maturity
(see Jackson and Blest 1982).
The use of behaviour in discussions of taxonomy and phylogeny rests
on the assumption that behaviour, like morphology, is genetically
determined. For example, the Jackson and Blest (1982) hypothesis of
salticid evolution from ancestors similar to Portia is based primarily
on differences in predatory behaviour and silk use between Portia and
all other salticids. I found that the species-specific behaviours of

Portia were present in their typical form in all instars regardless of
whether or not juveniles had been exposed to the appropriate stimulus
before testing, supporting the hypothesis that the interspecific
differences in behaviour are the result of interspecific genotypic
differences. Behaviour apparently provides distinctions between the
species of Portia that are equally as valid as those traditionally
provided by morphological characters, and are equally significant to
discussions of phylogeny.
Basically, juvenile Portia behaved like adults. That this would be
the case was not obvious since the behaviour of juvenile Euryattus sp.,
another salticid, is strikingly different from that of adults--juveniles
build large webs, but adults only rarely build webs (Jackson 1986b), This
change in the behaviour of Euryattus during development is in the
direction expected from Jackson and Blest's hypothesis of web-building
salticid ancestors, if ontogeny more or less recapitulates phylogeny (see
Gould 1982). However, juvenile Portia were found to be no more like the
hypothetical salticid ancestors than are adult Portia. In this resepct,
this study adds no additional support to Jackson and Blest's hypothesis.
It is significant that this study did not provide results that the
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hypothesis of Jackson and Blest would have difficult explaining, although
such findings were conceivable. For example, it was conceivable that

Portia might have built small, enclosing nests like those typical of
salticids instead of webs like adult Portia; or juvenile Portia might
have been primarily cursorial hunters of insects rather than araneophagic
web-invaders and aggressive mimics.

This has been one of the few studies in which experimental evidence
has been provided to justify the use of behaviour in spider phylogeny.
However, Robinson and Robinson (1976) carried out a study of behavioural
development in Argiope argentata and A. aemula, two species of orbweb builders (Araneidae). Adults of these two species perform different
prey-specific behaviours with different types of prey. Naive spiderlings
of these two species performed the same prey-specific behaviours with
each prey type as the adults. However, LeGuelte (1969) found that the
ability of Araneus diadematus and Zygiella sp. to find the retreat
areas of their webs improves with successive performance; and Forster
(1977b) reported that the predatory success of juvenile Trite auricoma
improves with experience. Although the

la~r

two studies might appear to

be at variance the findings of my study and that of Robinson and
Robinson, it should be noted that no study has shown that a spider adopts
new behaviours as a result of experience appropriate for that behaviour.
In general, behaviour seems to be as useful as morphology in making
phylogenetic inferences about spiders.
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CHAPTER 6: THE ORIGINS AND EVOLUTION OF PREDATORY BEHAVIOUR IN

PORTIA (SALTICIDAE, SPARTAEINAE), ARANEOPHAGIC JUMPING SPIDERS

INTRODUCTION
Portia is a genus of spider-eating ('araneophagic') jumping

spiders (Salticidae) which prey primarily on web-building spiders
(Jackson and Blest 1982; Jackson and Hallas 1986a). Portia regularly
uses aggressive mimicry to capture web spiders: specialised vibratory
behaviours (fluttering, plucking, striking) performed by Portia on the
web silk lures in web spiders close enough to be attacked.
Aggressive mimicry, as practised by Portia, has formal
similarities to intraspecific communicatory displays. Displays, as a type
of signal, transmit specialised information from a sender to a receiver.
They are distinct from other types of signals in that the information is
transmitted through the behaviour of the sender, rather than by its
coloration or chemistry. The sender manipulates the receiver by providing
a stimulus, the display, to which the receiver responds.
"Ritualisation" is the evolution of a display behaviour from
antecedent non-display behaviours present in the animal's behavioural
repertoire. During ritualisation, the form of the antecedent behaviours
changes by the omission, exaggeration, or re-coordination of elements, or
by the freezing of movements into postures. Thus the new, ritualised
behaviour is different in form from its original, antecedent behaviour.
The ritualised behaviour often becomes stereotyped so that it's form
varies little or not at all from one performance to the next. Finally,
the ritualised behaviour (i.e., the "display") comes to be elicited
consistently by a new stimulus and is no longer performed in its original
context (i. e., it is said to be "emancipated"). Concurrent with ritualisation, the performer's morphology may change in a way that enhances its
ability to manipulate the receiver through the display (e.g., colour
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spots that act as signals might evolve in locations that are especially
visible during the performance of a display).
The vibratory behaviours of Portia are specialised behaviours that
elicit a response (e.g., approach to source of vibration), albeit
inappropriate, by their receiver, the web-spider prey of Portia. The
objective of this paper is to explore possible routes for the ritualisation of the vibratory behaviours of Portia from their non-display
antecedent behaviours. Because likely candidates for antecedent
behaviours include the responses of Portia to disturbances and the
behaviours related to grooming, these behaviours will be described for
the first time in this study.
P. fimbriata from Queensland is unique among the species of
Portia in that it routinely preys upon a type of prey with well
developed vision, namely, other salticids. By performing the specialised
behaviours of "cryptic stalking" P. fimbriata is able to conceal its
presence from the salticids abundant in its habitat (Jackson and Blest
1982; Jackson and Hallas 1986a) and capture them. Since cryptic stalking
behaviours conceal P. fimbriata, their performer, from salticids, they
. are anti-communicatory and therefore not displays. However, like displays
cryptic stalking behaviours probably arose from other antecedent
behaviours in the spider's normal repertoire of behaviour. A second
objective of this paper is to consider possible routes of the evolution
of cryptic stalking in P. fimbriata.

