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ABSTRACT

The Turtle Ant, Zaczyptocerus rohweri, is an arboreal,
polydomous ant commonly nesting in the dead branches of Palo
Verde.

Colonies are small with a dimorphic worker caste.

Their diet was observed to be primarily liquid, but pollen
may also be important.

Behavioral studies revealed a high

degree of both oral and abdominal trophallaxis.
The morphology of the digestive tract of
also described.

Z. rohweri is

The proventriculus is covered with clusters

of small spines which act as a fine filter of food.
Ultrastiructural study reveals bacteria amongst the
microvilli of midgut epithelial cells.

The hindgut consists

of an enlarged pouch filled with large masses of bacteria of
three major morphotypes.

Newly emerged individuals appear

to acquire these microorganisms through abdominal
trophallaxis of older workers in the colony. The hypothesis
that abdominal trophallaxis is a means of transferring
hindgut bacteria which may add important nutrients to their
limited diet is proposed.
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CHAPTER 1:

NOTES ON THE BEHAVIOR AND NATURAL

HISTORY OP ZACRYPTOCERUS ROHWERI

Introduction
The cephalotines are a large group (110 species) of
neotropical myrmicines. The tribe includes four well
defined genera of which the genus Zacryptocerus is the
largest with 70 species (Kempf 1951). Little is known about
the habits of these ants as a whole, but studies have been
done on a few of the species. Three papers provide detailed
accounts of the behavior of the Texas species, Z. texanus.
(Creighton and Gregg 1954, and Creighton 1963, 1967).

Only-

one short research report has been published on the Arizona
species, Z. rohweri (Creighton and Nutting 1967).

Other

studies on cephalotine behavior include: Wilson (1976) and
Cole (1980) on Z. varians; Wheeler (1984) on Procryptocerus
scahriusculus; and Com (1980) on Cephalotes

atratus.

These studies highlight some of the unusual behaviors of the
cephalotines including abdominal trophallaxis, a high degree
of oral trophallaxis, their defensive behavior, and pollen
feeding by Z. texanus and Z. rohweri.
In this communication, I present behavioral
observations and some natural history of Z. rohweri
the lab and in the field, with comparisons to other

both in
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cephalotines.

These include a catalogue of laboratory-

behaviors, allometric data, and notes on diet.

Materials and Methods
Collection of Colonies:
Nine colonies of Z. rohweri

were collected from dead

branches of Foothills Palo Verde trees {Cercidium
microphyllum).

Six colonies were collected from Sonoran

Arthropod Studies Institute's field station located on the
west slope of the Tucson Mountains west of Tucson, Arizona
(southwest quarter, section #4 T14 south, R12 east, 886m.).
Three other colonies were collected from Pima and Finger
Rock canyons located on the south side of the Santa Catalina
Mountains just north of Tucson. Nest sites were located by
following foragers to the entrance hole of a colony.

All

dead branches of a tree were cut to include several inches
of live wood since the ants were often found in the moister
passages located where the dead and green wood met.
Branches were carefully split open and the entire colony,
including brood, removed.

In most cases the branch

splitting resulted in few casualties. Colonies were housed
in large plastic Petri dishes {25mm deep and 145mm in
diameter) with a balsa wood and glass chamber that served as
a nest.

The base of each nest consisted of a 25 x 75 mm

u
sheet of balsa wood (3 itiin thick.).

A standard glass

microscope slide, supported above the base with additional
strips of balsa wood, provided a transparent cover (Fig. 1).
Colonies were supplied with water via a test tube plugged
with cotton and were fed cut up roaches or crickets as well
as a honey and water solution fortified with vitamins and
salts.

Some colonies were fed pollen hand collected from

plant species found at the SASI field site (provided by Dr.
Stephen Buchmann, Carl Hayden Bee Lab).

Morphometric Data:
Body measurements were taken from a whole nest
containing 142 individuals (1 queen, 25 soldiers, and 114
minors).

Live individual ants were restrained on soft

cotton by means of a glass slide and measurements were taken
using a dissecting scope containing an ocular micrometer.
Head, thorax, and abdomen width were measured at their
widest points.

