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ABSTRACT

Until this study, little was known of the natural historyDadlichoderus mariae
Forel in spite of its extensive rangB. mariaeis not a particularly common ant, but once
noticed, it is conspicuous by uie of its peculiar nesting biéis and dense populations. It
is a polygyne polydomous reddish-brown ant teabundant in the eastern and central
United States. The ant forms subterranean a¢st® base of plants with fibrous roots.
This nesting behavior has also been documentBd mariae’scongener®. plagiatus
D. pustulatusandD. taschenbergi In North Florida the ant eavates soil at the base of
wiregrasclumps to form its nest. Multiple s&s of each colony are connected only by
above ground trails, allowing eltange of workers. The asibsists by tending aphids
and scale insects for honeydew and scavengindefad insects. | explored the natural
history ofD. mariaethrough an examination of tlaat's nest architecture, queen
fecundity, polygyny, sociometry, worker-sizariation, division of labor, colony
demography, spatial distribution of nesteding biology, and seasonal variation in these
characteristicsD. mariaenests consist of a shallogingle, large, conical chamber
beneath the wiregrass. Thests lack common nest elements such as tunnels and
chambers, and this antigsting behavior in comparisondther subterranean ant species
can fairly be described as uncommon. €akny cycle is dominad by strong seasonal
polydomy. D. mariae is monomorphic, yejrsficant differences in mean head width
and body weight existed between coloniese &rea occupied by the colony is similar
year to year even though tbelony contracts down to ore two nests. Within their
territory, the ants are following and expiog their food source of honeydew that is

provided by differenhomopterans.



INTRODUCTION AND LITERATURE REVIEW

With respect to queen number and nest lmemant colonies have evolved 4 types
of colony structure by combining monogyny (single queen) and polygyny (multiple
gueens) with monodomy (single nest) antygomy (multiple nests) (Holldobler and
Wilson, 1990; Sudd and Franks, 1987; Bouske Franks, 1995; Crozier and Pamilo,
1996; Tschinkel, 2006). Ant colonies cdaus be classiéid as monogyne and
monodomous, monogyne and polydoma@qaygyne and monodomous, and polygyne
and polydomous. Oligogyny is a special case of polygyny in which two to several
gueens coexist in the same nest but remaithapart from one another (Holldobler,

1962; Buschinger, 1974 as cited in HolldoblE390). Oligogyny is characterized by the
workers’ tolerance of multiple queens corddrwith intolerance among the queens, so
that the queens space themselves outarséime nest (Holldobler and Carlin, 1985).
Colonies may also be functionally monogyne. That is, multiple mated queens may be
present, but only one &ctively laying eggs. It has been documentegormicoxenus
andLeptothorax(Buschinger, 1966, 1968, and 197%#ed in Holldobler and Wilson,
1991; Buschinger and Winter, 1976 as citetiolldobler and Wilen, 1990; Buschinger

et al., 1980) antMyrmecina graminicolgBaroni Urbani, 1968, 1970 as cited in
Holldobler and Wilson, 1990). Has also been reportedSolenopsis invictérschinkel
and Howard, 1978), but this claimirgorrect (Tschinkel, pers. comm.)

Queen number has been documentadany genera through either direct
observation of egg-laying or indirectlyrdugh molecular analysis. For example, Ross
and Keller (1998) found that a single genorlement marked by the protein-encoding
gene Gp-9 is responsible for the existencevof distinct social forms in the fire ant
Solenopsis invicta At the Gp-9 locus, monogyne queens are homozygous dominant
(BB). Both genotypes BB and Bb amufid among polygyne queens. The homozygous
recessive genotype bb results in age-deparidéhal effects. The BB genotype is
associated with heavier queens (large mdi@beserves) and oogenesis occurs sooner.
The Bb genotype is associated with lgihindividuals. Monogyne queens with the
genotype Bb do not exist (BB is fixed) besalwas she encloses herself beneath the
surface, she uses her metabolic reservesatder first clutch of eggs. Polygyne queens



with the genotype BB are phenotypicallyndar to monogyne queens. Heterozygotes
(Bb) of the polygyne form are gemady lighter individuals.

Ross and Keller (1998) discovered this genfactor determines whether workers
tolerate a single fertile @@n or multiple queens per colony, and this factor affects
worker tolerance of queens with alterngémotypes, thus exghing the dramatic
differences in Gp-9 allele frequencies obsdrlaetween the two social forms in the wild.
Monogyne (BB) and polygyne (BB and Bb) queens were introduced to colonies
containing workers with the Bb genotyp&he workers killed homozygous dominant
(BB) monogyne and polygyne queens, wilaitzepting heterozygous (Bb) polygyne
gueens. However, workers with the BBnotype accepted homozygous dominant (BB)
monogyne and polygyne queens, while refegtieterozygous polygyne queens. These
results are important becauseytexplain the remarkable firns of variation seen at
Gp-9 in wildS. invictapopulations (Ross, 1997): the leéd is absent in the mongyne
form because the low queen weight associai#ul it is incompatible with independent
colony founding, but it is common in polygyne fobmcause it is required in both castes
for the stable expression pblygyny (Ross and Keller, 1998).

Both monogyne and polygyne species occunast of the larger genera of ants,
for example Pogomyrmex, OdontamachundSolenopsigHolldobler and Wilson,

1990). Polygyny has been reported in 5 of 11 subfamilies, including Ponerinae,
Myrmeciine, Myrmicinae, Dolichoderinaand Formicinae (Holldobler and Wilson,

1990). The presence of multiple queens dusecessarily mean that the colony is
polygyne. For instance, winged queens mapiasent in the colony but are simply

waiting to participate in mating flights in order start their own colonies. Also dealated,
inseminated queens may be present but not actively laying eggs because the dominant

egg-laying queen suppresses their oviposition.

EFFECTS OF QUEEN NUMBER

The number of queens in a colony of gmtsfoundly alterseveral of the key
features of colony organization, behayiand biology (Holldobler and Wilson, 1990;
Sudd and Franks, 1987; Bourke and Franks51@%ozier and Pamilo, 1996; Tschinkel,
2006). These key features include modeoohting, territoriality, ctony identity, and



foraging ecology. Contrasted withomogyny, the consequences of polygyny include
higher population densities, lack of territdity, low alate and high worker production,
low seasonal and lifetime colony size véda, and small workers (Tschinkel, 2006).
For instance, low alate and high worker pradutmay result from high levels of queen
pheromone. The high investment in workeoduction results ihigh colony growth
rates. In the polygyn8olenopsis invictaRorter (1991) observed a fourfold increase in
colony size in six months. In contrast, thpical monogyne colony requires six months
to double its size at the midpointadlony growth (Tschinkel, 1988).

Queen number and colony foundifplygyne and monogyne colonies also differ
profoundly in the manner in which thé&gund new colonies. Monogyne colonies
usually found new colonies independenthattls, by means of mated female alates
unaccompanied by workers (haplometrosis; Wasmann, 1910 as cited in Holldobler and
Wilson, 1990; Wheeler, 1933). A newly mated quisis to the eartland begins to dig
a nuptial chamber. She encloses hetsatieath the surface and uses her metabolic
reserves to rear her first oblit of eggs. Her first clutch @&ggs give rise to workers,
which then take care of the queen, re&ur brood, and excavate the nest. Such
independent founding requires that monogynemek produce female alates with large
metabolic reserves (Keller and Passera, 1990).

Queen number during colony foundingeédated to final queen number through
several routes. Monogyny is primary wheesingle queen establishes the colony.
Secondary monogyny occurs when multigpleeens start a colony cooperatively
(pleometrosis), but only a single queen swes. Polygyny can arise by one of three
routes: (1) pleometrosis with founding que@amaining after first workers appear
(primary polygyny, relativelyare) (Wasmann, 1910 as citen Holldobler and Wilson,
1990; Wheeler, 1933); (2) adoption of exinseminated queens by a singly-founding
queen after their nuptidights (secondary polygyny)nd (3) fusion of colonies
(Holldobler and Wilson, 1990).