METHODS
Adults of three species of Portia (P. fimbriata from Queensland,
P. labiata from Sri Lanka, and P. schultzi from Kenya) were maintained in conditions as described by Jackson and Hallas (1986a)(see
Appendix I for details on species). The grooming behaviours and startle
responses of Portia were observed for periods lasting 20-180 min. For
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this study, a startle response was any behaviour elicited by disturbances
such as being blown on or prodded, having the cage opened or knocked, or
having something suddenly shift across, in, or out of the visual field.
Several behavioural sequences were recorded on video-tape.
conventions for describing behaviours, which were as in earlier
studies (Jackson and Hallas 1986a), include: amplitude is the distance
between extremes of a movement; duration refers to the total time to
return to the initial position; descriptions of movement direction are
simplified to up (dorsally), down (ventrally), back (posteriorly),
forward (anteriorly), outward (laterally), and inward (medially);
"matching phase" refers to movement of appendages to the same extreme of
a movement (e.g., up) simultaneously, and "alternating phase" to
o

movements with a 180

phase difference; legs are specified as I-IV

(anterior to posterior).
Similarly, the names of palp positions are as in earlier studies
(Jackson and Hallas 1986a) and include the following: frontal positionpalps held parallel to and in front of the chelicerae, tips 0.5-1.0 mm
apart (see Fig. 1);- forward-frontal position- palps held almost parallel
to the substrate because of more flexion in the trochanter-femur-tibia
joints, tips 0.5-1.0 mm apart (see Fig. 2); downward position- palps
extended ventrally from the femora along side the chelicerae, with the
tarsi angled nearly perpendicularly downward.

SUMMARY OF INTERSPECIFIC (PREDATORY) DISPLAYS AND INTRASPECIFIC DISPLAYS
Elsewhere (Jackson and Blest 1982; Jackson and Hallas 1986a),
predatory behaviours have been described in detail. The relevant descriptions are summarised here.
VIBRATORY BEHAVIOURS
All sex/age classes perform these vibratory behaviours, regardless
of prior experience (see Chapter 4). In any nne predatory encounter,
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Fig.I: Portia with palps held
in frontal position.

Fig.3: Portia holding a palp in its
chelicerae before palp chewing.

Fig.2: Portia with palps held in forward-frontal position, left:
frontal view, right: lateral view.

Fig.4: Portia performing palp
swipe. Arrows show the
direction movement.

Fig.S: Portia performing palp
brushing, Circle and arrow
show the direction of movement of forward-most paip.
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Portia may perform one, two, or all of the following vibratory
behaviours, in varied sequences.
Flutters are made by rapidly flexing and extending both of a pair
of forward extended palps (amplitude=1 mm) or of legs I and II (amplitude
=2-4 mm) at the coxa-trochanter joints in alternating phase against the
silk (speed=5 Hz).
To strike, almost fully extended forelegs are raised forward
(amplitude=2-3 mm) by extension at the coxa-trochanter joints and then
lowered onto the silk in matching phase, usually just once.
When plucking, Portia forcefully flexes, extends, or both one or
more limbs one or more times, pulling or pushing the silk. Speed and
duration of plucking are highly variable. To palp pluck, the pa1p is
extended forward and then flexed at the coxa-trochanter or femur-patella
joint (amplitude=O.5-2 mm). To pluck with the legs, the legs are held
below the body. Flexion at the coxa-trochanter joint or the tibiametatarsus joint brings about a pluck of usually 1-2 mm amplitude.

CRYPTIC STALKING
While cryptic stalking, P. fimbriata holds its palps beside the
chelicerae, angled ventrolaterally. Although the normal locomotion of
Portia is slow and mechanical, these traits are exaggerated during the
cryptic stalking of P. fimbriata. Much choppy waving of the legs (held
to the side, and bent at the femur-patella joint) occurs. Whenever the
prey faces P. fimbriata, Portia stands immobile ("freezes") until the
prey turns away_ In contrast, when P. labiata and P. schultzi are
presented with salticid prey, they respond by normal stalking behaviour,
decamping, or occasionally performing elements of their intraspecific
displays "swaying" and "hunched leg" waving (see below). Only sometimes
do these Portia respond to salticids with isolated elements of cryptic
stalking such as briefly holding the palps ventrolaterally during nonnal
stalking or temporarily halting normal stalking when faced by a salticid.
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INTRASPECIFIC DISPLAYS
Striking with legs is performed by slowly raising the legs I and
then rapidly lowering them, almost fully extended, against the substrate
while advancing up to 5 rom.
o

During hunched leg waving, legs I-III (flexed 90

at the femur-

patella and tibia-metatarsus joints) are held out to the side and slowly,
asynchronously raised and lowered (amplitude=3-S rom; speed=1-2 Hz).
Usually the palps are held in the frontal (Fig. 1) or downward positions.
Swaying often accompanies hunched leg waving. While the hunched
legs are being raised and lowered out to the side, the Portia leans
slowly from one side and then to the other (amplitude=S-8 rom). As the
Portia changes sides, it takes small (c. 1 rom) steps forward.

RESULTS
GROOMING BEHAVIOUR
Observations showed that Portia groomed the palps and legs often.
They consistently groomed after having contacted "foreign" material such
as a dead insect, dust, or the walls of a new cage. Also, contact with
. alien silk, through being introduced into an alien web, generally
stimulated Portia to groom. Portia regularly performed the grooming
behaviours after having discarded consumed prey. I observed that Portia
in their own webs frequently groomed spontaneously (i.e., in the absence
of any apparent stimulus to groom). Sometimes when Portia groomed while
on silk, either in its own web or in an alien web, the movement of the
palps and/or legs could be seen to generate minor localised vibrations of
the silk.
There were no apparent interspecific or intersexual differences in
the behaviours performed during palp and leg grooming. Generally, there
were two basic methods of grooming the appendages: by drawing an
appendage through the chelicerae (palp chewing and leg chewing); and
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by rubbing appendages against each other (palp swiping, palp brushing,
and leg brushing).
Grooming of the Palps
Before bouts of palp grooming, the palps were brought into the
frontal position (Fig. 1). In palp chewing one palp was placed between
the fangs just distal to the femur-tibia joint, which was fully flexed
o

