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RECENT CHANGES IN THE INTRODUCED POPULATION 
OF THE FIRE ANT SOLENOPSIS SAEVISSIMA 

(FR. SMITH) 

E. 0. WILSON AND W. L. BROWN, JR. 

Museum of Comparative Zoology, Harvard University 

November 23, 1957 

INTRODUCTION 

A reconstruction of the history of the 
imported fire ant population in the south- 
ern United States, from the time of its 
introduction around 1918 until 1949, has 
been presented by one of us in earlier 
papers (Wilson, 1951, 1953). Briefly, 
it was shown that the population con- 
sisted for the first ten years or so of a 
"dark phase," corresponding to the south- 
ernmost geographic variant of the South 
American mother population. During 
this early period the species was unable 
to spread outside the limits of Mobile, 
Alabama, the port into which it had been 
introduced. Around 1930 a second form, 
lighter in color and smaller in size, made 
an appearance and in the ensuing twenty 
years rose to predominance in the popu- 
lation. With the appearance of the light 
phase, the species as a whole commenced 
a rapid spread, until by 1949 it occupied 
a broad area encompassing several coun- 
ties in adjacent parts of Alabama, Missis- 
sippi, and Florida. The light phase is 
morphologically identical to a geographic 
variant from a central sector of the South 
American mother population. In the 
United States it has interbred completely 
with the dark phase to produce a graded 
series of intermediate forms, of such a 
nature as to suggest that the two extreme 
forms differ by polygenes. 

In 1949, when S. saevissima began to 
receive a great deal of public attention as 
an insect pest, a survey program was 
started by the Bureau of Entomology and 
Plant Quarantine of the United States 
Department of Agriculture, and this 
agency has been following closely the 

spread of the introduced population since 
then. In 1956 and 1957 the present 
authors returned to the infested area to 
carry on further ecological work and to 
determine whether significant shifts in 
the frequencies of the color phases have 
occurred since the time of Wilson's origi- 
nal study in 1949. Additional, more lim- 
ited studies were made at this time on 
the effects of competitive pressure from 
S. saevissima on the native species of 
Solenopsis. The results of this recent 
work form the material of the present 
paper. 

THE CONTINUING SPREAD 

OF THE POPULATION 

Figures 1 and 2 show the spread 
of S. saevissimca since its introduction 
around 1918. It will be noted that the 
ant has been increasing its range by two 
means: steady expansion of the main 
population outward from its center at 
Mobile, and establishment of isolated, 
secondary populations beyond the limits 
of the main population. The main popu- 
lation has been growing outward rather 
constantly at a rate of approximately five 
miles a year, undoubtedly through the 
primary agency of nuptial flights and sub- 
sequent founding of colonies by single 
fecundated queens. The secondary popu- 
lations are usually founded by lone 
queens or fragments of colonies carried 
in nursery stock, as shown by the work 
of Culpepper (1953). With time, some 
secondary populations have expanded to 
the point of fusing with each other or 
with the encroaching main population. 
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FIG. 1. Distribution of Solentopsis saevissivMa in the United States in 1953. The broken 
circles represent small secondary populations, mostly centered at and limited to commercial 
nurseries. The main area of infestation and three secondary populations in Mississippi and 
Louisiana are more extensive, and their limits more precisely known, so that they are indicated 
by solid lines. (Adapted from Culpepper, 1953.) 

THE GENETIC BASIS OF THE VARIATION 

The extreme color forms differ from 
each other in other characters, notably 
development of the gastric spot, total size, 
size and form of the nest, and certain de- 
tails of habitat selection (Wilson, 1951). 
It was suggested originally that the dif- 
ference is based on polygenes acting 
pleiotropically. This hypothesis must now 
be revised in part. A study of the South 
American population of saevissima has 
revealed that the three principal morpho- 
logical characters show discordant geo- 
graphic variation (see Wilson, 1952, 
for a partial description). Specifically, 
ground color darkens along a north-south 
cline, total size is smallest near the center 
of the population and increases both 
northward and southward, and the size 
of the gastric spot tends to show an ir- 
regular pattern of local variation. A 

closer examination of the intergrading 
extreme color forms at Gulf Shores, Ala- 
bama, in 1956-57, showed that ground 
color and gastric spot variation are only 
partly correlated. These data suggest 
that while variation of morphological 
characters may be under polygenic con- 
trol, the polygene systems of the indi- 
vidual characters are partially or wholly 
independent of each other. There is not 
yet enough evidence to determine whether 
the same consideration applies to the eco- 
logical and ethological characters. 