NEST NUMBER: MONODOMY AND POLYDOMY
Holldobler and Wilson (1990) suggest thasithe tendency to emigrate swiftly
and efficiently that givepolygyny a premium in opportunistieesting and ties it closely



to polydomy, the occupation of multiple neges. Relations between nests of a
polydomous colony can be mutually competitivelifferent, or cooperative, and there
may be exchange of workers, food, broaag queens (Crozier and Pamilo, 1996).
Polydomy solves the problem created by WwjidBspersed resources through the creation
of satellite nests or the establishmenheiv nests close to resources (Sudd and Franks,
1987). On the other hand, in contrast to monodomous ant colonies that occupy only one
nest site, polydomy creates new problerheesource allocation, social regulation,
coordination, and communication (Crozier and Pamilo, 1996; Sudd and Franks, 1987;
Tschinkel, pers. comm.).

Polydomy is not necessarily linkeddaeen number--- polydomous colonies can
also be monogyne. In polydomous monogynermiels, the nest that contains the queen
tends to be larger than thests that only contain workesiad brood. These smaller nests
are often referred to as shite nests and can be found in the following ant species:
Oecophylla longinodd_eptothorax Mayi(Alloway et al., 1982; Partridge L. W. et al.,
1997),Cataglyphis ibericgDahbi and Lenoir, 1998Myrmica punctiventrigSnyder and
Herbers, 1991; Banschbach and Hesh 1999; Banschbach et al., 19%73taulacus
mckeyi(Debut et al., 2003), ar@amponotus gigafPfeiffer and Linsenmair, 1998). No
matter what the gyny, the seasonal pattemmest fractionation in the spring and
coalescence in the fall is known as sead polydomy. Seasonal polydomy has been
documented in two polydomous monogyne ant speklgenica punctiventrigSnyder
and Herbers, 1991; Banschbach, Levit, and Herbers, 199 T)eatathorax
tuberointerruptugPartridgeet al.,1997). Seasonal polydomy has also been documented
in one polydomous polygyne ant speciasepithema humilé¢Heller, 2005).

The relationship between seasonal polydomy and nest sociometry (the collection
and analysis of the physicaldnumerical attributes of satiinsect colonies and their
inhabitants; Tschinkel, 1991 and 1998) is unkno In the Argentia ant, Heller (2005)
found no regular seasonal variation in re¢siracteristics even though whole colonies
expanded and contracted with the seasons.

The progression from monodomous toylmmous social systems can lead to
supercoloniality or unicoloniality. Supercoloniality consists of very large multinested
polygyne colonies that are hostiteother supercolonies. Fmstance, in its native range



in South America, mature colonietthe polydomous polygyne Argentine ant
Linepithema humilean occupy territories of severagusare kilometers while engaging in
strong territorial warfare dheir boundaries (Giraud, 8ersen, and Keller, 2002).
Unicoloniality, the complete absence ofany distinction, consistsf one huge vastly
dispersed population without hostility amonguopants of differemiests (Crozier and
Pamilo, 1996). These unicolonial speciesepas important evolutionary problem, the
lack of selection at the colony level witlpopulation leads to loss ebcial efficiency
(Crozier, 1977 and 1979 as cited in Crozaed Pamilo, 1996). Crozier and Pamilo
(1996) state that although thencept of unicoloniality is clear enough, it is uncertain
how many of the apparent cases, mamyloth are introduced exotic species are

actually supercolonial.

NEST ARCHITECTURE

Because the majority of amt’s life occurs insidéhe nest, the structure and
location of the nest influence the ant’s babg nest-defense strategy and colony social
structure (Holldobler and Wilson, 1990). For examplé&agonomyrmex badius
Tschinkel (1998) revealdatiat the nest architeceiorganizes the colony.

Subterranean nests are difficult to study because they are hidden from view, in
other words terra incognitd (Tschinkel, 2003). However, geral studies have revealed
subterranean nest architeewf ant species, and showhat ant nests are highly
structured and species-typicakhinkel 1987, 2003, and 2004; Mikheyev and
Tschinkel, 2004). For instance, Mikheyand Tschinkel (2004) and Tschinkel (2004)
describe the nest architecture of the &utsnica pallidefulvaandPogonomyrmex badius
as top heavy, consisting of more or lesgigal shafts that bear horizontal chambers.
Deeper knowledge of the structure, functiangd mechanism of formation of modern ant
nests would be helpful for understanding noyarit nest architectar but whether that
architecture organizes the colofuyctionally (Tschinkel, 2003).

THE ANT DOLICHODERUS MARIAE FOREL
Dolichoderus mariaés not a particularly commoant, but once noticed, it is
conspicuous by virtue of its peculiar ting habits and dense populations. It is a



polygyne polydomous reddish-brown ant tisadbundant in the eastern and central
United States (Fig. 01): New Jersey, Maguisetts, lllinois, Minnesota, Oklahoma,
North and South Carolina, Gegia, Mississippi and Louignha (Smith, 1979 as cited in
Johnson 1989); Virginia, Maryland, the DistraftColumbia, Arkansas (Wheeler, 1905
and MacKay, 1993); Tennessee (Cole, 19¥¢higan (Kannowski, 1956), Missouri
(Talbot, 1956), and Florida (Deyrup, 1989Across the ant’s range, the ant forms
subterranean nests at the bafplants with fibrous rootsin Missouri nests were found
at the base of blackberry bushsbus spp(Talbot, 1956). In southern Michigan
(Kannowski, 1957) and lllinois (Grgg1940) at the base of cattailgpha sppln New
Jersey (Wheeler, 1905) and Tessee (Cole, 1940) nests occdret the base of grasses
however species unknown. In addition to mgsbehavior, Wheeler (1905) described the
presence of thatch, “The ants often codefee mounds with pine needles and leaves,”
and Cole (1940) noted similar observatioii$is nesting behavior has also been
documented iD. mariae’scongener®. plagiatus(Cole, 1940)D. pustulatugWesson
and Wesson, 1940and D. taschenberdiTrager, pers. comm.).

In North FloridaD. mariaeexcavates soil at the base of wiregradasps to form
its nest (W. Tschinkel, pers. comm.). Refer to Fig. 02 and 03. The ant subsists by
tending aphids and scale insects for honeydaivsaavenging for dead insects (Laskis,
pers. obs.). Refer to Fig. 04. Until this stulilyle else was known of the ant’s natural
history in spite of & extensive range.

The purpose of my thesis iségplore the natural history &f. mariaeForel
through an examination of the ant’s nasthitecture, queen fecundity, polygyny,
sociometry, worker-size variation, divesi of labor, colony demography, spatial

distribution of nests, feedingology, and seasonal variationthese characteristics.



MATERIALS AND METHODS

THE STUDY SITE

The study site was located in Apalachicola National Forest, approximately 20 km
southwest of Tallahassee, FL. Apalachicola dietl Forest is divided into forest service
units called compartments. Several compartments of Apalachicola National Forest were
searched foD. mariaepopulations. Only 5 compartments yield@dmariae
populations: compartments 231, 228, 245, 4 and 13. Refer to the Appendix for forest
maps and driving directions. The vegetation consisted of longleaPpins pallustris
with a mid-story of turkey oaQuercus laevigind a groundcover of gallberitgx spp,
wiregrassAristida strictg runner oalQuercus spp.and saw palmetiSerenoa repens
The topography consists of slightly undulatiregy sandy soils, with no more than one to
two meters of relief. Severalges of wetlands occupy low ared3. mariaeseems to be
limited to the higher porins of this landscape.

NEST ARCHITECTURE

| studied the nest architecture by makn&sgt casts using dexiplaster. In
January 2005, the openings of four sgsivo abandoned and two active)lbfmariae
were cleared of all debris, a mixture of derdlaster and water wgoured into each, and
allowed to harden for one hour. The hardepledter casts were then excavated from the
soil and washed clean of any soil debris. All nests were in sandy soil and all were
excavated in wiregrass clumps. Castingksdest in sandy soils because air can be
displaced from the chambers to produce a dete8-dimensionl plaster cast of the ant’s
nest (Tschinkel, 2003).