(180 ). The femur and all segments distal to it were parallel to the
substrate, with the femur pointing forwards and the remaining segments
pointing backwards (Fig. 3). The femur-patella joint was slowly extended
while the femur was raised, with the result that all segments but the
femur and patella were progressively drawn forward through the chelicerae
and fangs from proximal to distal segments (duration=c. 2 s). The chelicerae moved out then in (amplitude c. 0.5 rom) in matching phase, as the
fangs swung down then up (amplitude c. 0.5 rom) asynchronously at c. 3 Hz.
A palp was usually chewed once, occasionally twice, before the second
palp was chewed. Bouts of palp chewing lasted 4-30 s.
To begin palp swiping, the palps were held in a forward-frontal
position (Fig. 2), except that the tip of one palp was 0.5 rom higher that
the other (through greater flexion at its trochanter-femur joint). The
higher palp was drawn inward and down c. 1 mm while the opposite palp was
drawn inward and up, so that the distal inside surfaces of the palps
brushed against each other (Fig, 4). An entire movement consisted of each
palp being lowered then raised, followed by the second palp being lowered
then raised, and took c. 1 s. Occasionally, only half a movement was
performed (i.e., only one palp was lowered then raised), or the entire
movement was repeated several times with one palp alone.
Palp brushing was performed in two positions: frontal and
forward-frontal. In both positions one palp was held slightly more

forward than the other. Minute flexions and extensions at the coxatrochanter and femur-patella joints caused the tip of the forward palp to
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move in, down, out, and then up in a circle (diameter 1-1.5 mm). As the
palp tip moved downward it passed in front of the other palp, whereas
during the upward movement it passed behind the other pa1p. An entire
movement (c. 0.3 s) resulted in the back and front of each palp brushing
against the corresponding part of the other palp (Fig. 5). Bouts lasted
1-5 s.
Grooming of the Legs
In leg chewing a leg was placed between the fangs just distal to
the femur-patella or patella-tibia joint of the leg, so that the distal
leg segments were adjacent to and below the body. As in palp chewing, the
chelicerae and fangs opened and closed on the limb (c. 3 Hz) as the leg
was drawn through them, from proximal to distal segments. A leg was
chewed in 2-3 s. One or several legs could be chewed in any given bout,
and there appeared to be no special order in which legs were chewed.
In leg brushing leg IV was raised c. 4 mm and drawn backwards (by
flexion at the coxa-trochanter-femur joints) while Portia leaned to the
side away from the raised leg. The leg was repeatedly lowered and raised
(c. 5-7 Hz), brushing against the side of the abdomen with each downward
motion. Immediately afterwards, a similar series of movements of legs III
and IV resulted in these legs brushing each other's adjacent sides. The
sequence was repeated with legs III and II, and then legs II and I (all
of the same side). Usually leg brushing was performed for one side
(lasting c. 10 s) then the other side. Occasionally leg'brushing ended
before all legs were groomed, or a pair of legs were groomed a second
time.
STARTLE RESPONSES
Various similar startle responses were observed in all three species
of Portia following a disturbance (as defined in the Methods). Brief
«

1 s) and/or mild (e.g., movement of something across Portia's visual
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field) disturbances resulted in Portia ceasing activity (freezing) for
as long as 10 s after the disturbance ceased. A stronger stimulus such as
opening or knocking the cage caused Portia to assume the cryptic rest
posture (Fig. 6). Previous studies (Jackson and Blest 1982; Jackson and
Hallas 1986a) reported that if Portia are already in the cryptic
posture when disturbed, they draw their palps and legs even tighter to
their bodies. I observed that when Portia were disturbed while in their
own or an alien webs, sometimes the action of assuming the cryptic
posture caused their bodies to jerk or sway in the webs (amplitude=1-2
rom), which in turn produced small, localised vibrations of the silk.
Disturbances also elicit palp flickering, as known from other
studies (Jackson and Blest 1982; Forster and Murphy 1986; Jackson and
Hallas 1986a). During palp flickering, the palps are held beside the
chelicerae and angled ventrolaterally while they are raised and lowered
smoothly and rapidly (amplitude=1-2 rom, speed= 4 Hz) in matching phase.
My casual observations suggest that the speed and duration palp flickering were proportional to the suddeness and duration of the disturbance.

-

-&:i.

Fig. 6: Cryptic rest posture of Portia.
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DISCUSSION
GROOMING BEHAVIOURS AS ANTECEDENTS OF VIBRATORY BEHAVIOURS
Portia groom their palps and legs often, both spontaneously and in

response to specific stimuli. Casual observations of other salticids and
spiders of other families suggest that frequent grooming is in fact
commonplace among spiders. Why spiders groom so much is open to
speculation. However, the grooming of Portia that is performed while
on alien silk could be a response to the dirt and dust typically found in
the webs of many species (see Burgess and Witt 1976, Eberhard 1979).
Grooming probably removes dirt from, and may help realign, the sensory
setae abundant on the distal segments of the appendages (see Kronestedt
1979, Tietjen and Rovner 1982).
Probably ancestral Portia, with a similar tendency to groom often,
also groomed while in alien webs. Their movements during grooming, like
those of extant Portia on silk, must have produced minor vibrations of
the alien silk. If the alerted web host treated these vibrations as
originating from trapped prey and approached, an ancestral Portia would
doubtless have had to decamp or attack, to avoid being taken prey itself.
For an araneophagic spider like Portia, natural selection would have
favoured those individuals that produced vibrations that most effectively
mimicked the vibrations of insect prey trapped in a web (and thus more
readily attracted web hosts) and that successfully killed the web hosts.
Selection for effective mimicry would have entailed selection for alien
silk to consistently elicit grooming behaviours in Portia (i.e., for a
lower threshold for grooming behaviours in the presence of alien silk)
and selection for grooming behaviours with fonns that best attract web
hosts.
The next evolutionary step would have been the shaping of these
grooming behaviours into specialised vibratory behaviours. Fluttering and
plucking may have evolved this way. Finally these behaviours must have
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been emancipated from their original motivational control, related to
grooming. Instead of alien silk stimulating Portia to groom and inadvertantly causing vibrations, it would have begun to elicit the ritualised vibratory behaviours. The emancipated vibratory behaviours could
also be elicited by seeing the web host, a stimulus that did not elicit
grooming.
ORIGINS OF FLUTTERING
Relatively few changes in the form of one of the palp grooming
behaviours, forward palp brushing, would produce palp fluttering. From
their forward frontal position, fluttering palps trace a backward-forward
rather than a circular pathway. Such a change could be brought about by
reducing the sites of movement from the coxa-trochanter and femur-patella
joints to the coxa-trochanter joint alone. The amplitude of the movements
need change little (from 1-1.5 rom to 1 rom) and no change in the alternate
phasing of palp brushing is necessary. The speed of the grooming
behaviour (3-4 Hz) need be only slightly accelerated to become that of
the vibratory behaviour (5 Hz). Since typical bouts of palp brushing last
1-5 s, bout length would have had to be truncated during the ritualisation of palp fluttering from forward palp brushing. Frontal palp
brushing and palp swiping are less likely antecedent behaviours of palp
fluttering since either of these would require a route of ritualisation
that involves even more modifications than those listed for forwardpalp
brushing.
Similarly, the ritualisation of leg fluttering from the grooming
behaviour leg brushing would have required only a few changes in form.
Minor changes include changes in the site of movement (from the coxatrochanter-femur joints to only the coxa-trochanter joint), and an
increase of the variability of amplitude of movement (from 4