Dietary notes:
During field and lab observations, special attention
was given to the types of food on which the ants chose to
feeding.

The response of Z. rohweri to hand collected

pollen from several plant species present at the field site

Figure 1. Top view of an artificial nest. Base is
constructed of a thin sheet of balsa wood. The top of the
nest is a standard glass microscope slide supported above
the base with additional strips of balsa wood. When ants
are not being observed, the glass slide is covered with an
equal sized piece of black construction paper. Note the
excavated entrance/exit hole created by the ants.
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was also examined.

Each pollen sample was presented singly

to the colony at the feeding time on a given day until all
pollens were sartpled.

If the ants responded by eating the

pollen sample a positive was recorded.

A negative response

was noted if the ants did not eat the pollen saitple.

Behavioral Observations:
Field observations were made April-June 1990.
Observations were taken between 7 AM -12 noon and between 2
PM and 5 PM.

Field data were limited due to the very few

foragers present at any given time as well as the difficulty
in following individual ants in the often large and tangled
Palo Verde trees. Two attempts to locate foragers after
dark were unsuccessful.
More extensive observations were made in the
laboratory.

A Petri dish containing a freshly collected

colony was placed in an artificial nest {described above)
and set under a dissecting scope with a moveable arm. This
allowed complete scans of the colony without disturbing the
nest.

A preliminary ethogram was conducted with two 2 small

colonies of 16 and 36 ants respectively.

The purpose of

this first ethogram was to familiarize nyself with the
various behaviors.

A second ethogram was performed on a

larger colony of 140 individuals.

The colony was observed

for a total of 12.5 hours over a period from 1-25 through
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4-24-91.

Observations occurred between 7AM and llPM at

temperatures ranging from 74-79* F (23-26* C).

Observations

made after sunset were performed using a red filter so as
not to disturb any natural night-time behaviors.

For both

ethograms, observations were divided into 25 thirty minute
periods in which the colony was scanned every two minutes.
During each two-minute scan, the number of acts observed for
each type of behavior and by which caste was recorded.

Results and Discussion
Distribution:
Ants of the tribe Cephalotini are reported to be
exclusively arboreal nesters (Kempf 1951, 1958, 1973) and Z.
rohweri is no exception.

Creighton and Nutting (1965) found

that Z. rohweri nests in dead branches of trees found at
elevations of 854-1129m in the foothills and canyons of
Southern Arizona,

own observations corroborate these

findings as all nine colonies collected were found between
854-946m.

Attempts to find colonies in dead branches of

trees at lower elevations in the Tucson area yielded only
Crematogaster and Pseudomyrmex species. Figure 2 shows
distribution based on locality data listed for Z. rohweri by
Creighton and Nutting (1965); additional localities were
obtained from specimens in the University of Arizona and Los
Angeles Museum of Natural History collections, data from
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Fignre 2. Distributional map for Zacryptocerus rohweri.
Datapoints are from Creighton and Nutting (1965), Smith
(1947), from specimens in the collection of the University
of Arizona and the Natural History Museum of Los Angeles,
and from personal collection data.
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Smith (1947), and personal observations.

A specimen in the

Los Angeles Museum of Natural History was collected near El
Carrizo, Sinaloa at an elevation of 61m; a much lower
elevation than any specimen collected in Arizona.
Z. rohweri appears to prefer nesting in Palo Verde
{Cercidium sp.) trees, however, Creighton and Nutting (1965)
and Smith (1947) report a few colonies collected in Celtis
sp., Prosopis sp., and Quercus sp.. The prevalence of
records from Palo Verde may be due to an increased ability
to find these black ants on the pale green bark of Palo
Verde.

All nine colonies collected for this study were

found in Cercidium microphylum.

Description of Nests:
A few important features of Z. rohweri nests were noted
while collecting colonies for observation. Colonies are
small ranging in size from 16 individuals to 243 in the nine
colonies collected.

Average colony size was 89 ants with

five of the nine colonies having more than 75 individuals.
Creighton and Nutting (1965) report "seldom more than 75
workers; most total less than 50" in their study of Z.
rohweri nests.

