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Abstract. Jumping spiders (Araneae, Salticidae) are ubiquitous worldwide and exhibit
a wide diversity of interspecific variation. I conducted a behavioral experiment to explore
the role that size plays in interspecific competition between Thorelliola ensifera (Thorell
1877) and Cosmophasis lami (Simon 1901) on the island of Moorea, French Polynesia. The
body size of T. ensifera males varied more than that of C. lami males, and as opponent
sizes became more asymmetric, the frequency of aggressive behaviors exhibited by T.
ensifera increased. In contrast, the frequency of behaviors exhibited by C. lami did not
vary with size. However, the frequency of deflections performed by C. lami increased as
the size of its opponent increased. These results imply that body size and size of
opponent may play a role in behavior during contests for some species but not in others,
and that species-related variation and individual variation may play a more important
role in others. Other observations made in this study include natural history observations
regarding C. lami habitual behaviors and an iridescent color morph and T. ensifera
fighting displays.
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INTRODUCTION
Interspecific competition is one of the
most elusive contributors to natural selection.
It can manifest itself and be tested in many
ways, yet it is challenging to determine its
exact role in a natural community. Tilman
(1987) discusses the difficulties that ecologists
face in their attempts to describe its effects,
stressing, “experiments that concentrate on
the phenomenon of interspecific actions, but
ignore the underlying mechanisms, are
difficult to interpret and thus are of limited
usefulness.” (Tilman 1987, p. 773) These
mechanisms can be cryptic or indirect
(Morrison 1999), requiring an intermediary
species, and thus problematic to study. Due to
these
complex
factors,
interspecific
competition has remained a topic of debate
among ecologists (Shoener 1982) and has
much potential for continual study and
discoveries. One of the mechanisms through
which interspecific competition can act is
asymmetry.
Asymmetric competition often manifests
itself in a larger-bodied species having a
competitive advantage over a smaller-bodied
species
(Weiner
1990).
Asymmetric
competition based on size has many
implications for niche partitioning and how it
relates to population dynamics. It seems

FIG. 1. Sites sampled in this study.
probable that an individual of a larger species
will win in a physical contest with an
individual of a smaller species, but what if the
sizes were more equal? The potential victor
becomes less clear when the smaller species is
paired with a similarly sized opponent– a
smaller individual from the larger species.
When sizes are more evenly matched, the
result may be a more even fight. There are
several hypotheses when considering this type
of asymmetric competition, including: (1) one
species is inherently more aggressive than the
other, resulting in a consistent species-based
victor regardless of size. (2) Size is the primary
factor in determining a winner, such that

when sizes are equal, the outcome of contests
is more equally distributed among the two
species. (3) The result of contests is more
dependent on the behavior of the individual,
regardless of size and inherent species-based
aggressiveness.
One of the mechanisms by which
interspecific competition manifests itself is
through male-male contests, which have been
studied extensively in jumping spiders
(Araneae, Salticidae). Accompanying their
extremely acute eyesight and seismic
reception, Salticids have a host of stereotyped
behaviors and displays for both courtship
(Elias, 2004) and contests (Elias, 2008).
Asymmetric competition has also been
addressed in Salticids; in some cases it has
been shown that larger species will win out
over smaller species in interspecific contests
(Jackson, 1990). The possibility that it is size of
the individual, not species averages, that
determines the victor was explored in an
ichthyologic study (Young 2004), who showed
that this theory is the likely explanation for
habitat selection and niche partitioning in
coho salmon and steelhead trout of
northwestern North America.
Jumping spiders are the largest family of
spiders (around 5000 species) and exhibit an
extraordinary diversity. They inhabit every
continent except Antarctica, reach extreme
latitudes and elevations (Cutler 1982), and
have equally impressive interspecies variation.
The peacock jumping spider, Maratus volans,
boasts a rainbow of colors on its carapace,
while a number of Salticids found across the
globe impeccably mimic ants. While spiders
are generally thought to be strict predators,
some jumping spiders have been found to be
primarily herbivorous (Meehan et al. 2009)
and at least 90 Salticid species feed on nectar
(Jackson et al. 2001). They are highly visual
animals; their complex eyes are able to see
color (DeVoe 1975) and distinguish other
jumping spiders from potential prey (Land
1969), which they actively seek as opposed to
passively catching in webs. The amount of
interspecific variation among jumping spiders
makes them interesting study organisms when
considering asymmetric competition.
This study attempted to assess the role
that size plays in interspecies interactions by
examining laboratory interactions between
males of two species of Salticidae, Thorelliola
ensifera and Cosmophasis lami.

