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ABSTRACT

A large-scale ecological experiment is underway on Santa Cruz Island, Galipagos, where an introduced ant (Wasmannias
auropunciata) is devastating all sympatric ants. Collecting, observarion, and experiments were used to study the extent and
mechanisms of Wasmannia's success. Seventeen taxa of ants were collected, of which four were endemic, and most of the
rest were well-known tropical tramp species. Current distribution of all species was determined. Greatest species diversity
occurred in the arid zone, which was also the area of lowest Wasmannia density. Systematic collecting-transects showed
that Wasmannia either exterminates or reduces to very low density all sympatric species on Santa Cruz. In many areas the
ant fauna composition changes from 100 percent Wasmannia to 0 percent Wasmannia within 100 m. Experiments with
artificial baits arranged in transects perpendicular to sharp boundaries showed that Wasmannia mobilized the greatest
number of workers, was very successful in replacing other species, and remained the longest time at baits. Wasmannia
ate primarily invertebrates, honeydew, and, in the hot season, plants parts. It was active 24 hr/day during three 24-hour
periods. There were no central, intraspecifically defended nests. Nests were small and numerous. No intraspecific aggres-
sion was ever observed, either under natural conditions or at bait stations. Wasmannia density increased with altiude up
to near the summit of the island. The species is not presently found in either the driest or wettest parts of Santa Cruz.
Currently no ant species occurs on Santa Cruz which can coexist with Wasmannias in zones of high Wasmannia density.
Because Wasmannia occurs in high density and consumes a variety of invertebrate prey, it is probably causing major eco-
system changes in invertebrate diversity and density.

RESUMEN

Un experimento ecolégico de gran escala se desarrolla actualmente en Isla Santa Cruz, Galdpagos, donde una especie
introducida de hormiga (Wasmannia auropunciata) esta diezmando a las otras especies. La extensién y los mecanismos
del éxito de Wasmannia fueron estudiados por medio de colecciones, observaciones y experimentos. Diecisiete especies de
hormigas fueron recogidas; 4 eran especies endémicas, mientras que la mayoria de las restantes eran especies bién cono-
cidas en otras zonas de los trépicos. Se presenta la distribucién actual de cada especie. La mayor diversidad de especies
se observo en la zona seca; esta zona es a la vez la zona de menor densidad de Wasmannia. Por colecciones cuantitativas se
demostr6 que en Santa Cruz Wasmannia extermina o diezma a las otras hormigas. En muchos sitios se pueden ver areas de
solo Wasmannia, a la par de 4reas sin una sola Wasmannia, en el curso de 100 m. Experimentos con cebos, que se llevaron
a cabo en estas areas de cambio abrupto, indicaron que Wasmannia establecid los grupos de trabajadoras més grandes, ob-
tuvo més exito en reemplazar a otras especies en los cebos, y permanecié mdis tiempo que las otras hormigas en ellos.
Wasmannia se alimentaba principalmente de in vertebrados, rocio de miel (excremento de Homéptera), y durante lIa esta-
cidén seca y caliente de algunas partes de las plantas. Trabajadoras activas fueron observadas cada hora durante tres periodos
de observacion de 24 horas. Wasmannis no construyé grandes nidos centrales, los nidos fueron pequefios y nunca observ-
amos agresion entre ellos. La densidad de las Wasmannia aumenté con la altitud, hasta llegar a un limite cerca de la cima
de la isla. En el presente no se da ni en la parte mis himeda de la isla, ni en la més seca. Acrualmente no existe ninguna
especie que pueda coexistir con las Wasmannia en las 4reas en que existe unz mayor densidad de las mismas. Debido a sus
habirtos alimenticios y su densidad alta es probable que Wasmannis haya causado grandes cambios en la diversidad y den-
sidad de los invertebrados en los ecosistemas de Santa Cruz.

WITH THE RISE OF INDUSTRIALIZED MAN the natural  rransport has led to countless cases of introduce

processes of immigration and extinction have acceler-
ated tremendously. Particularly on islands, human
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species. Although these introductions have frequenuy
led to extinction of indigenous island species, exact
details of the introduction-competition/ predation-ex-
tinction process have rarely been documented.

There are numerous examples of species of ants
which have, with the help of man, spread over enorm-
ous areas. Today, few or no inhabited islands lack in-



troduced ants. Species replacements and interactions
between introduced and indigenous ants have been
documented on many islands (Wilson and Taylor
1967, Wilson 1971, Greenslade 1972, Levins et al.
1973, Lieberburg er 4l. 1975). However, there are
very few quantitative data on the mechanisms of these
interactions.