Tmfi

to 2-4

rnm). More significant changes in form inciude the number and phasing of
the appendages used. From using the abdomen and the legs of first one
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side (posterior to anterior) and then the other, the behaviour would have
had to change to use only the forelegs in alternating phase. Associated
with the change from using sequential pairs of limbs to moving one pair
of limbs, there would have had to have been a considerable reduction in
bout length (from 10-20 s to 1-5 s). The speed of movement would have had
to become slower and less variable (change from 5-7 Hz to 5 Hz).
ORIGINS OF PLUCKING
Pa1p plucking may have been derived from the grooming behaviour pa1p
swiping. The necessary alterations in the form of the grooming behaviour
would have included changes in the direction of movement (from up-down to
backward-forward) and the site of movement (from the coxa-trochanter
joint to the coxa-trochanter and femur-patella joints). Amplitude would
have had to become more variable (from 1 rom to 0.5-2 rom). Although
phasing in pa1p swiping is alternating, modification of short bouts
(often of only half a movement) would have resulted in single palp plucks
of various speeds. Palp plucks in matching phase could have arisen from
pa1p swiping by the spider assuming the initial position of pa1p swiping,
except with the tips level with each other, and then rapidly drawing both
palps down then up simultaneously.
Like the movements of grooming, when those involved in the adoption
of the cryptic posture are performed in a web, they produce silk vibrations that can attract web hosts. The ritualisation of leg plucking from
the movements that bring Portia into the cryptic posture would have
involved only a few changes of form. The site, direction and phasing of
limb movement would not have changed although there would have had to
have been minor changes in the amplitude and speed of the movement to
produce the twitch of plucking. In addition, the response would no longer
consistently involve all legs; one, some, or all legs might be used to
pluck. Finally, the behaviour would be emancipated from its original
stimulus, being startled while in an alien web or seeing the other spider
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(i.e., the motivational control would become 'predation' not 'protection').

ORIGINS OF STRIKING
The vibratory behaviour strike is almost identical in form to the
intraspecific threat display 'striking with legs', except that during
the vibratory behaviour Portia is stationary and uses palps as well as
legs. Few changes are necessary for striking with legs to have become a
vibratory behaviour, and so this route of evolution seems highly likely.
Since the proposed antecedent behaviour is itself a display, the process
of evolution is not strictly speaking ritualisation, but instead the
transformation of a display.
Females of the primitive salticid Lyssomanes jemineus strike at
nest intruders to flick them off silk or to drive them away (Eberhard
1974). The form of stike by Lyssomanes seems to be similar to that of
strike by Portia. Ancestrally, striking by Portia may have been, like
striking by L. jemineus, a defensive behaviour. The 'display' might
have been partially emancipated from its

ori~inal

control (i.e., visual

detection of a potential threat), so that Portia struck at the web, not
the spider, even if the the web spider was not in view.

ORIGINS OF 'CRYPTIC STALKING'
The concealing behaviours of cryptic stalking performed only by P.

fimbriata when preying upon salticids may have evolved from a startle
response. Although P. labiata, P. schultzi, and according to Forster
(1982), other salticids often display when presented with heterospecific
salticids, elements of one startle response, the cryptic posture, are
performed occasionally by P.labiata and P. schultzi in the presence
of salticids (Jackson and Hallas 1986a; Chapter 5). Evidently salticids
startle these Portia species. By adopting the cryptic posture Portia
enhances its already cryptic appearance and perhaps temporarily becomes
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undetectable even to highly visual salticids.
Salticids are highly abundant in the present habitat of P.

fimbriata (Jackson and Blest 1982; Jackson and Hallas 1986a). If
salticids were as abundant in the ancestral habitat as they are
currently, ancestors of P. fimbriata frequently would have encountered
a wide range of salticids. By freezing in the cryptic rest posture
whenever faced by salticids, ancestral P. fimbriata might have avoided
confrontations with what they perceived to be potentially dangerous
animals. In some cases, the Portia might have succeeded in capturing
unsuspecting salticids that approached to within attack range. Natural
selection might have favoured the adoption of this posture regularly when
confronted with salticids and also favoured the slowing down of approach
by Portia towards the salticid. That cryptic stalking was present from
dispersal in naive spiderlings of Queensland P. fimbriata (and no other
populations) and that no other species appeared to be able to "learn" how
to capture saltlcids (Chapter 5) suggests that the cryptic stalking
behaviour has become encoded uniquely in the genome of P. fimbriata. In
contrast to P. fimbriata, P. labiata and p, schultzi do not
perform cryptic stalking, However salticids are much less abundant in the
habitats of the latter two species.