Nine observation nests weteeated as a round plaster cavity in a 10.2 cm x 10.2
cm polystyrene plastic box (Seal, 2006)y(F35). In order to mimic the fibrous root
structure of the natural nest, a coil of 2.5wide strip of 6.35 mmvire mesh was added
to each observation nest along with fibrous batbris that ramifies throughout natural
nests. Each observation nest was placedfinoned 28 cm x 36 cm x 13 cm photo tray,
and the ants were added and allowed to octihpexperimental nests. All experimental
colonies were housed in the lab af 27 fed pieces of beetlarvae, water (ddH20), and



sugar water. Every 2 days the freshwatsl sugar water was changed and trash pile

removed.

DETERMINING QUEEN FECUNDITY

In experiment |, queens were is@dtn 13 mm test tubes containing water
(ddH20) held behind cotton plugs without food (Fig. 06). The queens were separated
into two treatment groups, eitheaired with 30 workers awvithout workers. Daily egg
production was counted for five days.

Experiment Il was similar to Experiment With the exception that queens were
paired with either O, 5 or 30 workemsdchfed beetle larvae and sugar water. The
experiment ran for 4 days or until egg proilut ceased. For both experiments the test
tubes were housed in the lab at 27

In order to apply these estimates &ldiconditions, | usd the relationship
between temperature and egg production rag invicta(Porter, 1988). The July field
sample needed no adjustment becausexjperenental temperature and the mean soill
temperature (n=10) werenabst identical (27 vs. 26°T). In April, the mean soil
temperature (n=10) was 2C, so | multiplied the egg-laying rate aZ7 by 0.8 to
prorate it to 21 C. From these values, the egg-layiate per nest (number of eggs per
day per nest) was calculated as the nurobgueens per nest times the average number
of eggs per queen. Egg-laying rates weaieulated only for Apkand July, the only
samples in which egg-laying occurred. Tlffea of temperature on egg-laying rate is

more or less constant across ant specissralar latitudes (Porter and Tschinkel, 1993).

NEST SOCIOMETRY THROUGH THE SEASONS

Census of antPuring each season starting summer 2005 to spring 2006, three
nests were collected in their entirety by caimg a plug of soil 15 cm radius larger than
the occupied wiregrass clump. The entire plug containing the host plant and nest was
transported back to the lab for sorting andrtting. Initially, the nest contents were
sieved through No. 8 to No. 40 U.S. standasding sieves, which separated the live ants
from most of the soil and debris. The totaheening soil, ants anlitter were weighed,

and then three subsamples were removed and weighed. Number of workers, worker



pupae, queens, male and female alates saxual pupae were counted in these three
subsamples. Assuming the nest sam@e homogenously mixed; each subsample was
representative of the total sample, so | diditlee subsample weight into the total sample
weight and multiplied by the number of each type. | than averaged these estimates
for each ant type over the three subsamptegive the average number in each nest
(Table 01). Seasonal averagesevhie means of the three nests.

To determine seasonal patterns of nestosoetry at the colony level (Table 02),
the computations of census and rates at the nest level were multiplied by the number of
active nests in each seasonal mapping sa(apkebelow). Calculations for each
seasonal sample are described below.

Census-related values: (1) The numbeguwdens, workers or worker pupae per
colony was calculated by multiplying the totmmber of active nests by each of the
census numbers. (2) Colony size was catedlas the sum of the queens and workers
per nest times the total number of active nests.

Computed rates: (3) Number of workees day (birth rate) = number of worker
pupae per colony divided by the pupal development period. Because the pupal period is
strongly dependent on temperatureeasured soil temperaturaisthe time of sampling.

In April, the soil temperature averaged 21 in July it averaged 26.T, and in October
averaged 1%. Assuming the pupal development perioddomariae’ssouthern
population is similar to the pupal development period for the southern populagon of
invicta, | used the pupal development periogisorted by Porterl@88) and Tschinkel
(1993), resulting in estimated pupal developtyariod of 28 days in April, 14 days in
July, and 40 days in October. For Jaguarth rate was zero because egg production
ceased below 2@ (Porter, 1988). Ant species amndar latitudes have similar pupal
development periods (Porter and Tschinkel, 1993).

(4) Egg-laying rate per colony (numberegfgs per day per colony)= the average
number of eggs per nest (agfed for temperature) times the number of active nests.
Egg-laying occurred only in Ap and July. (5) Colony growthate = colony size on date
2 minus colony size on date 1 divided by thenber of days between samples. Positive

values indicated increased size aegjative values decreased size.



(7) The survival from egg to adwitas calculated as the worker/colony/day
divided by eggs/colony/day.

WORKER SIZE VARIATION

Five nests from 5 differemlonies were excavated from the field in late May
through early July of 2004. The ants weeparated from the soil using the same
techniques as the nest sociometry study. Fifty randomly chosen ants were taken from
each of the 5 different colonies. The antge dried in an oven for two days af 8Dand
individually weighed. The head was thepa@ated and the headdtih measured using a
wedge micrometer (Porter, 1983). Head wialtldl body weight distributions were tested

for normality using Kolmogorov-Smirnov & Lilliefors test and skewness.

MAPPING THE POPULATION ORMNESTS IN THE FIELD

One month after a prescribed burn (@), two 130 m x 60 m survey plots were
established in the upland portion of the loegflpine flatwoods of Apalachicola National
Forest. | will refer to these survey pldtg the number of the management compartment
in which they were located--- plot 231 and 228. Compartment 231 was burned in March
2004 and compartment 228 in June 2004. na&#ts of all coloms within each
experimental plot were mapped on a Carte3iaand Y plot twicea year (March and
June) for two years during the ant’'s mastive season. Upon identification, each nest
was marked with a wire-stake flag, a different color for each survey year (Fig. 08). In
addition, the nests of one colony within eaabt ptere mapped and inspected for activity
during each of four seaso(pril, July, October, and January) for two years. This
schedule captured the seasonal changes mntfgespatial nest giribution and activity.
During each of the four seasons, nestsebtise of food sources were recorded.
Samples of the aphids were collected sexlt for identification, and the host plant
identified.

Establishing colony limits| used two criteria for establishing colony identity.
First, | recorded active trails connectingtsebecause these allowed worker exchange
between established nests, and indicated that the nests belonged to the same colony. The
second criterion relied on aggression asgayghich workers from candidate nests were
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placed in a common arena, and any aggresshavior recorded. Aggression was rated
using the scale of Giraud &it(2002), from least to moaggressive: 0 (no response), 1
(antennation), 2 (avoidance), 3 (gaster raisidd)eg pinning), and Highting: biting or
gaster flipping). When aggression occuriiedias usually greater than 4 on this scale.
Those nests that were not connected éystyet showed noggression towards each
other were assumed tentatively to be fittva same colony. Nests that were not
connected by trails and showed aggressiards each other were assumed to come

from different colonies.
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RESULTS

NEST ARCHITECTURE

The dental plaster casts revealed thamariaenests consist of a shallow, single,
large, conical chamber beneath the wiregr@rig. 09 and 10). Nests averaged 15.37 cm
(s. d. = 3.9 cm) in depth and 928.22%qm d. = 352.52 cfin volume. No tunnels
emanated from the nests. Chambers rethiheir conical shapeven after abandonment
(Fig. 11 and 12). However, the plaster ca$tabandoned nests appeared to be pitted
while the plaster casts from active nests vemneoth. Larger wiregrass clumps harbored
larger chambers because the walls ofci@mber never surpassed the wiregrass root
system. The fibrous roots were exposeddhinside the chamber, providing scaffolding
for the ants (Laskis, pers. obs.). Excavatiohsccupied nestdewed that the ants
arranged themselves and their brood upon this scaffolding.

When provided with artificial nests thatimicked this root scaffolding, the ants
arranged themselves in a generally similar matméat seen in natural nests. Thus, in
all nine experimental nests, the ants usedvine mesh and debris asaffolding for their
brood, workers, queens, and alates (Fig. EJ)er about a montHpur laboratory nests
covered the top opening with aatbh of chewed bits of plamaterial to produce a felt of
paper consistency (Fig. 14).

In the field, as the ground cover regréuring the second year, such thatch was
seen on 4 out of 10 nests during April 200%olony 231-1 and 11 out of 19 nests in
colony 228-1. Nests with a thatch covering welbserved during all asons (Fig. 15).
More research is needed to determine whyesaests produced thatch and others did not.