We report here results of a study on an extremely
successful introduced species, Wasmannia auropunc-
tata (Roger), on Santa Cruz Island, Galapagos. W.
auropunctata is a small (less than 2 mm long), gold-
en or reddish brown ant distinguished by a painful
sting and a broad geographic range. On the American
continents the species occurs from Argentina to
Florida (Spencer 1941, Kusnezov 1951), and it is
also present on many Caribbean Islands, on the Ga-
lapagos, and in the Old World cropics (Creighton
1950). Spencer (1941), Fernald (1947), and Os-
burn (1949) have described the narural history of
the species in agricultural and domestic environments
in Florida, and Kusnezov (1951) has presented qual-
irative ecological observations on Wasmannia in
Argentina. '

The primary goal of the current study was to
document the current status of Wasmannia auropunc-
tata on Santa Cruz, and to study those aspects of
the aut- and syn-ecology which appeared to be im-
portane to its success. As the work progressed, it be-
came clear that Wasmannia was obliterating the other
ants of Santa Cruz. A special effort was then made
to study Wasmannia in areas where interactions with
other ants were in progress, and to examine the nature
of these interactions.

STUDY AREA AND HISTORY

Santa Cruz Island is a large (904 km?, Wiggins and
Porter 1971) oceanic island of volcanic origin, locat-
ed approximately in the center of the Galapagos
Archipelago. Because it is a relatively high island
(maximum elevation 864 m, Wiggins and Porter
1971), it supports vegetation ranging from arid scrub
to wer montane forest. Further descriptions of the
vegetation and climate are provided by Wiggins and
Porter (1971) and Hamann (1979).

The date of introduction of Wasmannia onto
Santa Cruz Island is unknown. One early colonist
recalls that Wasmannia tirst appeared berween 1910
and 1920. Whatever the acrual date of introduction,
the species was not common in the first third of this
century. It was not collected in 1905, 1924, or 1932
(Wheeler 1919, 1924, 1933). The first published
record of Wasmannia in Galipagos was by Silberglied
(1972), who described the history of the species in

the islands and noted some ecological dangers posed
by the introduction.

MATERIALS AND METHODS

Field work was carried out from July to September
1975 (the cool season) and from February to May
1976 (the hot season). Ants were collected by hand
or with aspirators and preserved in 80 percent eth-
anol. Voucher specimens are stored in the Harvard
Museum of Comparative Zoology. Foraging behavior
of ants was studied with bait lines consisting of 22
(except one case of 11) bait stations in a straight line
at 10 m intervals. Each station consisted of a petri
dish filled with a concentrated water solution of table
sugar. At each census of a station, the number and
species of workers present was recorded. We could
not distinguish between Pheidole williamsi Wheeler
and P. species (flavens group) in these observations,
so for the baiting experiments these taxa are com-
bined. Baits were always observed sequentially, but
the time between successive censuses at a station
varied from five to 60 minutes.

Between February and May 1976, systematic
collecting was carried out along 19 200 m transects
perpendicular to the north-slope highway. Each tran-
sect (approximately 2 m wide) was searched for two
person hours in an attempt to collect all species pres-
ent. Transects were located at either 0.5 or 1.0 km
intervals measured from the twin craters (Los
Gemelos).

To determine the daily cycle of activity of Was-
mannia, the behavior of ants in 2 1 m? quadrar was
monitored for 24 hours on three occasions. The quad-
rat was located above the cliff ar the Charles Darwin
Research Station (CDRS) in arid zone vegetation at
the base of a Bursera graveolens tree. Dates of obser-
vation were 19 September 1975 (cool season, full
moon), 29 February 1976 (hot season, new moon),
and 16 March 1976 (hot season, full moon). Behavior
was recorded during a five-minute period beginning
every hour; a flashlight was used for nocturnal ob-
servations. Approximate density of Wasmannia at
several sites was determined by counting all active
workers up to a height of 2 m, in either 10 or 20
1 m? quadrats at 10 m intervals. Biomass of foods
brought to nesr< was determined by observing 15
different nests fc- 25 minutes each in the south-slope
arid, transition, and Scalesia zones. All solid foods
brought to each nest were taken from workers and
weighed. Number of workers bringing honeydew (as
judged by swollen abdomens) was also recorded. The
weight of an average load of honeydew was calculated
by weighing 1000 Wusmunnia with full abdomens
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(0.27 g), subtracting the weight of 1000 Wasman-
nia maintained without food for 24 hours (0.08 g),
and dividing by 1000.