CONCLUSIONS
In summary, the diverse predatory behaviours of Portia and their
most likely, corresponding antecedent behaviours are as follows: palp
fluttering, forward palp brushing; leg fluttering, leg brushing; palp
plucking, palp swiping; leg plucking, adopting the cryptic posture;
striking, strike with legs (a display); and cryptic stalking, cryptic
posture. The proposed routes of evolution of predatory behaviours are
consistent with the current habitats of the respective Portia species,
and depend upon these habitats resembling those of earlier times.
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Consistent with traditional views of ritualisation, most of the
changes associated with these proposed routes of ritualisation involve
enhancing the stereotypy (i.e., decreasing the variability) of
behaviours. However, for four of the six proposed routes of ritualisation
one or two aspects of the antecedent behaviours are more variable in
their corresponding predatory behaviours: the amplitude of leg fluttering; the amplitude and speed of pa1p plucking; the speed and number of
appendages involved in leg plucking; and the number of appendages
involved in strike.
The routes of ritua1isation proposed in this paper may be applicable
to the evolution of silk vibratory behaviours in other araneophagic,
aggressive mimics. For example, the vibratory behaviours'that are used by
Taieria erebus attempting to prey on cursorial spiders inside their

tubular silk retreats (Jarman and Jackson 1986) may have been ritualised
from non-display behaviours such as grooming when they encountered silk.
If so, I would predict that their vibratory behaviours would be more
similar to gnaphosid grooming behaviours than to the grooming behaviours
of Portia. As yet the grooming behaviours of Taieria erebus have not
been studied.
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CHAPTER 7: GENERAL DISCUSSION
This thesis addressed three questions: (1) What is the life cycle of
Portia?, (2) Is i t aberrant?, and (3) What are the phylogenetic implic-

ations of the aberrant life cycle traits? In this final chapter, I will
deal with each question in turn.

THE LIFE CYCLE OF PORTIA
The studied species, Portia fimbriata, P. labiata, and P.
schultzi, have similar post-embryonic development. They pass through

three morphologically and temporally discrete post-embryonic stages that
are separated by ecdyses (moulting of the exoskeleton): one stage, the
first pre larva, in which the post-embryo is still partially enclosed in
two egg membranes (outer chorion and inner vitelline membrane); and two
free stages, the second prelarva and the larva. The free stages can most
readily be distinguished from each other by their hairless and setose
conditions, respectively. During the larval stage, several traits of
active instars

appe~r

"precocially": silk spinning, well developed fangs;

pectinate claws; prey capture; and scopulate hairs.
The length of time spent in each post-embryonic stage is similar for
the three species of Portia. The embryonic period lasts c. 13 days; the
first prelarval stage, c. 1 day; the second larval stage, c. 1 day; and
the larval stage, c. 11 days.
When first ins tar Portia disperse from their egg cases they are
morphologically and behaviourally complete, i.e., they are miniature but
asexual versions of adults. The entire repertoire of predatory, webbuilding, and female-female display behaviours is present in Portia
from hatching, with juveniles possessing the appropriate species-specific
variations of the repertoire.
Two to three weeks after becoming first instars, Portia moult
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IS THE LIFE CYCLE OF PORTIA ABERRANT?
Since Portia is a morphologically and behaviourally unusual
salticid, the second question of the thesis was: Is Portia likewise
developmentally unusual? I found that the development of Portia is
indeed aberrant for a salticid in several respects.
Firstly, the post-embryonic development of Portia and another
spartaeine, Gyrba, is unusual in that certain characteristics typical
of active instars of salticids appear "precocially" in the larval stage
of these species: silk spinning, well developed fanges, pectinate claws,
prey capture, and scopulate hairs. Secondly, the moulting site selected
by Portia is unusual. Portia uses its silk platform or leaf debris
that hangs in its large web, rather than an enclosing silk retreat as is
typical of most sa1ticids. Also, the high rate of the lengthwise growth
of Portia distinguishes the genus from all other salticids studied,
which have lower growth rates. Fourthly, the trend for instar duration to
progressively decrease during sa1ticid development is not present during
the development of Portia. Instead, in Portia this trait fluctuates
from one instar to the next.

THE PHYLOGENETIC STATUS OF AN ABERRANT LIFE CYCLE
The third question of this thesis was: Are the aberrant traits of
Portia's life cycle plesiomorphic or apomorphic? The answers to this
question could help clarify our understanding of the postion of Portia
in salticid evolution. Based on their behavioural observations of P.
fimbriata, Jackson and Blest (1982) proposed a hypothesis that states
that Portia is more like hypothetical salticid ancestors than any other
extant sa1ticid, in that it is a web-building web-invader with slightly
less efficient retinal organisation. According to Jackson and Blest, easy
access to neighbouring web-spiders (because of their abundance in the
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habitat) may have favoured web-invasion and araneophagy in early
web-building pre-salticids, and acute vision for both distance and prey
discrimination would have been advantageous for web-invaders that
exploited diverse types of victims. The behaviours of kleptoparasitism
and oophagy on neighbouring webs may also have evolved, as it is likely
that these early salticids or pre-salticids would have had frequent
encounters with entangled insects and spider egg cases in the webs they
invaded. According to this hypothesis, these web-building, web-invading
araneophages gave rise to cursorial salticids with improved powers of
movement detection through selection for salticids that successfully
captured the insects that they probably periodically encountered while
en route to more distant webs. These spiders may have abandoned webbuilding, web-invasion, and aggressive mimicry, and instead may have
adopted the more active cursorial life-style that is typical of most
extant species.
Subsequent behavioural studies of four other Portia species
(Jackson and Hallas 1986a) and four other spartaeines (Jackson and Hallas
1986b), and also the primitive structure of spartaeine eyes (Blest 1983,
1985; Blest and Sigmund 1984; Land 1985) and genitalia (Wanless 1978,
1981,1984a,b), are supportive of this hypothesis and Portia's place in
it.

An alternative hypothesis is that typical, highly visual and
cursorial salticids evolved from

ancestor~

that were relatively blind

cursorial hunters. According to this hypothesis, the web-building, webinvading habits of Portia would be recently acquired traits. However,
this hypothesis does not account as well for what we know at present
about salticid biology.
Whether the precocial post-embryonic development reported among
salticids only in spartaeines is plesiomorphic or apomorphic is not
clear. That i t occurs in the primitive subfamily Spartaeinae and not any
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studied advanced salticids suggests that the trait is primitive for
salticids. This is supported by the fact that aspects of precocial
development have been reported in the Thomisidae (Schick 1972),
Clubionidae and Gnaphosidae (Canard 1979), all of which have been
considered to be possible sister-families of the Salticidae (Juberthie
1964; Lehtinen 1967; Kraus 1984). Each of these families consists
primarily of non-visual hunting spiders; but interestingly, each of these
families is also now known to have web-building species (Jarman and
Jackson 1986;

s.