All except the largest colony collected

(which had four de-alated queens) were monogynous.
Creighton (1963) reported that the Z. texanus is polydomous.
I was able to confim that Z. rohweri is polydomous from one
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colony collected from a small palo verde where all dead
branches and twigs within the tree were examined. The
colony was split up among three branches in the tree with a
separate grouping of ants in each branch.

Each grouping

contained some brood, with the single queen present in the
grouping found in the branch with the largest diameter.
ants were placed within a single Petri dish nest.

All

As no

aggression or avoidance behavior was observed, it is likely
that the three groupings were all part of the same colony.
On several occasions, small groups of ants were collected
with some brood but no queen.

The frequency of these colony

fragments also suggests polydorryNests consisted of narrow tunnels within each dead
branch.

Most nests appeared to be extensions of vacant

tunnels left in the dead branches by beetle larvae (both
adults and larvae of small Buprestids were frequently
observed in and on Palo Verde trees).

The ants were

observed excavating at one of the field nests.

Excavation

was also observed in the captive colonies housed in
artificial balsa wood nests.
In all colonies collected, the queen and brood were
located at the juncture of dead and green wood (an
observation also made by M. Chrisman (Wheeler 1916) from the
type locality).

The juncture consisted of a core of dying,

brown wood extending into the live greener wood. This area
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is somewhat damp and likely provides a humid environment for
the brood.

Morphometries & Caste Characterization:
Z. rohweri

is dimorphic with a smaller worker caste

and a larger soldier with a specialized disc-shaped head.
The queen is similar in size to the soldiers, but has a
smaller head and a longer abdomen; in addition, the queen's
thorax lacks spines and possesses wing scars.

Worker head

widths ranged from 1.07 to 1.40 mm while those of the
soldiers were 1.65 to 1.90 mm in width.
was 1.57 mm.

Queen head width

Two additional alate queens had head widths of

1.57 and 1.73mm.

Head width was used for analysis, however,

thorax and abdomen width showed a similar pattern of
allometry.

Figure 3 shows frequencies in head width for all

individuals in the sample colony (n=142) as well as a loglog plot showing the bimodal distribution based on head
width.
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Figure 3. Size frequency distribution of the head widths
for colony #6 is shown at left. A scatter plot of head
width versus thorax width for the same individuals is shown
at right. The slope for the soldiers (upper cluster) is
-1.92 and for the workers (lower cluster) -1.11. The
correlation coefficient for all is .626.

20

Diet Observations:
In the field, ants were seen feeding on nectaries
around new growth and on flowers of Palo Verde, and on one
occasion, on a fresh bird dropping.

Ants were also commonly

observed licking the bark of Palo Verde branches as they
crawled along. Creighton (1963, 1967) noted a similar
behavior in Z. texanus, where ants would lick the hairy
under-surface of the leaves of live oak as well as the rough
surface of the Tillandsia (ball moss) growing on the oak
trees.

Creighton determined that the ants were licking up

pollen grains stuck to these rough surfaces.

Cercidium bark

has a similar rough surface and it may be that Z. rohweri is
foraging for wind-bome pollen trapped on the bark.

On the

basis of this interesting observation, captive colonies were
fed several different hand collected pollens and observed.
Workers eagerly gathered up some pollen types, but avoided
others (Table 1).

Workers were seen regurgitating and

placing infrabuccal pellets containing pollen onto the
mouths of larvae in the colony.

When Creighton (1963)

presented Z. texanus colonies with pollen from oak catkins,
willow, and box elder, he observed a similar liking of the
pollen by the foraging workers.
In the lab, captive colonies were fed cut up frozen
insects and a fortified honey and water mixture.