SYNECOLOGY OF ANTS OF
SANTA CRUZ ISLAND

We collected 17 species of ants on Santa Cruz (table
1). Four taxa were endemic; most of the rest were
common tropical “tramp” species. The minimum rate
of endemism on Santa Cruz is therefore 4/17 or 24
percent, a figure which is considerably lower than
the presettlement rate of endemism, due to the num-
erous introduced species.

All four endemic species that were collected in
the early part of this century (Wheeler 1919, 1924,
1933) were also collected by us. Thus, over a 50-year
period no described endemic ant has become extinct
on Sanra Cruz.

It is difficult to document introductions in the
last 50 years, since some species could have been over-
looked by early collectors. However, both Wasmannia
and Monomorium floricola (Jerdon) were missed by
early collectors and yet are currently common to

abundant. It therefore seems likely that at least two of
the current 17 species represent recent introductions
to Santa Cruz. )
Table 1 shows the numbers and locations of col-
lections for all species on Santa Cruz. The data do not
reflect equal sampling effort in all areas, nor equal
rates of collection of each species. Only qualitative
data are given for Wasmannia, because we frequently
ignored it when collecting other species. The
data give a crude index of relative collectability with-
in each zone. For example, Cylindromyrmex williamsi
Wheeler was collected in only two of 429 samples
(both samples from the same general area on the
same day). While the true relative frequency of this
species is unknown, it was clearly difficult to collect.
Of the 17 species collected, eight were concen-
trated in the arid and tranmsition zones, seven had
very broad altirudinal ranges, and two were confined
principally to higher elevations (table 1). The arid
zone had the highest ant diversity of the five major
vegetation zones sampled; only two of 17 species
were never collected in the arid zone. Note the great-
er species diversity and frequency of collection in the
north Scalesia and transition zones relative to the

TABLE 1. Number and location of collections of ants on Santa Cruz Island, Galdpagos.
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Tapinoma melanocephalum (Ta) 12 0 0 0 0 0 0 4 16
Conomyrma sp. (Co) 10 0 0 0 0 0 1 9 20
Tetramorium simillimum (Ts) 3 0 0 0 0 0 0 0 3
Cylindromyrmex williamsi* (Cw) 0 0 0 0 0 0 0 2 2
Camponotus macilentus* (Cm) 6 0 0 0 0 0 0 3 9
Paratrechina longicornis (Pl) 8 0 0 0 0 1 0 0 9
Monomorium floricola (Mf) 14 0 1 0 0 1 0 13 29
Solenopsis globularia (Sg) 17 0 0 0 0 3 11 21 52
Tetramorium guineense (Tg) 12 1 6 0 0 3 1 0 23
Pheidole williamsi* (Pw) b) 0 0 1 1 3 18 9 37
Camponotus planus® (Cp) 6 1 2 0 0 4 18 13 44
Pheidole sp. flavens group (P) 2 4 3 8 1 22 9 0 49
Paratrechina vaga (Pv) 23 2 7 5 2 27 10 17 93
Cardiocondyla sp. (Ca) 1 0 0 2 0 2 13 4 22
Hypoponera sp. (H) 0 0 2 4 1 13 4 0 24
Strumigenys sp. (S) 0 0 2 3 0 1 1 0 7
Total for zone 119 8 2 23 5 8 8 95 439
Wasmannia auropunctata® (Wa) + -+ + + - + + -
*Endemic species. "4 = presentr, — = absent.
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southern counterparts. The south-slope depression
is due to W. auropunctata (see below).

EFFECTS OF Wasmannia ON ANT DISTRIBUTION.—
Table 2 shows the results of a series of transects per-
pendicular to the north-slope highway. The depress-
ing effect of W. auropunctata on ant diversity is ob-
vious. At only one site did Wasmannia and other
species co-occur. At this location we observed seven
fights bertween Wasmannia and other species in a
45-minute period.

As the darta in rable 2 imply, boundaries of Was-
mannia distribution were often extremely narrow and
well demarcated. Composition of the ant fauna
changed from 100 percent to 0 percent Wasmannia
in the course of 100 or even 50 m. Table 3 shows the
results of baiting experiments run perpendicular to
sharp boundaries. Seven of the eight experiments were
run in areas of what appeared to be uniform habitar,
so we discount the possibility that these boundaries
are due to vegetation, soil, climate, or a similar factor.
Interspecific fighting on the baits was often observed.