D. Pollard pers. comm.; B. Poulsen pers. comm.).

However, the post-embryonic development of another primitive
salticid subfamily, the Lyssomaninae, does not appear to be precocial. In
addition, precocial post-embryonic development is also present in the
CUobov-ida~

(Peaslee and Peck 1983) and Theridiidae (Valerio 1974),

families of web-builders that are very unlikely to be closely related to
the Salticidae, suggesting that, precocial development may have evolved
independently in the various spider groups and have no particular significance to understanding salticid phylogeny.

Portia's use of a resting site (Type I web or leaf debris) in a
large 3-dimensional web for moulting is unusual in that most salticids
moult in their enclosing retreats. Is use of web for moulting a primitive
or advanced trait for salticids? The answer to this question is not
obvious. It seems logical that a criterion in the selection of a moulting
site is the degree protection it offers, since spiders are highly vulnerable during moulting (see Harris 1977). For most salticids, their nests
may be the most protective sites in their habitats. If the ancestors of

Portia were typical, nest-building cursorial salticids, and if nests
are especially advantageous sites for moulting, then Portia might be
expected to build nests in which to moult, even though they do not build
nests generally. However, Portia is a highly cryptic spider--unusually
so for a salticid. The highly cryptic Portia might be adequately
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protected from visual detection by potential predators (and perhaps, also
from climatic conditions) hanging in its web under a silk platform or a
dead leaf. Therefore, there may not have been a great advantage to
Portia in conserving nest-building for moulting. However, other studied
spartaeines (Brettus, Gyrba, Phaeacius) are not so extremely cryptic as
Portia--they are more like typical salticids in this respect. Also,
they are not web-builders. Yet these spartaeines behave like Portia
when they moult: they moult in the open, on

small silk platforms

(Jackson and Hallas 1986b; unpubl. data). Of course, these observations
do not prove that moulting in the open is primitive for salticids, but
they are highly suggestive of this conclusion.
Is the third aberrant trait of the life cycle of Portia, high
rates of lengthwise growth like those of other web-builders, plesiomorphic or apomorphic? Certainly, Portia could have acquired a higher
growth rate secondarily if it evolved from a cursorial ancestor with
slower growth rates. However, if web-building is plesiomorphic, as most
of the evidence suggests, then a high growth rate is probably plesiommorphic. Growth rat.e by itself does not see:;; to be able to tell us anything useful about phylogeny, but in conjunction with the (act that
Portia builds webs suggests even more strongly an affinity of Portia
to non-salticid web-builders.
The phylogenetic significance of the fluctuation of ins tar duration
that occurs during the development of Portia is not clear since ins tar
durations are not known to fluctuate so much in any other salticids or
spiders of any other family.

In conclusion, no single aberrant trait of the life cycle of
Portia seems to imply anything definite about salticid phylogeny. In
some cases, the aberrant traits seem to be more readily accounted for by
the hypothesis of Jackson and Blest, but the alternative hypothesis is

106
not discounted. Perhaps the most significant result of this study is
not the specific things it implied about salticid phylogeny but instead
what was not found. Life cycle traits that are inconsistent with or at
least troublesome for the hypothesis of Jackson and Blest were not found,
although such findings were conceivable. For example, Portia might have
been found to behave more like a typical cursorial salticid when a
juvenile than an adult Portia, by moulting in nests, not building a
web, or growing at a slower rate than typical of web-builders. It might
be said that the scientific method is based on attempting to falsify
hypotheses, not to verify them (Popper 1963). From this point of view,
what this study could have done but in fact failed to do is significant.
One thing that became evident from this study is the paucity of
comparative data for the life cycles of other salticids and spiders of
other families. More information of this type, which was beyond the scope
of this thesis, will be important if we are to gain in understanding
salticid phylogeny.
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1: SALTlCIDS STIJDIED.
(AFTER SII10N 19011

LOC.\LITlES ARE TOIINS Nf_>I.R COLLECTION SITES.

Body length
Species

Subfamily

Ascmonca

female, male (mm)

P = rLURlDENTATl.

Locality and
habitat

F ~ FISSIDENTATl.

Type of
ncstJueb spun

U - UNIDENTATI

References

Lyssomaninae
(r)

6,5

tenulpes

Sri Lanka
Rainforest

Tnhe spun in
foliage

Astia ~

Astianae (P)

6,5

Mareeba, Queensland,
Australia
Eucalypt forest

Tube spun under
eucalypt bark

Savia aericeps
Suon

Thiodiniae

10,9

Cairns. Queensland t
Australia
Rainforest

Tube spun in palm
leaves

Bret tus adonis
SImon

Spartaeinae

6,5

Sri Lanka
Rainforest

OccaSionally
spins flimsy
sheet in foliage

Cosmophasis
rocarl.01des
(L. Kochl

Heliophaninae

7,6

Cairns, Queensland,

TUbe spun in palm

RUOphrYj

Euophryinae

Greymouth.

Tube spun

in
rock crevices

Forster (1982)

7,5

Cairns, Queens land
Aus tralia

Tube inside
3-dimensional
array of silk
in foliate

Jackson (198Gb)

7,6

Cairns, Queensland,
Australia

Tube spun in

Christchurch,

Tube sp.-un in flax
leaf

(p)

. (p)

(U)

(U)

(ni;:~\a
Euryattus sp.

Cytaeinae

Australia
Rainforest

6,5

New Zealand
Rocky dry streambed

(F)

Helpis
mloutabunda
(L. Koehl

Astianae (P)

Holoplatys sp.

Marpissinae
(U)

6,4

Hew Zealand

lIallas 6. Jackson (198Gb)

Jackson & lIall ~s
(198Gb)

leaves

foliage

Flax swamp
Astinae (P)

6,6

Cairns, Queensland,
Australia

Lyssomanes

viridis

Lyssomaninae

8,6

(P)

~G5US mormon

Thyeninae

Hyrmarachne

Synemosynae

rschr---

C.t~PK~~h

8,6

-(U)

5,5

(P)

Spartaeinae

Cairns t Queensland,

Phidippus
sp.