DETERMINING EGG PRODUCTION PER QUEEN

Experiment | indicated that egg productisrdependent on worker input. Queens
without workers produced on average 0.285 egpday 1 (s.d.=0.463)-test against O:
p-value=0.5636). Refer to Fig. 16. Queens paired with 30 workers produced on average
6.66 eggs on day 1 (s.d.= 3.73 eggs), significamtbye than workerless queens (t-test
against zero): p-value=0.00. Refer to Fig. Hawever, with time, this egg production
decreased to zero by day 5 (Kruskal-Wallis: p-value= 0.00).
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Experiment Il indicated that a high lexalworker stimulation is needed for
continued egg production. Unlike experimérdll queens in alireatments produced
eggs within the first 24 hours. Within thiest 24 hours, queens paired with 30 workers
produced on average 40 eggs per day (s28), with 5 workers produced on average 21
eggs per day (s. d. =14), and without woskgroduced on average 22 eggs per day (s. d.
=25).

A Poisson Distribution (p-vak = 0.00) revealed sidigant differences between
egg production over time in the three treattaen Egg production ceased on different
days between treatments: on day 2 for qaedthout workers, day 3 for queens with 5
workers, and day 4 for queens with 30 workers (Fig. 18).

The results for queens without workers differed greatly between Experiment
and I--- the queens in experimdl| produced eggs, but in pariment | they did not. |
was not able to resolve the difference betwbertwo results and future experimentation
iS needed.

NEST SOCIOMETRY THROUGH THE SEASONS

Nest census: Census data from thrests (Table 01) not on the experimental
plots were used to estimate several colotmbates. Fig. 19 shosvthe variation through
the year of the number of queens, workers, worker pupae, queens per worker, sexual
pupae, male and female alates, and the eggédagite per nest (number of eggs per day
per nest) in the 3 excavated nests. Queensgst was lowest in October (mean 12; s. d.
=19) then increased tohagh of 180 in July (s. d= 215), presumably through the
adoption of queens that were produced dutiegreproductive season and were retained
in the nest after the nuptial flights. A pddsiexplanation for the tge s. d. in Fig. 19 is
1 of 3 nests collected in July 2005 had a quaenber of 487 vastliarger than the mean
of 180, which in turn affected the # queémsvorker ratio, # sexual pupae, # male and
female alates.

Alates first appeared in April and reacheechaximum in July. July nests had the
highest number of the 3 sexual ant tymesual pupae (average of 1800; s. d.=1800),
male alates (average of 480; s. d.=370) f'emale alates (average of 380; s. d.=300).
On average, 21 sexual pupae per nest veened in April (s. d.=21). Small amounts of
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female alates (average ofdl;d.=3) were found in Apriand small amounts of male
alates (average of 2; s. d.= 6) were foun@atober. None of thg sexual ant types were
found in January.

The worker pupae number reached a maxinm October (average of 8,000; s.
d.=4,000) steadily declined in January and April until reaching a minimum in July
(average of 3,600; s. d.=160). No eggsemMeund although the number of worker pupae
was highest in October. No brootlany kind was found in January.

The number of queens per worker reachaninimum in October (average of
0.00031; s. d.=0.00065) increased in JanuadyAgril until reaching the maximum in
July (average of 0.017; s. d.=0.018).

The egg-laying rate per nest (number of eggs per day per nest) paralleled the
gueen patterns, averaging 140@pril and 7200 in July.

Computations at the colony leveissuming that the patterns of the nest census
data were repeated the following year, byitiplying the values in the paragraph above
by the number of nests per colony, | deritieel corresponding censwalues for colony
231-1 and colony 228-1 (Table 02) for both weaFig. 20 shows thvariation through
the year of the number of queens, workers, worker pupae, queens per worker, egg-laying
rate per nest (humber of eggs per day pel)nastl active nests peolony. These values
are more meaningful than the per-nestiga because presumably, the colony is the
functional unit ofD. mariae Colony size reached a maximum in October (Colony 231-1
700,000; Colony 228-1 2,000,000) declineda@amuary and April until reaching a
minimum in July (Colony 231-1 200,000; Colony 228-1 700,000). However, a large
fraction of each colony was on the surface gorg; therefore, colony size may be much
larger than estimated.

Colonies experienced a high growth réats per day) from April to October
(Fig. 21). Both colonies experienced a 1.7 fiolckease in colony size from April to July
and a 3 fold increase from July to Octobereach the maximum (Table 02). From
October to April the coloniesxperienced a high mortalityRefer to Fig. 21. By January
many of the workers and queens die off, resulting in a 48% decrease in colony size until
reaching the minimum in April. Only 19%f October’s population emerged in the

spring after over wintering.
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Now, associating the average egg-layiatges at the corresponding temperatures
[average 32 eggs @ 22 (Porter, 1988) and average 40 eggs at2@etermining egg
production exp. I)] with the average quaammber per season multiplied by the number
of active nests per season, results in thepegduction rates at the colony level. These
rates were easily into ¢iten thousands to hundred thousands per day (April 28,000
s.d.=17,000; July 180,000 s. d.=170,000). Egg production commences sometime
between January and April so that by A worker birth rate averaged 1,100 worker
pupae per day (s. d. = 660). Refer to Fig. 20e Whbrker birth rate began its climb to its
maximum in July with an average of 6,500 worker pupae per day. Although no eggs
were found in October, the worker birthgaveraged 2,500 worker pupae per day (s. d.
=1,900). Refer to Fig. 21.

Egg survival appears to be very lo®nly 3.88 % of the eggs survive to
adulthood in April and 3.66% in July. Thete of 96% of the eggs begs further
investigation.

Mating flights During the sampling of nests mating flights were observed.
Mating flights occurred the day after lwgaains. In 2004 and 2006 the mating flights
were observed in July and in 2005 they wavserved in late Mayma June. Rains came
later in 2004 and 2006 than in 2005, possiblyoaating for this difference in timing.
Mating flights were observed in the earlyming between 7:00 a.m. through 8:30 a.m.
Thousands of male alates were seenitgpone nest and entering other nests.
Meanwhile, very few (~50) female alates\il away, the majority of female alates
remained in the nest, probably mating in or on the nest. By 9:00 a.m. all mating flights
had ceased.

WORKER SIZE VARIATION AND THE DIVISION OF LABOR

D. mariaeis monomorphic. The meawrdd width ranged from 0.73 mm (s. d. =
0.04), to 0.82 mm (s. d. = 0.0&¢ross the five nests sampled (Fig. 22). The mean body
weight ranged from 0.35 m(s. d. = 0.08), to 0.57 mm (s. d. = 0.13) (Fig. 23). To test
the relationship between head width and bodigitel regressed the cube root of the
body weight on the head width (a standardmaéitric plot). Refer to Fig. 24. Colony 1,
2, and 3 contained larger workers, anesthcolonies had a significant relationship
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(positive slopes) between head width &ody weight. Suggesiy that head width
varied little, but body weight vgagained or lost within heaslidth categories. Colony 4
and 5 contained smaller sizes, and tleedenies had a non-significant relationship
(slope=0) between head width and bodyghe suggesting thdtead width and body
weight varied randomly. A normal p-plot thfe residuals revealednormal distribution
of the residuals for the five colonies.

THE SEASONAL ABUNDANCE OF NESTS AND TRAILS

The colonies had the lowest numbegofive nests during the winter and the
highest number in July, decreasing agaitheowinter minimum thereafter (Fig. 25 and
26). During year 1, the number of activestsefor colony 231-1- increased 5 fold from
January to July, and during the second yefiid (Fig. 20). Colony 228-1 increased 16
fold in year 1 and 59 fold in year 2, an enormous increase.

The rate of connectedness through tladlsveen nests paralleled the number of
active nests and had the highede of connectedness durifgly and the lowest rate
during January (Fig. 25 and Fig. 26).

Inter-year differencesfrom July of year 1 to Julyf year 2, the number of nests
per colony increased 1.4 fold and 3.6 foictolony 231-1 and colony 228-1, respectively
(Fig. 27).