In addition to sharp boundaries, we also observed
areas where Wasmannia and other species co-occurred.
We suspect that co-occurrence has ar least two ex-

planations. One is that in certain areas (e.g., the arid
zone around Puerto Ayora) Wasmannia becomes
dominant only during the hot, wet season. Other spe-
cies may survive by being active during the rest of
the year. A second explanation is historical. The
northwest area of the island is undergoing rapid ex-
pansion of Wasmannia (according to residents), and
co-occurrence may be a fairly ephemeral phenomenon.
In all areas where the density of Wasmannia was
high, other ants were either totally absent or extremely
rare. Spencer (1941) encountered a similar situation
in agricultural situations in Florida, where he reported
that . . . within the network of heavy (Wasmannia)
infestation other ant species are conspicuous by their
absence.”

FORAGING PATTERNS.—Partterns of foraging in Was-
mannia and other species were investigated at a series
of sugar-water bait stations. We examined the fol-
lowing variables: size of foraging groups, ability to
encounter baits, ability to persist at baits, ability to
monopolize baits, and success at interspecific replace-
ment.

Eleven of the 17 species that we collected on Santa
Cruz appeared at the bait stations (table 3). Of the

TABLE 2. Distribution of ants on the north slope of Santa Cruz. Data come from a two person-hour search of a 200 m
transect at each location. ( Abbreviations correspond to genus and species of ants in table 1.)
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1.5 510 T X

2.0 480 T X

3.0 418 T X

4.0 408 T X X X X X X

5.0 344 T X X X X

6.0 311 T X X X X X X
7.0 290 A X X X

9.0 134 A X X X

10 104 A X X X

i1 91 A X X X
12 A X X X e
13 45 A X X X
14 37 A X X X
15 24 A X X X
16 18 A X X X
17 <} A X X X

*S ='Scalesia zone, T = Transition zone, A = Arid zone (after Wiggins and Porter 1971).
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TABLE 4. Species replacement by ants at sugar-water baits on Santa Cruz Island. Data are from eight experiments (table
3) combined. Species abbreviations correspond to table 1.

Winaers (replacing species)

-~ Cp P Sg Tg Pv
2
8 Cp X 3 _ — —
& P 1 X 1 1 9
% Sg — 3 X t —
= Tg —_— — — X —_
3 PP — 9 1T — X
2 Ca i 4 —_— 1 1
£ Wa 2 1 = 1
~ Tm — — 5 —_ —
5 Mf — — — — —
2 - = = 2 =
Total wins 2 21 8 5 i1
% Wins 33 58 33 83 34

¢
2 8
Ca Wa Tm  Mf Pl g "sﬂ
— R3S
1 _ — - - 4 67
1 2 —_ - —_ 15 42
2 3 1 2 4 16 67
_ - = — 1 1 17
1 10 _ - = 2 66
X 7 — —_ - 14 74
— X 1 _ 3 8 25
—_ 2 X s 6 18 82
— 1 1 X 1 3 21
S 1 4 X 7 32
5 24 4 1t 15
26 75 18 79 68

species that did not appear, three were rare and one
(Camponotus macilentus F. Smith) was nocrurnal/
crepuscular. Although Conomyrmya sp. and Hypo-
ponera sp. were relatively common, for unknown
reasons they never appeared at baits. Because the
majority of common species appeared at the bairs,
the following results apply to a large percentage of
ant interactions on Santa Cruz.

Because the dishes were checked in sequential
series, we used species replacement in subsequent
checks as an index of interspecific competitive ability.
Table 4 presents the data on species replacement from
all eight experiments combined. Species replacements
did not occur randomly. There was extremely sig-
nificant heterogeneity among the eight most common
species in their rates of replacing and being replaced
(X%qe==135.5, P < 0.005).

Table 5 shows the number of consecutive obser-
vations that a species was present at bait stations. We
hypothesized that species which were able to urilize
dishes for a long time would also be the species which
had good "win-loss” records. This assumption turned
out to be true. There was a positive correlation be-
rween the percentage of wins and the percearage
of observations at which a species was present three
or more times in succession {r.s==0.685, P < 0.05).
There are at least two plausible explanations for this
correlation. It might be due to random mixing of
non-interacting species which have iarrinsically dif-
ferent temporal resource utilization patterns, or aleer-
natively, it could be due o interspecific competition:
species which remained longer at baits did so because
they were superior comperitors.

TABLE 5. Percentage occurrence of obserrvation sequences
of dz/fgrent lengths at sugar-water baits. Data
from eight experiments (table 3) combined.