Dendryphantinae

Australia

Tube spun in
palm leaves

Jackson (983)

Cairns, Queensland,
Australia

Tube spun in

Jackson 0 982b)

Dendryphan tinae

10,8

Berkeley, California, Tnbe spun in
U.S .A.
foliage or near
rocks or trees

12,10

(U)

Dendryphantinae

Plexippinae

Portia
flmbrIata
tIlOIeSCliall)

Spartaeinae

Portia labiata

Spartaeinae

kUo

12,10

Gainesville, Florida, Tube spun on
U.S .A.
foliage or near
Bush..
TOcks or trees

10,8

CainlS. Queensland,
Australia
Rainforest

Large 3Jackson 6. Hallas 098Ga)
dimensional silk
array betYeen
boulders or trees

10,8

Sri Lanka

Large 3Jackson 6. lIallas (L 98Ga)
dimensional silk
array bet\leen
boulders or trees

Kenya

Lane 3dimensional silk

(U)

tT!iiiTClnPortia

---scnu 1tzi

(P)

Rainforest

(P)

Spartaeinae

8,6

Coastal forest

(P)

(l<a~

~ira

5.5

Caints, Queensland
Australia
Rainforest

Tube spun in

lIyllioae

6,5

Marecha, Queensland
Australia
Eucalypt forest

Tube spun under

6,5

Cairnn, Queensland.

Tube spun 10

Au.stralia.
R.ninforcBt

!oliaee

M.areeba. Queenaland
Australia

Tnhe "pun in 3Jacku'ln (I ?8I,a)
dilllermional array
amid Bocial
Mpiderll' \If'!b

(U)

(lU!yscrhn,,)

Zyr,oballinae
(U)

Sim;)f!th1nac
(Y)

8,6

Savannah
Tri tP.

"--;ltJrlc:nm;l

C)'tar:iOJlI:
(II)

Tdt.~

Cytllf:: <lnJtr.

Uriiilfi'alt'-

--p'Thnjc~pN

(g i1iim·r~

~

to liage

(U)

orD:iOculata

Sandalodea

Jackson & Uallas (l986a)

array betYeen
boulders or trees

(KeY5erl1n~)

- I udlC 1115

Berk.eley, California. Tube spun in
foli~e or near
rocks 0 r trees

Berkeley, California. Tube spun in
U.S.A.
folia:;e or near
Bush..
rocks or trees

Peckham)

(~d~u~n)l

Jackson (978)

12,10

(U)

and

Plexi P

Jackson 6. Hallas (1986)

U.S .. A.

(c.L. Koch)
Phidippus

palm leaves

Berkeley. California, Tube spun in
U.S.A.
folia:;.e or near
Bush.
rocks ar trees.

Peckham)

atlosUS

Hallas 6. Jackson (l986b)

over leaf
concavities

12,10

and

Phidippus

Sparse sheet.

Sri Lanka
Rainforest

(U)

Phi~B~6~i

Wanless & Jackson (in prep.)

10,8

(P)

(P~~~h:

for~st

Rainforest

Phaeacius sp.

(P~ckham

Gainesville,
U.S.A..
Subtropical

TWiI'CJCenae r)

Tube spun in
folia&e

(Il)

(;hrl fJ tchurch

If"" ZeAlnn4
If.tiv. """h
I:hrinlctmrch
rlf'!\4

flnx

Z(]l\l;md
g,l,.Il1lt1p

bark

Tub. "I"In in
Y'H.l.r (1982)
crr.viccA of trf!f:B
Tut,. .pun in
thx hllwm

Yurnt.,. (I ?82)

APPENDIX II:

NEAN DIMENSIONS (X) AND COEFFICIENTS OF VARIATION (C.V.) OF 5 CARAPACE MEASUREMENTS (SEE FIG. 1, CHAPTER 3) FOR 3 POPULATIONS
OF PORTIA.

Table 1:

Portia fimbriata

Insta r

N

16

1
2
3
4

C.v.
-x
C.v.
x
C.v.

-x

13
10
8

C.v.
5

x

9

C.v.
6
7
8

Adults

x
C.v.
x
C.v.
x
C.v.

x
c.v.

8
7
3
8

CL
1.981
48.44
1.834
42.30
1.647
30.70
1. 920
11.27
2.458
14.50
2.885
7.31
3.743
4.39
4.183
6.58
3.891
20.86

WPLE

WALE

1.430
41.96
1.361
30.54
1.353
19.45
1. 541
8.64
1.876
11.81
2.263
3.53
2.507
7.59
2.867
3.63
2.703
16.01

. 1.474
39.08
1.499
37.36
1. 417
20.90
1. 613
7.75
1.974
11. 29
2.410
3.15
2.607
5.90
2.800
3.09
2.822
15.73

Females
WAME
1.046
41.47
1.029
34.62
1.005
17.81
1.140
7.04
1.400
9.31
1. 650
3.68
1.800
.06
1. 933
1.43
1. 979
14.27

DPLE

N

.599
48.36
.627
40.21
.551
24.08
.630
13.22
.814
11. 71
.996
5.85
1.071
6.02
1.400
14.29
1.281
15.75

10
6
6
5
7
8
4

N

.626
1.863 1.455 1.588
1.077
58.64
49.66
57.51
33.46
51. 67
.410
1.130
.795
1. 225
1.075
5.98
5.72
8.96
5.96
6.65
.505
1.335
.980
1. 440
1.270
4.47
6.78
6.46
8.37
13.38
.624
1. 578
1. 920
1.482
1.134
9.96 15.35
11.0
8.46
13.55
1.604
.914
2.780
2.293
2.187
18.11
16.37
18.42 19.35 22.70
1.660
.998
3.028 2.305
2.336
6.26
5.78 15.13
5.41
8.96
1. 713 1.100
2.525
3.375
2.400
5'.71
6.43
4.38
5.06
5.89

19

WPLE

WALE

Males
WAME

DPLE

CL

o

16
14
13
13
9
5
1

CL
1.001
25.11
1. 260
6.95
1. 569
12.63
1. 904
12.30
2.629
12.09
3.024
6.65
3.440
8.05
4.900

o
17

3.205 2.283
26.15
31.06

2.405
26.63

1.664 1.087
27.44 32.84

WPLE
.881
25.23
1.093
6.09
1. 288
8.84
1. 557
8.98
2.022
8.91
2.301
4.95
2.370
9.74
3.100

o

Non-survivors
WALE
WAME
.913
25.59
1.157
7.15
1. 512
7.22
1. 629
9.84
2.100
7.13
2.431
3.11
2.460
8.79
3.200

o

DPLE

.335
.627
25.48 26.26
.448
.810
7.89 11.07
1.080
.523
6.96 11.63
.651
1.145
8.29 11. 82
.864
1. 487
7.57
11.14
.973
1.698
7.78
5.62
1.060
1. 760
4.67
6.15
2.050 1.300

o

o

Table 2:

Port.ia labiata

Instal"
1

N

-x

48

c. v.
2

-x

50

c.Y.
3

x

47

c.Y.
4

x

43

C.v.
5

-x

43

c.y.
6

x

41

C.v.
7

-x

35

C.Y.