THE CONTINUING DECLINE 
OF THE DARK PHASE 

In 1956-57 visits were made to several 
localities where the frequency of color 
phases had been determined in 1949, in 
order to learn whether the frequency had 
shifted in the intervening period. In 
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FIG. 2. Spread of the main area of infestation of Solenopsis saevissima, indicated 
by solid lines. Broken lines delimit secondary populations, mostly restricted to the 
vicinity of nurseries, as known in 1957. The distribution of the main population in 
1957 as indicated here is not strictly comparable to that shown for earlier years, since 
the internal structure of the population now occurring over this much wider area is 
known in less detail, so that the extreme limits may enclose some secondary popula- 
tions that were still isolated in 1957. (Adapted from Wilson, 1951; Culpepper, 1953; 
and recent records of the U. S. Department of Agriculture.) 

TABLE 1. Comparison of frequencies of dark and light phases in 1949 and 1956-57 in selected 
localities within the range of the introduced population 

1949 1956-57 

Locality Dark Light Dark Light 

Beach Road, Gulf 0.80 (8) 0.20 (2) 0.39 (7) 0.61 (11) 
State Park, Alabama 

Main Road, Gulf 0.67 (2) 0.33 (1) 0 1.0 (13) 
State Park, Alabama 

Foley, Alabama 0.70 (7) 0.30 (3) 0 1.0 (11) 

Ft. Morgan Road, 1.6 mi. 0.40 (2) 0.60 (3) 0 1.0 (3) 
west of Gulf State Park, 
Alabama 

Ft. Morgan Road, 7.7 mi. 0 0 0 1.0 (2) 
west of Gulf State Park, 
Alabama 

Ft. Morgan, Alabama 0 0 0 1.0 (1) 

Lowndes and Noxubee 1.0 (20) 0 1.0 (15) 0 
Counties, Mississippi 

* Enclosed figures are absolute numbers of colonies. It should be noted that with the exception 
of the data for Lowndes and Noxubee Counties the figures given pertain to all or nearly all of the 
colonies at a given locality, and not to a random sample drawn from a larger population. 
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FIG. 3. Dark-phase fire ants in the Artesia, Mississippi, population. Upper: 
mound nest in the vicinity of State College, Mississippi, showing the relatively abundant 
thatching characteristic of dark-phase nests. Lower: dark-phase workers removing 
sexual prepupae from an exposed nest gallery. Note the deep body ground color and 
(on upper left worker) the extensive light patch on the first gastric segment. (Photo- 
graphs through the courtesy of Dr. Ross E. Hutchins, Mississippi State College.) 
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almost every locality a significant decline 
of the dark phase was noted, in two 
instances amounting to complete extinc- 
tion and replacement by the light phase. 
Before describing these findings, it should 
be observed that the older color classifica- 
tion of Wilson (1951) has been modified 
in the following two ways. (1) In view 
of the genetic independence of the mor- 
phological characters, the classification is 
now based on ground color alone, rather 
than ground color and gastric spot size 
in combination. (2) The subjective, ar- 
bitrary divisions have been reduced from 
six to two. "Dark phase" as used here 
includes the "extreme dark" and inter- 
mediate phases of the 1951 classification, 
while "light phase" includes the former 
"dark red" and "light red" categories. 
Both of these changes involve simplifica- 
tions, but no changes in essential criteria, 
so that the 1951 and present classifica- 
tions are parallel. Below are described the 
color-phase compositions of several local 
populations in 1949 and 1956-57. Fre- 
quency data, when available, have been 
summarized in the accompanying table. 