Perceat of all observation sequences lasting:

Species 1 check 2 checks 3 checks N {sequences)
Wa 13 7 80 101
Tg 10 20 70 10
M¢f 38 13 50 8
P 34 18 47 38
Pv 39 14 46 56
Pl 44 11 44 18
Tm 44 19 37 27
Cp 67 17 17 6
Ca 85 15 0 20
Sg 57 29 14 21

Another hypothesis was that species which had
good win,loss records would also be successful at
excluding all other species from their baits. However,
the correlation berween percent wins and percent
exclusive occurrence on dishes (table 6) was not
significant. Six of the eight species for which there
were sufficienc data to calculate a win‘loss record
did fall into the predicted relationship. Two species,
however, differed greatly from expectation. Tapinoma
melanocephalupz (Fabricius) "won” only 18 percent
of its replacement events, yet in 615 percent of its
occurrences it was the only species at that station.
Perhaps the high percentage of sole occupancy of a
bair reflects rapid urilization of unoccupied baits
rather chan interspecitic exclusion. Monoworizm: flor-
icole had a high winning percentage (79¢ ), but
in only 30 percent of its occurrences was it the only
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species at the bait station. Evidently M. floricola can
forage successfully with many species, even though
it capnot exclude them.

Our definition of a "winning™ species was based on
species replacement at subsequent checks. Using this
criterion there were at least two cases where species
would incorrectly be recorded as “winners.” Species
encountering previously occupied but currentdy va-
cant baits would appear to have repulsed the previous
species (as suggested for T. melanocephalum). Al-
ternatively, species which were actively repulsed from

TABLE 6. Percentages of solitary occurrence for species dur-
ing baiting experiments on Santa Cruz.

% of
observations
with no other
Number species
Species occurrences present
Wasmannia auropunciata 458 81.9
Tetramorium guin¢ense 33 84.3
Paratrechina vaga 189 64.0
Tapinoma melanocephalum 65 615
Paratrechina longicornis 63 57.1
Pheidole spp. 127 52.8
Camponotus planus 10 50.0
Solenopsis globularia 56 46.4
Monomorium floricola 34 294
Cardiocondyla sp. 31 29.0

a bait but occupied the bait after the dominant spe-
cies lefc would be scored as “winners.” The only way
1o determine if such cases are common relative to
competitive exclusion would be to rerun the experi-
ments using continuous observation (which would
mean a greatly reduced sample size).

Table 7 shows the frequency distribution of the
maximum number of individuals occurring at each
dish at which a given species appeared. Wasmannia
auropunctats showed the broadest range of maximum
aumber recruited. It also recruited the largest groups.
Thirty-five percent of Wasmannia's maximum groups
were composed of more than 128 workers, whereas
only 4 percent of all other species’ maxima were this
large. A species’ win/loss record was positively cor-
related with a crude index of size of group recruited
(the octave in which the median group size occurred,
table 7: r,3=0.655, P < 0.05). In general, species
which recruired larger groups were “winners,” species
which recruited only small groups were “losers.”

We were unable to detect any systematic temporal
pattern in the order in which species found or took
over baits. We compared the number of times each
species was the first found on a bait with the number
of times it was last on a bait, for the four species for
which we had sufficient observations. There was no
significant interacrion between species identity and
order of appearance. Sample sizes were not large,
however, so the question deserves further study.

TABLE 7. Frequency distribution (%) of maximum numbers observed foraging a individual sugar-water bait stations on

Santa Cruz.
;:_3-:
3
_§ @
Maximum number observed g .S
Species 1-2 3-4 5-8 9-16 17-32  33-64 65-128 129-256 257-512 512 2 g
Wasmannia
auropunctata 6 1 1 10 16 13 17 9 24 2 87
Paratrechina vaga 15 12 15 27 12 12 7 —_— — —_ 41
Pheidole spp. 10 13 10 16 6 26 13 3 3 — 31
Solenopsis
globularia 35 —— 24 — 24 12 6 —_ —_— — 17
Tapinoma
melanocephalum 18 — 12 24 18 29 —_ —_— — — 17
Cardiocondyla sp. 47 13 13 — 20 — 7 —_ — — 15
Paratrechina
longicornis 36 9 9 — 9 18 18 — — — 11
Tetramorium
guineense - —_ 11 e 11 22 56 —_ — — 9
Monomorium
floricola 17 17 - — — 33 33 — —_ — 6
Camponotus planus 67 — 17 17 — — — — —_— — 6
Total 240
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AUTECOLOGY OF

Wasmannia auropunctata

DIET AND FEEDING RATES.—Wasmannia anropunc-
tata ate a wide variety of foods (table 8), primarily
invertebrates, plant parts, and honeydew. Although
the dara in table 8 were not collected randomly, plant
parts were more frequent in the hot season (46%
of observarions) than in the cool season (6%).