METHODS
Spider collection and care
This study was conducted on the island of
Moorea, French Polynesia (17º32’S, 149º50’W).
Jumping spiders were collected at the
following locations: Gump Station, Three
Pines Lookout, Three Coconuts Pass, Motu
Tiahura, Opunohu Bay mangrove area, and
Temae Beach. (Figure 1) GPS coordinates for
spider collection sites are listed in Appendix
A.
Collection
techniques
included
visual/manual collecting and beating and
collecting with a beating sheet and stick. All
mature males of Thorelliola ensifera and
Cosmophasis lami found were collected. Some
jumping spiders of other species were
collected for interest and identification
purposes.
All collected spiders were placed in glass
vials and brought back to the Gump Station
lab. Collected spiders were housed in
numbered glass vials, visually separated by
pieces of cardboard, and placed near a glass
door to maintain natural circadian rhythms.
Each spider was fed Drosophila fruit flies twice
during each week of captivity.
Identification
Species identifications were based on the
Moorea Biocode Collections, Cooks Islands
Biodiversity Database, Prószyński’s diagnostic
drawings to Salticidae, and the Barcode of Life
Data System Database.
Natural history observations
During the course of this study, several
observations were made regarding the general

FIG. 2. Photograph of experimental arena
and camera setup.

behavior and natural history of T. ensifera and
C. lami. These observations were not made
systematically or for the purpose of an
experiment, but were notated in the field
notebook to accumulate knowledge of the
study organisms.
Experimental component
The experimental component, which
aimed to determine the role that size plays in
contests between male individuals of T.
ensifera and C. lami, took place between
October 21 and November 13, 2014. Each
spider used in the experiment had six or more
legs, was housed in the laboratory for at least
24 hours, and had received a Drosophila
feeding the day before participating in the
experiment. Each T. ensifera male was
randomly paired with a C. lami male for the
trials.
Trials were conducted in a standardized
arena that was small in size to prevent effects
of territoriality and to encourage high
numbers of interactions. This arena consisted
of a clear plastic petri dish (7cm in diameter
and 1cm in depth), a circle of white copy
paper fitted to the bottom of the petri dish,
and white copy paper lining the outer edge of
the petri dish to minimize peripheral
distractions. All trials took place in natural
light between the hours of 10:00 and 16:00,
were recorded using a GoPro 3+ Silver
Edition, and were observed firsthand at a
distance of approximately two feet. The arena
and camera setup is shown in Figure 2.
For trials, the C. lami participant was
placed into the arena first, followed by the T.
ensifera participant, and then the lid was
replaced. Once the lid was in place, the trial
ran for ten minutes, after which the spiders
were placed back into their respective vials. If
one spider killed the other spider, the trial was
terminated early.
During the trial, the frequencies of six
characterized behaviors were recorded with
shorthand
notes.
These
characterized
behaviors and associated definitions are listed
in Table 1. Analysis of video data was used to
revise shorthand data if necessary. The fitted

TABLE 1. Definitions of distinct behaviors as
applied to this study.
Behavior
Approach
Retreat
Attack
Deflect
Kill
Display

Definition
Crawling or jumping toward
opponent with intent
Fleeing from opponent
Leaping onto opponent or onto
space where opponent was
positioned and had escaped
Escaping an attack with
contact by opponent
An attack with grasp and
subsequent feeding
Stereotyped fighting display
performed by T. ensifera

Note: video footage of T. ensifera’s display can
be seen here: http://tinyurl.com/pobazqk
copy paper at the bottom of the arena was
replaced between trials to reduce chemical
cues and silk remnants, and the petri dish and
lid were cleaned after 10 trials using lab
detergent.
Each spider participated in only one trial,
and afterward was placed in ethanol for
photographing
under
a
microscope.
Photographs were taken using Proscope HR
and analyzed using ImageJ for measurement
of total body length, cephalothorax width, and
dorsal area of body (cephalothorax and
abdomen combined).
Data analysis
All spider body measurements and
behavior frequencies from the experimental
component were compiled in Excel 2011.
Mean and standard deviation was determined
for species for all body measurements. A
linear regression was run in StatPlus for each
behavior twice– once with dorsal surface area
as the independent variable and once with the
ratio of dorsal surface area of contenders (T.
ensifera/C. lami) as the independent variable.