THE SEASONAL SPATIAL CONFIGURATON OF THE NESTS AND TRAILS

D. mariaepopulations are extremely locdHowever, where populations do
occur, the ant carpets the landscape, and desaomies occur in close proximity. Each
colony seems to reoccupy more or less the same area as measufezhbly year, in
spite of contracting down to one or two @oiles each winter, sugsfing territoriality.
Indeed, when workers from diffent colonies were mixed, they fought, which suggested
that the colonies defend an absolute tenyitderritorial battles were observed between
colonies.

In April and July, | observed new nest establishment through budding. Workers,
gueens, and brood moved on connecting thatsveen nests. Especially between April
and July, the period with the highest ratésew nest establishment, queens were
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observed traveling the connecting trails alenth workers. | also observed nests being

disbanded through reverse buagl(returning to a largerest) in October.

SEASONAL FEEDING BIOLOGY (ANT-HOMOPTERAN INTERACTIONS)

Fig. 28 and 29 shows the variation throughytear of the numbeuf nests at the
base of plants that harbored food sourbesjopteran insects (aphid and scale insects).
The ants tended a variety of homopterans for honeydew, which is a by-product of the
homopterans sucking plant sap. The parichbmopteran speciésnded varied with
season. Over the two-year observationgaecolony 228-1- andolony 231-1- tended
colonies homopterans underneath the bark of long-leaftggas, on bracken ferns, saw
palmettos, gallberry shrubs, runner oak, el oak trees. Typical colony sizes of
aphids were in the thousands while colaiges of scale insects (e.g. Pseudococcids)
were in the hundreds. Ants tending lepterans came back with extended gasters
suggesting that the ants’‘ops were full of honeydew.

COLONY BOUNDARIESAND MOVEMENT

In areas in which the ant occurred,ptgpulations were dense. Nests that were
from the same colony were always contigyarsl nest from difient colonies were
never intermixed. So, if boundary boxes were drawn around nests of each colony the
boundary boxes would not intersect. Colorgesiaried within and between the survey
plots. During the period of mamium nest density in 2004, my 7800 piots in
compartment 231 contained three colonieslo®@o0231-1 consisted &5 nests, colony
231-2 consisted of 4 nests, and colony 23bi3sisted of 18 nests (Fig. 30). By 2005,
the number of active nests for colony 231-1 rewa the same as the previous year, and
colony 231-2 increased 3 fold (Fig 29)he number of active nests in colony 231-3
decreased for reasons unknown further stigation is neede(fFig. 31).

Compartment 228 contained three coémni During 2005, colony 228-1 consisted
of 108 nests and colony 228-2 of 53 n€kig. 32). By July of 2006, colony 228-2
increased 1.2 fold in the number of aetivests, and colony 228-1 decreased 1.8 fold

(Fig. 33). Further research needed to determine the reason for the decrease.
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The annual increase and decrease indtaé number of acti nests per colony
might result in a net directional movemenithe colony through the landscape. |
calculated an average X and Y coordinatealbthe nests within each colony for the two
sequential survey years (Table 03), and compared these means across years by colony
(Table 04). Overall, the X and Y averagkd not differ significantly between years for
any of the colonies, indicaity that although nests may shifithin colonies, there was no

net movement of the colonies as a whole.
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DISCUSSION

NEST ARCHITECTURE

The work of Tschinkel (1987, 2003, and 2004) and Mikheyev and Tschinkel
(2004) suggests that more or less vertigahels connecting mox@ less horizontal
chambers are common to most ant nestsreb\eer, the nests of several species were
top-heavy, that is, they contained a largeyportion of their chamber area near the
ground surface, rathénan at depth.

D. mariaenests lack these common elements, and this a@$tsng behavior in
comparison to other subterranean ant spexaadairly be dested as uncommon.
Beneath wiregrass, the ant builds a singledagnical chamber that is intersected by the
fibrous root system to produce scaffoldih@t the ants use #rrange their brood,
workers, queens, and alates. There is tlmugpportunity for the colony to segregate
colony members among different chambergpaegulate workig-group size by nest
architecture, as has been suggested byifilseh(2004) for ants that produce the more
common nest architectureBrian (1956 and 1983) showed that group size affected brood
rearing efficiency irMyrmica rubrg and one wonders how theaenests of efficiency are
served inD. mariaenests. The absence of clearrpfwlogical castes or meaningful size

variation among the workerstensifies this question. .

SEASONAL POLYDOMY

The colony cycle is dominated Byrong seasonal polydomy, beginning in
January with one or two nests. Colorgesand queen number are near their minima
between January and April. Egg prodaontcommences sometime between January and
April so that by April, worker birth rate betg its climb to its maximum in July. Increase
in the worker population drives the increas the number afiests through budding,
accompanied by a decrease in the number of workers in each nest (Fig. 34). These
patterns were different for the two colesi The worker population of colony 231-1
increased 5 fold, and the number of nedisld@. For colony 228-1, workers increased by
28 fold, and nests by 59 fold. These increases were accompanied by a 32 fold increase in
the number of queens in colony 231-1 and 27@ ificrease in colony 228-1, so that by
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July there were 59 workers per queenffop 1923). However, queen number drops
drastically after July, so thétis once more near the annual minimum by October. At this
time, egg-laying has ceased, but worker pugraestill present. It seems possible that
summer queens and overwintering queensuaretionally different. The result of the
decline of queen number during a period when the worker population is still increasing is
that colonies reach their maximum size wlhy@een number is near its annual minimum.
Clearly the great majority of queens andgsibly all queens live less than a year (Fig.

20). In October the worker pom@tion begins to decline and the colony contracts back to
a smaller number of nests (but with a Ergumber of workers in each; Fig. 34) arriving
back at the minimum of one or two nestdanuary. From the sociometry study, of the
workers alive in October, only about 19%\sue until April. A similar seasonal pattern
was observed for frequency of trail conti@as--- highest during the summer and the
lowest during the winter.

Sexual production begins as early asiApAdult alates are present May through
July with mating flights being correlated wisignificant rain events. By October, no
alates remain in the nests.

Because egg survival appears to be very low; only 3.88 % of the eggs survive to
adulthood in April and 3.66% in July. TFege of 96% of the eggs merits further
investigation. One possibilitg that the queens are layitrygphic eggs (nutritional eggs)
that are feed to the developing larvaeophic egg production has been documented in
fertile Myrmica queens (Wardlaw, 1995).

The rapid rate of increase of colosige and the number of active nests per
colony from the winter to the summer cdiilave been facilitated by the ant’s high
degree of polygyny. Queen number incredesugh the adoption of queens that were
produced during the reproductive season and vetaéned in the ret after the nuptial
flights (Fig. 20). In colon®28-1, colony size increased 28 fold from January to July
suggesting that the population doubled every month.

The seasonal patterns ofi@ay attributes and numbef active nests per colony
of D. mariaeshare elements with those reportedMiyrmica punctiventridy Snyder
and Herbers (1991), in particular, antaraks that experienceasonal polydomy
fractionate in the spring armwbntract in the winter.
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Inter-year differencesThe seasonal patterns of @oy attributes and number of
active nests per colony werdfdrent in sample year Ind 2. The census related values
were calculated by multiplying the number of queens, workers, worker pupae, sexual
pupae, male and female alates, and the eggédagite per nest (number of eggs per day
per nest) times the number of active nestcp®ny. The reduction of colony size by a
prescribed fire at the beginning of my seys probably accounts for the colonies initial
small size and the 2 to 4-fold increasehia number of active 8& per colony between
the first and second July. SinBe mariaehas above-ground trails, a dependence on
homopterans on low plants (e. g. brackendeand runner oak), and shallow nests, it
seems likely that a ground fire, especialiying the active seasomnpuld be devastating
to this ant. It is likely that the increasethe number of active nests from year 2004 to
year 2005 represents recovery from the prescribed burn.

More research is needed to determinenteire and extent of the effects of fire
on D. mariaecolonies. Did th®. mariaecolonies found in eithgslot start out as one
large colony that was fragmentby the fire disturbance? What proportion of ants is lost
to fire? Does vulnerability depd on the season of the fire?

Limitations of computationsThe primary limitation of the computations is the
application of a single yearteensus data to both yearBhis assumed that the nest
census data are similar in both years.