TABLE 8. Food items collected from foraging Wasmannia
auropunctata oz Santa Cruz.

ARTHROPODS
Insects
Coleoptera 26
Dictyoptera 28
Lepidoptera 42
Hemiptera 43
Orthoptera 5
Neuroptera 5
Pscoptera 1
Hymenoptera ) 39
Chilopoda 2
Arachnida 11
Crustacea {mainly isopods) 38
Unidentified arthropods 101
GASTROPODS 29
ANNELIDS 3
AVES (feather) 1
PLANT MATERIAL
Seeds 69
Flowers, leaves, stems, unidentified 173
616

Wasmannia has at least two common foraging
patterns. In the case of large, solid objects workers
cooperate; for example, during rwo hours of obser-
vation we observed 15 to 20 workers move an intact
isopod about 50 cm. At honeydew and sugar-warer
baits, large groups are recruited. A common sight is
two parallel lines of workers going in opposite di-
rections, the full workers with swollen abdomens and
the others with noticeably smaller abdomens.

In order to determine the relative importance of
honeydew, during the 1976 hot season we observed
foraging workers at a series of nests in the arid,
transition, and humid zones on the southern slope.
The data (rable 9) show that in all zones honeydew
was an order of magnitude more important (wet
weight) than other items as a food source. For every
worker transporting solid items, there were 60 to
110 eransporting honeydew (rable 9).

We do not know how these rates compare to
night-time or cool-season rates, however, it is clear

TABLE 9. Dajtime feeding rates of Wasmannia auropunc-
tata. Data are based on 25-minute observations
of each of 15 nests in each vegetation rone.

Solid foods Honeydew
=
~ 3
g T
T E
c =5
- -3 ER » Ty
g g =oF =& o3g
. 23 ~E 3N ™ e~
Vegetation -] 3 g % .9
zone Date HHg w0 E Hg s B
Arid 5,121V 76 0.58 29 343 65.2
Transition 6,131V 76 0.45 3.5 39.7 75.3
Humid 8,131V 76 0.36 1.1 40.1 76.1

that W. auropunctata consumes substantial quantities
of invertebrates. An assumed density of three nests
of Wasmannia per m* and 24 hr year-round activity
(see below) leads to a projected consumption of
0.55 kg of solid foods {mostly invertebrates) per m®
per year in the transition zone. Some unknown por-
tion of the invertebrates are scavenged, but many
instances of active predation were observed; so ¥
auropunctata probably affects the native invertebrate
fauna significantly, and may also affect higher tro-
phic-level organisms such as birds and lizards that
depend on invertebrates for food (cf. Brown and
Davidson 1977).

SOCIAL STRUCTURE.—Three types of aggregations of
W asmannia were observed. One type consisted of only
workers, and ranged from a few to more than 100; a
second aggregation consisted of workers with im-
mature stages (larvae, pupae, eggs); while the third
type consisted of one to several queens with workers
and immatures. Social relations berween neighboring
aggregations appeared to be non-exclusive. No intra-
specific aggression berween Wasmannia was ever ob-
served. Using sugar-water baits colored with dyes,
we observed workers from adjacent nests sharing
baits without aggression, and we also noted a few
cases of workers moving from nest to nest. Wasman-
nia workers placed in other Wasmannia nests, wheth-
er adjacent or far away, were not attacked. Workers
of Tetramorium guineense (Fabriciuz®, C. planus
F. Smith, C. macilentus, T. melanoc. phalum, and
Puratrechina longicornis (Latreille) (but not wwo
M. floricola) were attacked when placed in Wasman-
nia nests.

Holldobler and Wilson (1977) define the social
structure exhibited by Wasmanniz as unicolonial,
that is, having no colony boundaries but rather with
“intercommuanicating aggregacions of workers, brood,
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and fertile queens.” They cite W. auropunctata as a
unicolonial species that spreads largely or entirely
by "budding off groups of workers accompanied on
foot by inseminated queens.” Although colony estab-
lishment was not observed, the existence of very
sharp boundaries to Wasmannia's distribution is con-
sistent with the hypothesis of range expansion by
budding.

Aggregations of Wasmannia wete found in a
variety of sites, such as under rocks and logs, around
stems and rrunks, and under loose bark or bryophyte
mats. These sites offered a moist microhabitat in dry
areas and relarively dry microhabitats in wet sites.
Similar nest sites and social organization were found
in both Florida (Spencer 1941) and Argentina
(Kusnezov 1951).