TABLE 2. Average body measurements and standard deviations for T. ensifera and C. lami.
Body length
Cephalothorax
Dorsal surface
Species
Value
(mm)
width (mm)
area (mm2)
T. ensifera
Average
3.819
1.709
4.858
Standard deviation
0.641
0.242
1.317
C. lami
Average
4.449
1.429
4.573
Standard deviation
0.385
0.115
0.760

TABLE 3. Linear regression results for behavior frequencies based on individual body size
and body size ratio. Statistically significant values (p < 0.05) are in bold type. An
asterisk (*) indicates a marginally significant value (p < 0.10).
Species
T.
ensifera

C. lami

Individual Size
Behavior
p value

R2

Approach

0.0939*

0.0970

Retreat
Attack
Deflect
Kill
Display
Approach
Retreat
Attack
Deflect
Kill

0.4522
0.0452
-0.0273
0.6148
0.5116
0.6353
0.6988
0.8936
--

0.0203
0.1357
-0.1623
0.0092
0.0068
0.0082
0.0054
0.0007
--

RESULTS
Spider collection and care
A total of 108 jumping spiders were
collected and 6 species were encountered:
Thorelliola ensifera (Thorell 1877), Cosmophasis
lami (Simon 1901), Athamus whitmeei (PickardCambridge 1877), Plexippus paykulli (Audouin
1827), Hasarius adansoni (Audouin 1827), and
Bavia aericeps (Simon 1877). T. ensifera and C.
lami were found and collected in the greatest
abundance. All spiders identified in this study
can be considered non-native, and many are
widely distributed among Pacific islands, as is
the case with T. ensifera (Berry 1997).
A low adult sex ratio (males:females) was
observed for T. ensifera during field collection.
Approximately 20 to 30 female individuals of
T. ensifera were often found before
encountering a male. No such ratio was
observed for C. lami; similar numbers of
female and male individuals of C. lami were
encountered in the field.
Natural history observations
Habitual body movements of T. ensifera
and C. lami differed greatly. Stereotyped
behaviors exhibited while engaged in a
contest with another male were observed in
some T. ensifera individuals but not in C. lami.
T. ensifera males would adjust posture to a
more upright position toward its opponent,
followed by the lifting and vertical “waving”
of the anterior legs combined with lateral
movement of the body. No stereotyped
behaviors in conjunction with contests were

Species
T.
ensifera

C. lami

Size Ratio
Behavior
p value

R2

Approach

0.3404

0.0325

Retreat
Attack
Deflect
Kill
Display
Approach
Retreat
Attack
Deflect
Kill

0.6048
0.1104
-0.1070
0.5348
0.5186
0.1670
0.6502
0.0753*
--

0.0097
0.0885
-0.0777
0.0139
0.0150
0.0671
0.0075
0.1087
--

observed in C. lami. Habitual body movements
of C. lami males consisted of vertical
“pumping” movements of the pedipalps and
continual vertical movement of the abdomen.
A distinct color morph of C. lami was
distinguished, different from the variations of
orange and black typically seen in male
individuals. Individuals of this color morph
had exoskeletons with iridescent, lightreflecting qualities. Photos of representative
individuals of T. ensifera and C. lami, including
the iridescent color morph, are listed in
Appendix B.
Experimental component
Body measurement values for T. ensifera
and C. lami are listed in Table 2. The average
ratio of dorsal surface area (T. ensifera/C. lami)
was 1.089.
A
linear
regression
of
behavior
frequencies based on individual body size
resulted in significant data (p < 0.05) for
Attacks and Kills by T. ensifera and marginally
significant data (p < 0.10) for Approaches by
T. ensifera. A linear regression of behavior
frequencies based on the body size ratio of the
opponents resulted in marginally significant
data for Deflections by C. lami. All other
statistical values were deemed insignificant. T.
ensifera did not perform any Deflections
during trials, and C. lami did not perform any
Kills during trials. P values and R2 values for
behaviors based on individual body size and
on body size ratio can be found in Table 3, and
scatter plots and linear trend lines for
behaviors that yielded significant data can be
found in Figure 3.

FIG. 3. Scatter plots and linear trend lines for results that yielded significant and marginally
significant data after running a linear regression. R2 and p values can be found in Table 3.

DISCUSSION
Spider collection and care
During field collecting, a low adult sex
ratio (males:females) was observed for T.
ensifera. Low adult sex ratios have been
observed
before
in
jumping
spiders
(Vasconcellos-Neto and Romero 2005) and
could be a result of the higher mortality rates
among males than females. The home range of
female jumping spiders is often smaller than
that of conspecific males, who tend to travel
farther distances in search of receptive females
(Ryman 2005). This mate-searching activity
increases opportunity for predator and
competitor encounters and can decrease
survivorship, as was found in the golden orbweb spider (Kasumovic et al. 2007). A possible
advantage of a low adult sex ratio is a reduced
level of male-male aggressive interactions, as
was found in a behavioral study in sand
gobies (Kvarnemo et al. 1995). This tendency
toward higher mortality rates among males in
denser populations and lower aggression
levels in sparser populations suggests an
equilibrium density, at which intrasex

aggression levels plateau and males can
optimally search for mates while maintaining
large enough numbers to achieve reproductive
success across the population.
Natural history observations
While no stereotyped or ritualistic
behaviors were observed by C. lami during
this study, that does imply that such a
behavior does not exist among the species, or
even that such a behavior was not exhibited
during the study. While jumping spider
stereotyped behaviors typically can be seen
with the naked eye, they do not rely solely on
visual cues. These behaviors often include
substrate-borne vibratory signals, which can
be extremely complex and have even been
found to be the primary predictor of fighting
success in Phidippus clarus (Elias et al. 2008).
These seismic signals are often entirely
undetectable without advanced equipment,
and a subsequent study could show that C.
lami performs more than what meets the eye.
During this study, the C. lami iridescent
color morph was only encountered on Motu
Tiahura, a distinct land mass separated from