All

21

Hand Collected Pollens
Simaondsia chenensis
lypha latifolia
Populus fremontii
Prosopis velutina
Ephedra trifurea
Cucurbita foetidissima
Opuntia versicolor
Opuntia phaeacantha
Cereus giganteus
Fouquieria splendens
Phoradendron califomicum
Kallstroemia grandiflora
Larrea tridentata

Response
Jojoba
Cattail
Fremont's Cottonwood
Velvet Mesquite(hand&bee)
Mormon Tea
Buffalo Gourd
Staghom Cholla
Englemann's Pricly Pear
Saguaro
Ocotillo
Mistletoe
Mexican Poppy(bee)
Creosote Bush

-

+
+
+
+
+
-

++
+
++
+

Teible 1. Pollen preference of a colony of Z. rohweri. All
pollen sampled by the ants was hand collected and provided
by Dr. Steven Buchmann (USDA - Carl Hayden Bee Lab).
denotes a negative reaction by the ants (individuals were
not observed eating pollen). "+" indicates that pollen was
eaten by the ants and "++" indicates pollen species that the
ants spent long periods of time eating.
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captive colonies continue to do well on this diet even after
5 years in captivity.
Studies of other cephalotines {Cephalotes atratus and
Zacryptocerus sp.) report ants feeding on extra floral
nectaries, homopteran honeydew, fallen fruit, dead animal
matter, slow moving insects, and beef and tuna baits (Weber
1957, Com 1980, Adams 1990).

Behavioral Observations:
Foraging observations of Z. rohweri in the field were
limited since few foragers were out at any one time and it
was difficult to follow individual ants among the many
tangled Palo Verde branches.

Creighton (1967) reported a

similar low number of observation of Z. texanus workers in
the crowns of oak trees.

He also reported fewer than 20

foragers (from a colony of 180 individuals) out at any given
time.
No mating flights were observed in the field, however,
males were seen outside known nests on two occasions in
July.

Three colonies collected in May through August

contained both male and female reproductives.

Creighton

(1965) reported seeing a mating flight in Baboquivari Canyon
in Arizona in July. Captive colonies continued to produce
both male and female reproductives in late spring each year.
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An ethogram (or listing of the behavioral repertoire)
for a particular ant species is a convenient mechanism for
familiarizing oneself with the behavior of an ant species
(Wilson and Fagen 1974).

This method has been used in many-

studies of ants, including three Cephalotine species (Wilson
1976 Z. varians, Cole 1980 Z. varians, Corn 1980 Cephalotes
atratus, and Wheeler 1984 Proczryptocerus scabriusculus) thus
data can be compared to other ant species.

An ethogram from

a freshly collected Z. rohweri colony is summarized in Table
2.

A total of 32 different behaviors were recorded.

Wilson

(1876) and Cole (1980) report a similar number of observed
behaviors for Z. varians; 38 and 31 one different behaviors
respectively.

Wheeler (1984) observed a total of 31

distinct behaviors in her study of P. scabriusculus.
Nighttime observations did not yield any new behaviors
or any increase or decrease in behaviors.

Table
total
hours
times

2. Sununary of the ethogram for colony #6. The colony observed contained a
of 140 ants (114 workers, 25 soldiers, 1 queen, plus 8 callows in the last 3.5
of observation). Behavioral categories are listed along with the number of
each was observed. Frequencies are in parentheses.

Acts

Workers

Soldiers

Self-groom

1604(.3023)

99(.0186) 19(.0036)

Allogroom
worker
soldier
queen

413(.0778)
36(.0068)
10(.0019)

1 (.0002)

Antennal tipping

75(.0141)

7(.0013)

Abdominal trophallaxis
worker licks worker
worker licks soldier
worker licks queen

93(.0175)
13(.0025)
4(.0008)

1 (.0002)

Solicit-donate liquid food
with worker
with soldier
with larva
with callow
with queen
with male reprod.

890(.1677)
271(.0511)
358(.0675)
14(.0026)
33(.0062)
8(.0015)

2(.0004)
7(.0013)

2(.0004)

Infrabuccal pellets
extrude
carry
feed to larva

89(.0168)
91(.0172)
[:8(.0166)

8(.0015)
5(.0009)
9(.0017)

1(.0002)

callows
32(.0060)

Table 2 - Continued
Eat
unidentified food
honey

79(.0149)
220(.0415)

7(.0013)

egg
larva
pupa
new emergent

16(.0030)
158(.0298)
3(.0006)
411.0077)

10(.0019)
2(.0004)

13(.0025)
145(.0273)
36(.0068)

3(.0006)
17(.0032)
2(.0004)

1(.0002)

Lick

Manipulate, carry, drag
egg
larva
pupa
callow
male reprod.