Workers are apparently sterile and unable to lay
viable eggs. During a 71-day period no signs of re-
production were seen in five flasks which originally
each contained 50 workers. During the same period
eggs, larvae, and pupae appeated in two of three
flasks that originally contained SO workers and one
queen.

DieL acTiviTY—During three 24-hr periods of ob-
servation, W, axropunctata were continuously active,
but the level of activity varied, without obvious rela-
tion to day or night. During the cool-season observa-
tions, all acrive ants were counted each hour, and per-
cenr activity (relative to the mean activity of the 24
observations) ranged from 71 to 127 percent. Major
activities observed were transporting food, attacking
small invertebrates, and moving winged and wingless
queens, as well as larvae and pupae, from one site
o another. Other species of ants {C. macilentus, C.
planus, T. melanocepbalum, P. longicornis, and Sol-
enopsis globularia (F. Smith), and two unidentified
species) were observed foraging very close to Was-
mannia. Only one instance of interspecific aggression
was noted {(two Wasmannia avacked a T, melano-
cephalum, which escaped).

To determine if nocturnal activity was an artifact
of observation with a flashlight, two controls were
run (18 and 26 March). A single observation at mid-
night on both occasions revealed apparently normal
levels of activitv. We therefore assume that 24-hr ac-
tivity was normai in this nest and not induced by our
observation technique.

These observations indicate that at least some
Wasmannia colonies in the arid zone are active year-
round, 24 hours a day. Activity patterns in the cooler
humid zone were not studied; in these areas of lower
temperature and higher rainfall Wasmannia behavior
may be quite different.
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RELATION OF DENSITY TO ALTITUDE AND CLIMATE.
—Within broad limits, the density of Wasmannia
increased with increasing altitude and rainfall. The
species occurred up to the lower portion of the Mi-
conia zone on the south slope, bur was never found
in the very moist fern-sedge zone of the summit. Guy
Coppois (pers. comm.) has noted local expansion
of Wasmannia into the lower Miconia zone during
the hot season, and subsequent disappearance during
the following cool season. On the north slope, which
is drier than the south due to the prevailing south-
easterly winds, Wasmannia occurred in a narrow band
abour 3 km broad (fig. 1), stretching from the lower
Scalesia zone into the upper transition vegetation.
Kusnezov (1951) reported a similar preference for
mesic habirats in Argentina.

Figure 2 shows the results of quadrat sampling
at different elevations on the south slope. Density in
the Scalesia zone is very high, an estimated 1000-
5000 workers/m?. Since we only censused to a height
of 2 m, acrual densities are even higher.

These data support the common observation of
inhabitants of Santa Cruz that Wasmannia is more
numerous in the hot season. Density also responded
to short-term weather conditions within each of the
two major seasons. In a series of four censuses (two
in each season) of a 25 m? plot in the transition zone,
density of groups and queens in each season was sub-
stantially higher in the census with the greater amount
of rainfall in the preceding 30 days.

DISCUSSION

The results of this study parallel those of several other
studies on introduced anmrs. Greensiade (1972) ex-
amined native and introduced ants in coconut plan-
tations on Guadalcanal. He identified four character-
istics associated with a species’ success: small work-
ers, unicolonial social structure, honeydew an im-
portant food source, and terrestrial as opposed to strict-
ly arboreal nests. Wasmannia corresponds closely to
this suite of characteristics. It is one of the smallest
species on Santa Cruz, and was the most successful
species at mobilizing large groups of workers and
maintaining them at bait stations. Wasmannia's social
structure was unicolonial; intraspecific aggression was
never observed, and nests with multiple queens were
common. Honeydew was an important food source
(table 8). Wasmannia nested on the ground bur also
nested readily in trees, and was thus more versatile in
this regard than the species Greenslade studied.
Similar conclusions were reached by Erickson
(1971) in a study of the displacement of native ants
by introduced Iridomyrmex humilis Mayr in Califor-
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FIGURE 1. Approximate distribution (stippled area) of Wasmannia auropunciata on Santa Cruz Island in 1976.
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FIGURE 2. Relation between density of Wasmannia auro-
punctata workers and altitude on the south slope of Santa
Cruz Island. Circles represent hot-scason data, stars come
from cool-season censuses.

nia, which uses honeydew, is unicolonial, and pro-
duces numerous small workers. In this case the prin-
cipal displaced species (Pogonomyrmex californicas
Buckley) was larger, had more specific food require-

ments, and formed smaller colonies than 1. Aamilis.
Erickson observed a steady displacement of P. cali-
fornicus over a six-year period.