Moorea by a water channel. While the habitat
on the Motu Tiahura is distinct from that of
mainland Moorea, it is unlikely that this color
morph is a result of an adaptive radiation on
the motu; the distance between the two land
masses is around one kilometer, and some
spiders have been found to travel long
distances, even hundred of kilometers, by
ballooning (Bell et al. 2005). Additional field
studies and observations might find
additional individuals of this color morph,
and perhaps additional color variations, on
the mainland of Moorea.
Experimental component
Linear regression of T. ensifera behaviors
based on individual body size yielded results
that suggested that behavior was dependent
on size. “Aggressive” behaviors (Approach,
Attack, and Kill) increased as size increased. It
seems unsurprising that an individual would
be more likely to engage in a contest under an
asymmetric size advantage, especially since
size is often correlated with biomass (Smock
2006). The significance of results yielded for
Kills by T. ensifera could be greatly improved
with an increased number of trials, since only
one Kill was performed in all 30 trials (by one
of the largest individuals in the study).
In contrast, the frequencies of behaviors of
C. lami were not affected by changes in body
size, even when the T. ensifera opponents were
smaller than C. lami contenders. During trials,
T. ensifera often adopted a more “dominant”
position within the arena– remaining in a
more fixed position while rotating to keep C.
lami in view as C. lami ran around the arena,
perhaps searching for an opportunity to
escape. These behaviors were sometimes
observed even when the body size of C. lami
exceeded that of T. ensifera, suggesting that C.
lami may be an inherently less aggressive
species than T. ensifera. This notion may be
surprising, yet it is a plausible explanation;
jumping spiders are renown for their
extraordinary diversity, even within genus
(Griswold 1987).
Also contrary to size-related hypotheses,
T. ensifera Displays did not have any clear
trends when analyzed in relation to individual
size or to size ratio. A possible explanation for
this result is that it is less costly for a male to
perform a display and avoid a contest than it
is to engage in a contest, regardless of size
advantage.
The
one
individual
who
performed a Kill did not perform any
Displays, suggesting that performing a

Display is not necessarily an act of
aggression– further studies could examine the
relationship between Displays and other
behaviors. These displays may serve to
intimidate an opponent, as the more upright
posture and spreading of anterior legs causes
T. ensifera to appear larger than in its normal
stature. On the other hand, they may be an
innate response that is subject to individual
variation. Further research could uncover the
nature of these ritualistic behaviors.
Perhaps
jumping
spiders
in
a
standardized arena are less likely to engage in
fights in general, as fights in nature are often
contests for access to resources (Haller 1995),
which are absent in the standardized arena.
With this in mind, it makes sense that
individuals, regardless of size, would be more
inclined to perform an intimidating Display,
because the cost of engaging in a contest does
not change while benefits are minimal due to
the absence of resources.
The results of this study have contradicted
my expectations in many ways. However,
they are unsurprising in that they suggest that
the biology and behavior of jumping spiders is
a field still full of potential for exploration.
The amount of variation and diversity among
Salticids is great at all levels– family, genus,
species, and individual. This experiment
suggests that size matters, but it is not
everything; perhaps the personality of the
species and the individual plays a more
crucial role in the interactions between these
jumping spiders.
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APPENDIX A
GPS coordinates of spider collection sites used in this study.
Site
GPS coordinates
Gump Station
Three Pines Lookout
Three Coconuts Pass
Motu Tiahura
Opunohu Bay mangrove area
Temae Beach

17°29'26"S, 149°49'34"W
17º32’13”S, 149º49’38”W
17°32'29"S, 149°49'42"W
17°29'16"S, 149°54'41"W
17º31’00”S, 149º50’57”W
17°29'49"S, 149°45'32"W

APPENDIX B
Photos of representative specimens of male Thorelliola ensifera, male Cosmophasis lami, male
iridescent color morph of C. lami, and female C. lami. Photos courtesy of Amy Moulthrop.
Thorelliola ensifera male

Cosmophasis lami male

Cosmophasis lami male
iridescent color morph

Cosmophasis lami female