CONSEQUENCES OF POLYGYNY AND. MARIAE

According to Tschinkel (2006), contragtwith monogyny, the consequences of
polygyny include higher populatiatensities, lack of territeality, low alate and high
worker production, low seasonal and lifeticadony size variation, and small workers.
Nonetheless, the polygynoDs mariaedisplays high seasonahd lifetime colony size
variation. The high seasonal difdtime colony size variation dd. mariaeshare
elements with those reported tdiyrmica punctiventridy Snyder and Herbers (1991)
and the Argentine atinepithema humilein particular, ant donies that experience
seasonal polydomy. However, most ahtst are polygynous do not display seasonal

polydomy.

21



SEASONAL FEEDING BIOLOGY

Within their territory, the ants are folving and exploiting their food source of
honeydew that is provided by difemt Homopterans. The ants seem not to be very
specific to particular homopterans or hostrié. As the seasons change and different
Homopterans arise on different hp$ants the ants exploit tre@ turn by forming nests
at the base of host plants. Possibly polydaran adaptation to exploit the dispersed
and rapidly changing populatis of Homopterans, which in turn allows polygyny and
extreme colony growth rates. Wilgengwand Elgar (2007) found polydomous social
insects might reduce the costs of foraging leydtnategic distribubin of nests throughout
their territory or home range. In the meat laidiomyrmex purpureughey showed a
positive correlation between the maximum aigte between trees containing homoptera
and the maximum distance between nestsimvdltolony. Their proposed mechanism by
which this pattern may arise: new nestslarét nearer to treesoataining homopteran
populationsD. mariae during the reproductive season, in order to maximize colony
growth, forms nests at the base @ik harboring homopteran populations.

Homopterans may explain the anomalodgedence in the number of active nests
in colony 231-1 in January 2006. Whereas tolony had only one nest in January
2005, it had 18 active nests, 10 of which weretletat the base of host plants harboring
pseudococcids. On the other hand, the anmunsadifference could have been a result of
exceptionally warm temperature (highs at@and lows at 1%€) during the January
survey. These exceptionally warm temperatamadd have inducebdehaviors typical of
the spring (egg-laying and worker productiohjowever, | believe it is a combination of
temperature and homopteran tending. Formiegts at the base of saw palmettos where
pseudococcids are prevalent during the wiater warmer temperatures gave rise to an
increase in the number of active nests and colony size.

Effects of Fire: It is likely that the increase the number of active nests found at
the base of food sources from year 2004 to 28pfesents recovefyom the prescribed
burn. Most of the low plants (e.g. brackemfeand runner oak) that were devastated by

the fire did not recover dihthe second survey year.
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SPATIAL ASPECTS

D. mariaepopulations are extremely local. riga areas of Apathicola National
Forest were searchégfore yielding &. mariaepopulation. However, where
populations do occur, the ant carpets thedaade. Because a large fraction of the
colony was on the surface fgiag, true colony size is probly much larger than |
estimated, possibly up to several million afitise area occupied by the colony is similar
year to year even though the colony contracts down to omeanests. This constancy
suggests territoriality, and iedd, territorial battles weabserved where workers from
different colonies met. When workers fratfferent colonies were mixed, they fought,
which suggested that the colonies defendlasolute territory. Even with strong
territoriality, | did not find any pattern itihe position of over-wintering nests. Among
the survey colonies, some over-wintering nestse either closest to or farthest from
colony territory boundaries.

New colony formatianSpeculating, since a colony contracts down to one or two
nests in the winter, large distces may separate the two mviatering nests. If during
the spring expansion, these two nests fadldionect, their members may eventually no
longer recognize each other, so that twa gelonies have been formed. However,
further research is needed to deteerhow new colonies are formed.

WORKER SIZE VARIATION AND THE DIVISION OF LABOR

D. mariaedisplays a positive relationshiptbeen head width and body weight,
which tends to be associated with larger afisis relationship has been documented in
the Fire anBolenopsis invictand the Harvester aRbgonomyrmex badiy3 schinkel,
1993 and 1998). In addition, in Fire ants thgéa the mean worker size tends to be

associated with larger nests (Tschinkel, 1993).

D. MARIAEECOLOGICAL IMPACT IN THE LONG-LEAF PINE FOREST
D. mariaenests may have considerable ecatafjimportance to the longleaf pine
ecosystem. First, since colony size may exceed several million workers who carpet the

landscape, they probably play a substantii@ imenergy flow. The enormous numbers
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of ants sucking honeydew from enormous narslof homopterans is likely to have an
impact on the ecosystem. For instance, dyotieran populations are usually sparse and
have little impact on the net@wth of plants (Townsend, 2000). However, if conditions
permit, populations can become extrenialge effecting net growth of plants
(Townsend, 2000). Also, many hopterans act as vectorsant diseases (Townsend,
2000; Grupp, 2007). Symptoms of aphid acyivitclude curling of leaves, yellowing,
defoliation, reduction of growth, and, @xtreme cases, branch die-ba€k.mariae

possibly regulates homopteran colony sizgsnoving excess homopterans to additional
host plants to prevent overcrowdinggdaby protecting them from predation and
parasitism, such as aphid wasps, family Aphidiidae(Tschinkel, pers. comm.; Laskis, pers.
obs.). Aphid wasps are small parasitoid veayat lay eggs in the abdomen of aphids.
The larva then devours the aphid's inteorglns, leaving a dry hollow shell known as
an aphid mummy (Townsend, 2000). In adudtitithe ants protect the homopterans from
“sooty-mold”, which causes the surface of the &sato turn black in response to a fungus
that grows on the honeydew that prevents Ifghih reaching the leaf surface, reducing
photosynthesis (Townsend, 2000; Tschinkel, pers. comm.; Laskis, pers. obs.).

The degree to which the dietDf mariaedepends on insect prey is unknown, but
this is another possible source of egptal impact (Laskis, pers. obs.).

Since the abandoned nests retain their conical shape, they provide shelter for a
variety of animals. During the spring field season, snakes begin to emerge after winter
hibernation, and | removed several snakeskionms several nests that had been active the
previous year (Fig. 35). These abandonests also provided shelter for ground dwelling
spiders and small vertebrateslsas lizards. Currently tlenly other animal of the long-
leaf pine forest known to provide soil steglfor other animals is the gopher tortoise
(Myers and Ewel, 1990; Whitney, 2004).

Furtherresearchs needed to quantifl). mariaeecological impact in the long-
leaf pine forest.

LIMITATIONS OF METHODS

Certain aspects of the colony cycle @bbhve been missed because the survey
dates occurred every three months.e@uach item was sexual production. Although
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Talbot’s (1956) nuptial flight study d@. mariaeoccurred in Missouiduring the peak of
sexual production, my numerical values foxied production were safler than Talbot’s
values suggesting that the peak of sexwatluction may have occurred during the non-
surveyed months May and June. Alsagsil did not take o account during my
sampling the large fraction of the colonydging on the surface, true colony size is
probably much larger than | estimated, possibly up to several million ants.

Across the range of the ant, | would eapect my observations in regards to
seasonal polydomy to differ in other vedieta types. Although this study revealed
characteristics of the vegetation where thiecaours (e.g. fire-prone, sparse distribution
of plants harboring homopteran populationtsis difficult to predict where the ant will

occur because of the ant’s extreme locality.
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OVERALL CONCLUSIONS

Dolichoderus mariaés not a particularly commoant, but once noticed, it is
conspicuous by virtue of its uncommon tireg habits and dense populations. It is a
polygyne polydomous reddish-brown ant tisadbundant in theastern and central
United States. Across the ant’s range, thdants subterranean nests at the base of
plants with fibrous roots. This neggitbehavior has also been documenteld.imariae’s
congener®. plagiatus(Cole, 1940)D. pustulatugWesson and Wesson, 1948hd D.
taschenberg(Trager, pers. comm.). In North FloriBa mariaeexcavates soil at the
base of wiregrasslumps to form its nest (W. Tschinkel, pers. comm.). The ant’s nest
architecture consists of a shallow, sindggege conical chamber. The nests lack common
nest elements such as tunnels and chambers. Sociometry revealed that the ant is
monomorphic, and the colony cycle is doated by strong seasonal polydomy. The area
occupied by a colony is similar year tear even though the colony contracts down to
one or two nests. Within their territorynge, the ants are following and exploiting their
food source of honeydew that is provided by different homopterans. Possibly polydomy
is an adaptation to exploit the dispersad eapid changing populatis of homopterans,
which in turn allows polygyny and extreme colony growth rates. Bedauseriaehas
above ground trails, a dependence on hoeraps on low plants (e.g. bracken ferns and
runner oak), and shallow nestsséems likely that fire effecd. mariaecolonies.