8
9

Adults

-x

c.v.
-x
c.Y.
x

6
2

49

CL

WPLE

Females

WALE

WAME

Males

DPLE

.818
1. 444 1.163 1.199
.502
43.03
44.20
43.64
92.86
43.23
1. 367
.930
.585
1.473 1.305
52.52 37.67
38.40
34.90
32.89
1. 512
1. 600
1. 425
.640
1.029
35.89 23.58
22.85
22.67
24.24
1. 835 1. 608
1.689 1.140
.728
17.41
7.34
5.82
5.54
6.74
2.330 1.943
.866
2.036
1.377
9.12
9.18
16.96
9.76
9.48
2.321
2.985
2.348
.995
1. 704
18.86
16.39 33.19
16.58 21.66
3.440 2.614 2.678
1.820
1.166
13.23
8.77
9.21
7.31
17.59
3.858
2.750
2.917
1.933
1.242
7.64
12.28
6.30
8.29
8.22
4.075
2.850
2.950
2.050
1. 325
6.07
0
0
13.80
2.67
4.103
3.929
2.084 2.073
1.389

N

CL

WPLE

54

1.155
42.48
1.233
25.44
1.495
24.48
1.835
18.37
2.28
18.23
2.772
15.89
3.219
7.78

1.060
32.99
1.152
16.51
1.355
15.27
1.614
10.37
1.914
8.54
2.196
7.49
2.415
3.52

51
50
49
48
42
13

WALE

WAME

.760
1.111
33.73 34.25
.832
1.209
15.34
18.00
.976
1.424
14.83 15.83
1.684 1.155
10.39
10.51
1. 378
1. 973
7.97
10.86
1. 573
2.312
9.05
7.41
2.538
1.765
3.33
4.96

DPLE

N

.465 184
.972
37.64
16.31
.533 166 1.160
17.42
20.56
.626 138 1. 379
17.75
20.06
.720 120 1.663
18.04
20.27
.882 47 1. 989
11. 72
9.81
.986
10 2.673
9.78
10.85
1 3.100
1.019
30.08
o

o

o

o

o

14

3.315

2.531

2.620

1.848

CL

WPLE

Non-survivors

WALE

.983
.949
16.40 15.93
1.179
1.125
11. 70
12.72
1.352
1.408
12.42 11. 58
1.529 1.605
16.28 15.75
1.789
1. 734
12.89
17 .63
2.260
2.166
8.54
7.31
2.550 2.550
0

0

WAME

DPLE

.394
.668
22.62
17.48
.517
.809
13.25
13.73
.621
.964
12.23 17.75
.717
1.093
17.90
16.06
.827
1.237
11.33
10.65
.960
1.553
12.25
8.42
1. 750
1.100

o

0

1.184
......

......
\.D

Table 3:

Portia schultz;

Instar
1
2

3
4

5
6
7
Adults

N

x
c.v.
xc. v.
-x
c. v.
xc.v.
-x
c.v.
-x
c.v.
-x
c.v.
-x
c. v.

8
8
8
7
8
6
1
7

CL

WPLE

WALE

.859
.896
.893
7.03
5.58
5.89
1.028 1.013
1.080
4.40
4.69
8.52
1. 335
1. 348
1. 279
12.85
10.94
8.31
1. 543
1. 547
1.510
3.86
9.75
5.66
2.019
1.879
1.79,0
20.47
6.21
5.65
2.078
2.117
2.385
14.16
5.60
6.48
4.000
2.500
2.550
0
0
0
3.679
2.557
2.493
5.86
10.39
10.43

Females
WAME

DPLE

N

.611
.378 9
4.50
5.25
.713
.476
9
9.21
9.18
.930
.600
9
9.75
10.00
1.063
.750 9
6.49
6.11
1.294
.856 10
5.33
10.50
1.448
.923 8
9.16
9.73
1.800
1.150 0
0
0
1.700
1.064 10
3.79
9.67

CL
.907
7.72
1.027
6.82
1.160
4.66
1.473
9.75
1.878
14.80
2.178
13.91

WPLE

WALE

Males
WAME

.840
6.44
1.003
6.54
1.197
5.23
1. 528
5.66
1.693
2.74
1. 939
5.42

.897
3.90
1.070
2.43
1.287
6.84
1.573
3.86
1.818
3.58
2.009
6.74

.366
.610
5.49
9.68
.733
.483
5.75
2.15
.883
.597
5.91
6.85
.750
1.053
4.00
6.49
1.239
.897
4.28 36.10
.975
1.397
9.30
7.45

DPLE

N

21
6
6
4
2
2

CL
.900
23.78
1.035
7.94
1. 280
10.12
1.610
3.04
2.025
17 .81
2.670
9.54

WPLE

Non-survivors
WALE
WAME

.816
23.45
1.013
4.08
1.202
8.15
1. 485
4.20
1. 770
4.80
2.050
3.45

.860
23.53
1.100
2.23
1.292
3.07
1. 530
4.53
1.830
4.63
2.140
.66

DPLE

.339
.591
25.75
23.59
.730
.465
3.53
4.25
.562
.883
7.92
2.45
.698
1.043
7.34
4.91
.795
1. 245
2.67
1.70
.910
1. 430
17.10
1. 98

0
3.079
12.75

2.185
8.01

"2.270
8.13

1. 614 1.117
7.76
10.90

.....
tv

o