Gulf State Park, Alabama; beach road 
extending east from Park Casino. In 
March, 1949, the first ten nests on the 
roadstrips near the beach going east from 
the Park Casino, covering a distance of 
approximately one mile, were classified 
according to color. Eight were dark 
phase and two light phase. By 1956, the 
balance had shifted. In March of that 
year the first 18 nests encountered going 
east from the Casino, and covering almost 
exactly the same distance were composed 
as follows: 7 dark phase, 11 light phase. 
In June, 1957, at a time of year when the 
nests were difficult to find and the survey 
consequently less complete, only 10 nests 
were found along the one-mile stretch. 
These were composed as follows: 5 dark 
phase, 5 light phase. All of these data 
suggest that at this locality the dark 
phase colonies have changed little if any 
in absolute numbers during the past eight 
years, while those of the light phase have 
been increasing. 

Gulf State Park, Alabama; main road. 
In March, 1949, the grassy strips border- 
ing the portion of the main road leading 
through the wooded zone, from the main 
Park entrance to the border of the coastal 
marshes, were populated by an undeter- 
mined number of saevissima colonies, of 
which the dark phase formed a high per- 
centage. In March, 1956, 30 nests, form- 
ing probably a large majority of all the 
nests along this portion of the road, were 
classified according to phase. Only a 
single one was dark phase. In March, 
1949, at a point just 0.5 mile in from the 
main Park entrance, of three nests exam- 
ined two were dark phase and one was 
light phase. In June, 1957, this spot and 
the roadstrip area for a distance of 200 
yards in both directions 1 were explored 
intensively for saevissima colonies. Of 
13 found all were light phase. It is clear 
that within seven or eight years the dark 
phase, originally abundant in this road- 
side area, has been all but replaced by 
the light phase. 

South of Foley, Alabama, on State 
Highway 9. In March, 1949, 10 nests 
were examined in the grassy roadstrips 
and an open field 0.7 mile south of the 
town limit. Seven were dark phase and 
3 light phase. In June, 1957, the same 
immediate area was surveyed, and of 11 
colonies found all were light phase. 

Fort Morgan Road, 1.6 miles west of 
Gulf State Park entrance. In March, 
1949, this was the westernmost locality on 
the Ft. Morgan Road where saevissima 
occurred. Of five nests found here at that 
time 2 were dark phase and 3 light phase. 
In June, 1957, three nests were found at 
the same spot; all were light phase. 

Fort Morgan Road, 7.7 miles west of 
Gulf State Park entrance. In 1957 two 
nests were found at this point on the Ft. 
Morgan Road, well beyond the known 
limits of the 1949 population. Both were 
light phase. 

Ft. Morgan. Between the above lo- 

1 The surrounding pine-oak-palmetto forest 
contained almost no sacvissina colonies. 
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cality and Ft. Morgan itself, few situa- 
tions favorable for fire ants exist, and 
saevissiuia is evidently very scarce to ab- 
sent. Ft. Morgan, located on the tip of 
the Ft. Morgan Peninsula, is partly cov- 
ered by grassy lawns that could support 
saevissimfa colonies. After careful search 
of these lawns, a single light phase colony 
was found. 

On the basis of the present limited evi- 
dence relating to the spread of saevissima 
on the Ft. Morgan Peninsula, it thus 
appears that the dark phase has declined, 
or completely disappeared, at the western 
edge of the species' 1949 range, and that 
the light phase has effected the subse- 
quent invasion of the few suitable habitats 
over the rest of the Peninsula. 

Vicinity of Meridian, Mississippi. In 
1949 the isolated population centered at 
Meridian was apparently composed en- 
tirely of dark phase colonies (Culpepper, 
in Wilson, 1951). By the time of the 
authors' visit in June, 1957, this popula- 
tion had been overflowed by the main 
saevissima population, centered at Mobile 
and composed principally of light phase 
colonies. The resulting mixed popula- 
tion at Meridian contained large numbers 
of both phases, as shown by the following 
frequency data. Southwestern city lim- 
its, near the site of the General Box 
Company on U. S. 80: 1 dark phase. 
One mile east of above point on U. S. 80: 
3 dark phase. Junction of U. S. 45 and 
U. S. 80: 1 dark phase, 2 light phase. 
Near center of city, 2 blocks northeast of 
the Hotel Lamar: 1 dark phase, 4 light 
phase. Three-fourths of a mile north of 
Meridian business district on U. S. 45: 
6 dark phase, 6 light phase. Marion, 5 
miles north of Meridian on U. S. 45: 
5 dark phase, 2 light phase. 