However, more research is needed to datezrthe nature and extent of the effects of
fire. Finally, the ant may have considerabt®logical importance to the long-leaf pine
ecosystem. Since colony size may exceed several million workers who carpet the
landscape, they probably play a substantil@ imenergy flow. In addition, since the
abandoned nests retain their conical shdy, provide shelter for a variety of

invertebrates (e.g. spidergycasmall vertebrates (e.g. seakrodents, and lizards).
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Regional Distribution of Dolichoderus mariae

# - Reported
# - Absent

4-2-57

Fig. 01- Regional distribution @. mariae Blue states indicate whelbe mariaehas
been reported. Although no record of D.rraa exist in Ohio, Kentucky, Alabama, and
West Virginia these areas gave been paosalypled and probably occurs there as well.
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Fig. 02 D. | marlaenest occupylng a clump of wwegra@sn(stlda strictg.
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Flg 03- Close -up oID marlaenest‘occupylng a clump of wwegrass
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Fig. 04-D. mariaetending aphids (Family phididae) on turkey oalkQuercus laevis
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Fig. 05- A plaster observation nest with wire mesh and debris.
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Fig. 06- Sketch of the experimental setupdetermining queen fecundity experiments.
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Fig. 07- Photograph of long-leaf pine foréstowing a prescribed burn in compartment
228.
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Fig. 08- Photograph of experimtal plot 231. Flags indicatective and abandoned nests.
Different color flags represent differesiirvey years: blue=2004, red=2005, and
yellow=2006.
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Fig. 09- Plaster cast of an actide mariaenest. Nest #1.

Fig. 10- Plaster cast of an actide mariaenest. Nest #2.
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Fig. 11- Plaster cast of an abandoiednariaenest. Nest #3.

Fig. 12- Plaster cast of an abandobednariaenest. Nest #4.
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Fig. 13- Ants using the wire mesh and debrithe observation plasteest as scaffolding
to arrange their brood, workers, queens and alates.
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Fig. 14- Plaster observationsteovered with thatch.
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Fig. 15- Photograph of an occupiBdmariaenest covered with thatch in Apalachicola
National Forest.
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Fig. 16- The mean number of egg®duced by isolated queens per day.
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Fig. 17- The mean number of eggs produogdueens paired with 30 workers per day.
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Fig. 18- The mean number of eggs produlegdjueens paired with 0, 5, or 30 workers
per day.
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Fig. 19- Census of ants per nest. The nurmobeueens, workers, worker pupae, sexual
pupae, male and female alates, and egg-laying rate per nest. Note the different scales.
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Fig. 20- Census-related values per colony. The number of active nests, queens, workers,
worker pupae, and egg-laying rate pelony. Note the different scales.
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Fig. 20- continued.
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Fig. 21- Computed rates per colony. The caotegd colony growth ratand birth rate per
colony. Note the different scales.
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Histogram of Head Widths
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Fig. 22- Frequency distribution of the headlthis for 50 ants from 5 different colonies
(micrometers).
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Histogram of Body Weights
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Fig. 23- Frequency distribution of the body gletis for 50 ants from 5 different colonies
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Scatterplot (Final Data Table Head Widths and Body Weights (5) 15v*241c)
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Fig. 24- The cube root of the body weight oa Head width a standhallometric plot
(micrometers).
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Fig. 25- For colony 231-1 the total number of active and abandoned nests for both survey
years with associated contieg trails. The maps displaabandoned nests that have
recently become abandoned since the last survey. X-axis equals east to west and Y-axis

equals north to south.
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Fig. 26- For colony 228-1 the total number of active and abandoned nests for both survey
years with associated contieg trails. The maps displaabandoned nests that have

recently become abandoned since the last survey. X-axis equals east to west and Y-axis
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Compartment 231
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Compartment 228
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Fig. 30- The spatial positions of active @l circles) nests for colony 231-1, 231-2, and
231-3 for 2004. X-axis equals east to waesdl Y-axis equals north to south.

Fig. 31- The spatial positions of active (cldsgrcles) and abandonédpen circles) nests
for colony 231-1, 231-2, and 231-3 for 2005. Asaequals east to west and Y-axis
equals north to south.
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Fig. 32- The spatial positions of active @l circles) nests for colony 228-1 and 228-2
for 2005. X-axis equals east to wast Y-axis equals north to south.

Fig. 33- The spatial positions of active (cldsgrcles) and abandonédpen circles) nests
for colony 228-1 and 228-2 for 2006. X-axis elgugast to west and Y-axis equals north
to south.
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Fig. 34- The total number of active ne&iscolony 231-1 and colony 228-1 for both
survey years including colony size.
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Fig. 35- Photograph of entrance hdbgsan oak snake reoccupying an abanddhed
mariaenest.
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Table 01- Census of ants per nest for one year.

Mean Mean Mean Mean Mean
Month | # queen|s. d.| #worker| s.d. | #wkr. pupae| s.d. #sex pupgde s.d.# males s. d.
Jul-2005 189 215 13194 5491 3691 158 1808 17643 474 364
Oct-2005 12 19 75892 80846 7975 4632 0 0 2 6
Jan-2006 39 36 72914 46710 2 6 q 0 0 0
Apr-2006 52 57 18616 1236p 1809 18Y0 20 21 0 0

Table 01- continued.

Mean queens per Mean egg-laying
Mean worker rate
Month | # females s. d. ratio s. d. (eggs/day)
Jul-2005 384 296 0.017 0.018 7200
Oct-2005 0 0 0.00031 0.00066 2392
Jan-2006 0 0.00052 0.0005 0
Apr-2006 0.0025 0.0023 1664
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Table 02- Census-related values and pot®d demographic rates per colony for one
year.

Mean #
gueens

colony ID month colony size |# queens| per nest # wkrs. |# wkr. pupae
colony 231-1 Apr-2004 168012 468 52 167544 16281
colony 231-1 Jul-2004 133780 1800 180 131980 36910
colony 231-1 Oct-2004 531328 84 12 531244 55825
colony 231-1 Jan-2005 145906 78 39 145828 4
colony 231-1 Apr-2005 186680 520 52 186160 18090
colony 231-1 Jul-2005 187292 2520 180 184772 51674
colony 231-1 Oct-2005 759040 120 12 758920 79750
colony 231-1 Jan-2006 1313154 702 39| 1312452 36
colony 228-1 Jul-2004 214048 2880 180 211168 59056
colony 228-1 Oct-2004 531328 84 12 531244 55825
colony 228-1 Jan-2005 72953 39 39 72914 2
colony 228-1 Apr-2005 354692 988 52 353704 34371
colony 228-1 Jul-2005 789302 10620 180 778682 217769
colony 228-1 Oct-2005 2049408 324 12| 2049084 215325
colony 228-1 Jan-2006 145906 78 39 145828 4
colony 228-1 Apr-2006 578708 1612 52 577096 56079
Table 02- continued.

birth rate egg-laying rate| change in |survival from

colony ID | month |(# wkr. pupae/day)| (eggs/day) |colony size| egg to adult
colony 231-1| Apr-04 581 14976 3.88
colony 231-1| Jul-04 2636 72000 -34232 3.661
colony 231-1| Oct-04 1396 0 397548
colony 231-1| Jan-05 0 -385422
colony 231-1| Apr-05 646 16640 40774 3.882
colony 231-1| Jul-05 3691 100800 612 3.662
colony 231-1| Oct-05 1994 0 571748
colony 231-1| Jan-06 0 554114
colony 228-1| Jul-04 4218 115200 3.661
colony 228-1 | Oct-04 1396 0 317280
colony 228-1 | Jan-05 0 -458375
colony 228-1| Apr-05 1228 31616 281739 3.881
colony 228-1| Jul-05 15555 424800 434610 3.661
colony 228-1 | Oct-05 5383 0| 1260106
colony 228-1 | Jan-06 0] -1903502
colony 228-1| Apr-06 2003 51584 432802 3.881