In Bermuda, Pheidole megacephala F. largely re-
placed the native ant fauna (Haskins and Haskins
1965). In the 1950's Iridomyrmex humilis appeared
in Bermuda and began replacing P. megacephala,
rapidly ac first but later at markedly lower rate
(Crowell 1968). In this case both species were uni-
colonial with small workers.

Hélldobler and Wilson (1977) suggest that tramp
species like W. auropunctata, P. megacephala, and I
humilis, because they are unicolonial and support
dense populations, must be generalists in food and
nest-site requirements, a situation that was true for
Wasmannia on Santa Cruz. Relative to most other
species, Wasmannia tolerate? a wide variety of en-
vironmeants. It foraged 24 huurs a day, and so had 2
broader spectrum of foods available to it than species
like Camponotus macilentus that were either diurnal
or crepuscular/nocrurnal. Wasmannias consumed a
wide variety of foods, but because diet information
for the other species is lacking it is not known wheth-
er Wasmannia's diet is in fact broader than that of
the other ants.
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The baiting experiments demonstrated that in sit-
uations of interference competition for a concentrated
resource Wasmannia is the best comperitor on Santa
Cruz. While suggestive, these data do not prove that
Wasmannia's dominance is due to superior interfer-
ence comperitive ability. Other possible explanations
could be superior exploitative competitive ability, di-
rect predation on other ants, or most probably some
combination of these three processes. It would be pos-
sible to resolve the problem through careful obser-
vation of ant foraging at sharp boundary areas and
in non-Wasmannia sites.

The ant fauna of Santa Cruz is in a state of transi-

tion. Two of the endemic species, Camponotus planus
and Pheidole williamsi, have been devastated by Was-
mannia (tables 1 and 2). The other two known en-
demics, Cylindromyrmex williamsi and Camponotus
macilentus, have largely escaped the effects of Was-
mannia, since both species are arid-zone specialists
(table 1; Wheeler 1924). The effects of other species
of introduced ants on the arid-zone endemics are not
known. :
The present data demonstrate that no ant now
present on Santa Cruz can resist Wasmannia in areas
of high Wasmannia density (tables 2 and 3). To the
extent that a species’ distribution overlaps with Was-
mannia's, therefore, thar species must be considered
endangered on Santa Cruz.

The long-term ecosystem effects of Wasmannia
in the Galdpagos are impossible to predict, primarily

because comparative data on invertebrate density in
Wasmannia and non-Wasmannia areas are not avail-
able. Given the observed density of Wasmannia and
the catholic range of prey taken, it is very likely that
in areas of high Wasmannia density, invertebrate
density has been substantially reduced. A similar sit-
uation has apparently occurred in Hawaii, where ac-
cording to Zimmerman (1970) the introduced preda-
tory ant Pheidole megacephala has devastated the en-
demic insect fauna.

Wasmannia currently occurs on Santa Cruz, Flor-
eana, San Cristébal, Isabela, and Santiago Islands. It
was introduced but successfully eradicated on the arid
istand of Sanca Fe. Based on the Santa Cruz data, it
appears that areas of maximum Wasmannia impact
are the mesic zones, which occur only on the high
islands of the Galapagos. It is especially vital that
high islands which have not yet been infected (Pinta,
Fernandina, some volcanoes of Isabela) be protected.
Areas which are probably undergoing rapid change
(like Santiago) should be studied.
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ANTS OF GALAPAGOS (various authors)

1.PONERINAE

Cylindromyrmex striatus

ol ! williamsi ***
Odontomachus bauri
Hypoponera beebei

2.MYRMICINAE

*** Pheidole williamsi ***
" spec. flavens group
Monomorium pharaonis
" floricola
Solenopsis saevissimia
" geminata
" galanageia *** ENDEMIC SPECIES ***
" globularia
Tetramorium guineense
" simillimum
Wasmannia auropunctata
Strumigenys soec.
Cardiocondyla spec.
Crematogaster brevisninosa

3.DOLICHODERINAE

Norymyrmex pyramicus
Taninoma melanocephalum

4. FORMICINAE

Paratrechina longicornis

" vaga

" vividula

" fulva
»¢ Camponotus macilentus ***
R 2 2 4 " n]_a-m_ L 2 23

1 5 Genera ; 2 6 Species (17 Species determined by E.0. Wilson)