Lowndes and Noxubee Counties, Mis- 
sissippi. The isolated population centered 
at Artesia, Lowndes Co., was definitely 
determined to be uniformly dark phase 
in 1949. In June, 1957, this population 
was still isolated 2 and apparently still 

2 A very few colonies occur in intermediate 
localities on U. S. 45 between Meridian and 

uniformly dark phase. At Brookville, 
Noxubee Co., 8 nests examined were all 
dark phase (and with prominent gastric 
spots). According to one resident, sae- 
vissima first rose to abundance in the 
immediate vicinity of Brookville in 1955. 
Another resident stated that on his farm 
one mile south of the town saevissima had 
first been noticed in 1954 and was abun- 
dant by 1956. A third resident stated 
that the ant had made its appearance in 
farm country 4-5 miles west of Brookville 
in either 1953 or 1954 and became abun- 
dant there by 1957. All agreed that the 
nests were everywhere dark phase. This 
evidence suggests that the Brookville area 
has been populated by the southward- 
expanding Artesia population. Nests are 
abundant from Brookville north along 
U. S. 45. At Allandale, Lowndes Co., 
well within the range of the Artesia popu- 
lation, 7 colonies examined were all 
dark phase. 

THE NATURE OF THE SELECTION 

In 1956-57, particular attention was 
paid to the Gulf State Park population, 
where the dark phase has been in evident 
decline, in an attempt to determine which 
mode of selection has been in operation. 
One possibly significant biological differ- 
ence between the phases was noted: in- 
cipient colonies (1-2 years old) of the 
dark phase are relatively very scarce or 
absent throughout the Park, even in the 
local areas where mature colonies of this 
phase have been relatively abundant since 
1949 or earlier. It thus seems probable 
that most selection has been occurring at 
the early stages of the colony life cycle. 
This hypothesis is supported by the 
knowledge that ant species are generally 
most vulnerable at early stages of colony 
formation. Furthermore, it is well known 
that in at least some species a large per- 
centage of nest- founding queens, and 

Artesia. A single light phase colony was found 
just south of Lauderdale. Four other light 
phase colonies were found clustered together by 
the side of the road 2.3 miles south of Electric 
Mills. 
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probably young colonies also, are elimi- 
nated by aggression from larger colonies 
of the same species. That such a phe- 
nomenon also occurs in S. saevissima 
is suggested by the following facts: 
(1) Conflict and aggression are known 
to occur between mature fire ant colonies; 
(2) S. saevissima quickly and more or 
less completely replaces other fire ant 
species (subgenus Solenopsis) within its 
preferred habitats as it spreads, a situa- 
tion that seems most likely to arise from 
intercolonial aggression. 

INTERACTION WITH OTHER 
SOLENOPSIS SPECIES 

The spread of the S. saevissima popu- 
tion has had a profound influence on the 
two native species of fire ants within its 
range, S. geminata 3 and S. xyloni. For 
S. xyloni, competition with saevissima 
has resulted in virtually complete extinc- 
tion wherever saevissima has spread. 
Saevissima and xyloni can be found to- 
gether only at the fringes of the saevis- 
sima populations, where saevissima has 
been present for only a year or so, as for 
instance at Perdue Hill, Alabama, in 
1949, and Tuscaloosa, Alabama, in 1957. 
In eastern Mississippi, where there are 
still (in 1957) notable discontinuities in 
the saevissima population, xyloni appar- 
ently occurs only in enclaves where sae- 
vissima is scarce or absent. This mosaic 
pattern of distribution is evidently a 
result of the closely similar ecological 
preferences of the two species. Both are 
most abundant in open, grassy cultivated 
land, particularly roadstrips and pastures. 

3S. geminata may possibly not be a native 
ant in the sense that it was present in the 
United States before the arrival of European 
settlers. Its present universal distribution in the 
West Indies, as well as over much of the Old 
World tropics, may indicate a rapid post-Co- 
lumbian spread from its original range in Cen- 
tral and northern South America through the 
agency of human commerce. In any case, the 
distribution of geminata in the United States 
suggests that it arrived more recently than did 
S. xyloni, and that it may have replaced xyloni 
in wide areas in the Gulf States. 

Both are relatively very scarce in dense 
woodland. 