59



Table 02- continued.

days # active mean #
between |colony growth rate| nests workers |mean pupae
colony ID month samples (ants/day) per colony | per nest per nest
colony 231-1 Apr-2004 91 9 3222 313.0
colony 231-1 Jul-2004 92 -372 10 733 205.0
colony 231-1 Oct-2004 93 4275 7 44270 4652
colony 231-1 Jan-2005 91 -4235 2 3739 0.1025
colony 231-1 Apr-2005 91 448 10 3580 347.8
colony 231-1 Jul-2005 92 7 14 1027 287.0
colony 231-1 Oct-2005 93 6148 10 63243 6645
colony 231-1 Jan-2006 91 6089 18 33653 0.9230
colony 228-1 Jul-2004 93 16 1173 328.0
colony 228-1 Oct-2004 91 3487 7 44270 4652
colony 228-1 Jan-2005 91 -5037 1 1870 0.0512
colony 228-1 Apr-2005 92 3062 19 67956 660.9
colony 228-1 Jul-2005 93 4673 59 4326 1209
colony 228-1 Oct-2005 91 13847 27 170757 17940
colony 228-1 Jan-2006 91 -20918 2 3739 0.1025
colony 228-1 Apr-2006 92 4704 31 11098 1078
Table 02- continued.
pupal
development
colony ID month (days)

colony 231-1 Apr-2004 28
colony 231-1 Jul-2004 14
colony 231-1 Oct-2004 40
colony 231-1 Jan-2005 0
colony 231-1 Apr-2005 28
colony 231-1 Jul-2005 14
colony 231-1 Oct-2005 40
colony 231-1 Jan-2006 0
colony 228-1 Jul-2004 14
colony 228-1 Oct-2004 40
colony 228-1 Jan-2005 0
colony 228-1 Apr-2005 28
colony 228-1 Jul-2005 14
colony 228-1 Oct-2005 40
colony 228-1 Jan-2006 0
colony 228-1 Apr-2006 28
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Table 03- Mean X and Y coordinate (Cartesfaand Y plot) for all tle nests within each
colony for the two sequential survegars: s. d. = standard deviation.

X Y
Coordinate s. d. of Coordinate s. d. of
Colony ID|Survey Year}# active nests| Mean |X Coordinate Mean Mean |Y Coordinate Mean
231-1 2004 25 19.4 10.41 29.32 14.86
231-1 2005 22 25.43 14.56 33.31 18.48
231-2 2004 4 100.25 11.69 53.5 5.91
231-2 2005 12 95.6 11.46 55.7 4.31
231-3 2004 18 119.75 12.77 19.5 11.4
231-3 2005 5 108.6 11.99 6.9 15.27
228-1 2005 108 62.77 33.39 8.97 5.64
228-1 2006 57 54.14 30.87 11.54 6.25
228-2 2005 53 61.02 31.35 40.66 4.67
228-2 2006 64 47.14 25.56 40.73 5.3
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Table 04- Compared means across survey years by colony.

Colony ID Comparison p-value
228-1 X Mean 2005 and 2006 0.10 n. s.
228-1 Y Mean 2005 and 2006 0.16 n. s.
228-2 X Mean 2005 and 2006 0.39n.s.
228-2 Y Mean 2005 and 2006 0.48 n. s.
231-1 X Mean 2004 and 2005 0.22n.s.
231-1 Y Mean 2004 and 2005 0.60 n. s.
231-2 X Mean 2004 and 2005 0.66 n. s.
231-2 Y Mean 2004 and 2005 0.62n. s.
231-3 X Mean 2004 and 2005 0.16 n. s.
231-3 Y Mean 2004 and 2005 0.09 n. s.
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APPENDIX

Driving directions and excerpts froApalachicola National Forest (Florida)
forest service map to compartments contaifingnariaepopulations. Apalachicola
National Forest is divided into forestrgee units called compartments. Several
compartments of Apalachicola National Forest were search&l foariaepopulations.
Only 5 compartments yielddd. mariaepopulations: compartments 231, 228, 245, 4 and
13.

Driving directions to compartment 23Bite discovered by Walter Tschinkel and
Kevin Haight. On Springhill road drive south to Helen Guard, make a right. Take Helen
Guard until Rte. 267 (Bloxham €off). Make a right. Drive 5 miles on Rte. 267. You
will see a dirt road to the lefeast) with a marker identifying it as forest road 367 make a
right. Travel approximately 1.5 miles on fet@oad 367. Stop! D. mariae population is
on the left side of the road (Fig. 01).

Driving directions to compartment 24%ite discovered by Walter Tschinkel and
Josh King. On Springhill road drive southHelen Guard, make a right. Take Helen
Guard until Rte. 267 (Bloxham €uoff). Make a right. Drive approximately 2.8 miles
on Rte. 267. You will see a dmbad to the right (west) with marker identifying it as
forest road 307 make a left. Travelpaoximately 1.5 miles, passing intersection of
forest road 383. At the second intersection make a right (doesveoadhassigned forest
road #). Go pass the roundabout, travel 0.4 wiile, and Stop! D. mariae populations
are on the right side of the road (Fig. 01).

Driving directions to compartment 22&ite discovered by Walter Tschinkel. On
Springhill road drive south to Tom Robeftsrest road 305), make a right. Look for a
shooting range sign. Once on Tom Robersedt road 305) follow the signs to the
shooting range. At the intersection of fetreoad 307 and 305 the Clear Lake Wilderness
Study Area set odometer to 0.00. Continudasast road 305 until the odometer reads
0.8 miles. At 0.8 miles on the left look for adst road that does not have an assigned
forest road #, turn left. Travel down the doavhen the road forks stay to the left. Total

distance traveled on unmarked forest roadhtils. Park vehicle. On foot, walk
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through the Ty-Ty swamp. On the otls&te it will open up to a clearindd. mariae
populations are found on both sides of the road (Fig. 01).

Driving directions to compartmendsand 13: Sites discovered by Loran
Andersen. Drive to Bristol, turn left (southd the traffic lightwvhich will put you on Rte
12. Drive south on Rte 12 nearly 10 mile&u will see the Apalachicola Nat'l Forest
sign. Just beyond the sign you will see a diarto the left (east) with a marker
identifying it as forest road 150. Drive east on forest road 150 for about 2/3 mile and you
will see in the burned pine flatwoods an open savanna area to your left (north). This area
is covered with 'tussocks' of wiregrass anfair number of ant 'towers'--some of them
over a foot tall. If you miss the forestad sign and continue on Rte 12 you will
immediately come upon the National ForestrilM8enter on your left, so turn around and
take the first dirt road on your right (€aghich will be forest road 150 (Fig. 02).
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Fig. 01- Excerpt from Apalachicola NationalrEst (Florida) forest service map showing
location of compartments 245, 228, and 2310vBr lines indicated routes and forest
roads.
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Fig. 02- Excerpt from Apalachicola NationalrEst (Florida) forest service map showing

location of compartments 4 and 13. Browresnndicated routes and forest roads.
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	INTRODUCTION AND LITERATURE REVIEW
	 MATERIALS AND METHODS
	Alates first appeared in April and reached a maximum in July.  July nests had the highest number of the 3 sexual ant types: sexual pupae (average of 1800; s. d.=1800), male alates (average of 480; s. d.=370), and female alates (average of 380; s. d.=300).  On average, 21 sexual pupae per nest were found in April (s. d.=21).  Small amounts of female alates (average of 1; s. d.=3) were found in April, and small amounts of male alates (average of 2; s. d.= 6) were found in October.  None of the 3 sexual ant types were found in January.   
	The worker pupae number reached a maximum in October (average of 8,000; s. d.=4,000) steadily declined in January and April until reaching a minimum in July (average of 3,600; s. d.=160). No eggs were found although the number of worker pupae was highest in October.  No brood of any kind was found in January.  