S. geminata, on the other hand, shows 
broader habitat preferences than either 
saevissima or xyloni, and consequently 
has thus far fared better in competition 
with saevissima. In northern and central 
Florida, where the authors travelled in 
1957, geminata is everywhere one of the 
most abundant and wide-ranging ants. 
Two color phases were found to occur 
over most all of this area, a light reddish 
form, often referred to in the literature as 
"subsp. rufa," and a blackish brown form, 
usually referred to as "typical" geminata. 
The relative abundance of each phase has 
not been determined, but our broad im- 
pression is that neither predominates 
heavily. Both occur together in some 
localities, as for instance Panama City. 
Intermediate forms exist, but these are 
less frequent than the extreme forms, and 
it has not been determined whether they 
form a complete graded series connecting 
the extreme forms, as is the case in 
saeztssima. 

The following ecological difference be- 
tween the extreme color phases of gemi- 
natca was noted. The dark phase occurs 
commonly in both woodland and open 
cultivated land; whether it favors either 
habitat cannot be determined on the basis 
of the data gathered in 1957. The light 
phase is primarily limited to open culti- 
vated land, particularly grassy roadstrips, 
lawns, and pastures. Only a single colony 
was found in woodland, and this was in 
open turkey oak woods (Quercus cates- 
baei) near Galliver, Okaloosa Co., in the 
northwestern part of the state. 

Both extreme forms occur abundantly 
through the Florida panhandle westward 
to the edge of the saevissima population. 
At Panama City, where in 1957 saevis- 
sirta had been present for not more than 
several years, nests of both forms of 
geminata were found intermingled with 
those of saevissima. On the basis of di- 
rect comparison at this locality, the fol- 
lowing possible significant behavior dif- 
ference between gewiinata and saevissima 
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was noted: saevissima colonies are larger; 
the workers appear to be individually 
more aggressive, and they emerge from 
the nest faster and in much greater num- 
bers when the nest is mechanically dis- 
turbed by a human observer. 

Farther westward, within the area oc- 
cupied by saevissirna for more than sev- 
eral years, geminata is almost completely 
absent from the open cultivated land 
favored by saevissima. But it is still 
moderately abundant in denser woodland, 
where saevissima is scarce to absent. 
This ecological replacement pattern is 
reflected in a most interesting way on 
the genetic composition of the geminata 
population. The light phase of gemi- 
nata, which elsewhere occupies the kind 
of habitat favored by saevissima, has been 
almost completely eliminated. Geminata, 
now primarily a forest-dwelling species, 
consists almost entirely of the dark phase. 
It thus appears that saevissima, while dis- 
placing geminata ecologically, has also 
displaced it genetically, to produce a 
marked new pattern of geographic varia- 
tion. (For a general discussion of this 
kind of phenomenon, which we have 
called "character displacement," see 
Brown and Wilson, 1956.) 

SUM MARY 

1. During 1949-1957 the main intro- 
duced population of Solenopsis saevis- 
sima, centered at Mobile, Alabama, con- 
tinued to grow outward at an average 
rate of approximately 5 miles a year. 
Meanwhile, the total infested area in the 
southern United States was further vastly 
increased by the growth (and occasional 
fusion) of secondary populations beyond 
the limits of the main population. 

2. The multiple morphological charac- 
ters separating the extreme variants in 
the introduced population are probably 
under independent genetic control. 

3. The dark color phase continued an 
overall decline during 1949-1957. The 
secondary population centered at Me- 
ridian, Mississippi, isolated and composed 
mostly or entirely of dark phase colo- 
nies in 1949, has since been overflowed 

by the northwestern portion of the main 
population, and in 1957 was composed of 
mixed light and dark phase colonies. The 
secondary population centered at Artesia, 
Mississippi, was still isolated and uni- 
formly dark in 1957. 

4. Selection between the light and dark 
phases appears to occur primarily at early 
stages of colony formation, very likely 
through the agency of intercolonial 
aggression. 

5. The native fire ant S. xyloni has 
been almost completely eliminated within 
the range of S. saevissima. The native 
species S. geminata, which shows color 
variation parallel to that of saevissima, 
has survived primarily because its dark 
phase is able to nest in woodland, where 
saevissima is scarce to absent. Thus 
under competitive pressure from saevis- 
sima the sympatric population of gemi- 
nata has been reduced both in its ecologi- 
cal range and in genetic variability. 
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