1(.0002)
1 (.0002)

Excavate

8(.0015)

Lick nest wall

179(.0337)

52(.0098)

Debris
carry, manipulate
lick

5(.0066)
15(.0028)

8(.0015)

Total number of acts

5039(.9497)

242(.0456)

1(.0002)

23(.0043)

32(.0060) =5306

lO
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Below I describe some of the more \anusual behaviors
observed and conpare these observations with behavioral
studies of other Cephalotines studied to date.
Axitennal tipping is a behavior observed in certain
rr^rmicines whereby the ant raises its body slightly and
quivers while often pointing the antennal tips towards each
other (Wilson 1976).

This description describes the

behavior observed in Z. rohweri well, except that the
antennae were not held pointing each other.
Abdominal trophallaxis is a behavior similar to the
oral exchange of food except that a receiving ant solicits
material from the abdominal tip of a donor ant.

This

behavior, common in lower termites, is rare in ants and has
only been observed in other Cephalotines and Hairpagoxenus
americanus (Stuart 1981).

In termites, newly emerged

workers acquire protozoans and bacteria necessary for the
digestion of wood by anal trophallaxis. In ants, it has
been speculated that the gut material produced actually
comes from the ovary (Wilson 1976, Stuart 1981), but no
definitive studies have been performed to verify this.

An

alternative hypothesis is based on morphological studies of
Cephalotine species by Caetano (1984) and Caetano and CruzLandim (1985), plus the observations reported here on Z.
rohweri.

These studies report the presence of an enlarged,

specialized hindgut pouch filled with large masses of
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bacteria.

It is possible that abdominal trophallaxis is a

means by which individuals within the colony (especially
callows) are able to acquire the bacteria which may aid in
digestion.

Wheeler (1984) observed abdominal trophallaxis

in callows of P. scabriusculus where single bouts lasted up
to 30 minutes.

Brief periods of abdominal trophallaxis were

observed many times between mature adult workers and
soldiers of Z. rohweri, but no callows exhibited this
behavior probably due to the fact that they were only
present during the last 3.5 hours of observation in the
ethogram.

This behavior was, however, observed in callows

in the preliminary ethogram where a callow was observed
soliciting from the abdominal tip of an older soldier for a
period of over 15 minutes.
Oral trophallaucis occurs very frequently in Z.
rohweri colonies.

This behavior comprised 29.87% of the

total acts observed. This high degree of oral exchange of
food has been reported for Z. varians as well.

Wilson

(1976) and Cole (1980) report frequencies of 22.8% and 21.3%
respectively.

Cole (1980) reported a level of 27.9% for

this behavior in a Colohpsis sp., another arboreal ant with
a predoininately liquid diet.

Such a high frequency of oral

food exchange and appears to be correlated with a primarily
liquid diet.
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Infra^duccal pellets were either extruded, carried or
fed to larvae in 5.48% of the total acts observed.

Pellets

were licked and manipulated for long periods of time before
being discarded in the refuse pile outside the nest. In
other observations, ants that were fed hand collected pollen
were seen extruding pellets filled with pollen directly on
larval mouths. Cole (1980) observed both Z. varians and a
Colohopsis sp. feeding infrabuccal pellets to their larvae.
This behavior has only been observed in arboreal nesting
species and may be associated with water conservation
(Wilson 1976), an issue especially important as Z. rohweri
lives in a dry, desert environment where water is scarce.
Excavation was observed in both ethograms.

Colonies

were supplied with an artificial nests made with balsa wood
covered by a glass slide.

Although an entrance was

provided, the ants generally excavated their own entrance
hole in the balsa wood.

Soldiers were often seen resting

within these new (and smaller) entrances presumably guarding
the nest as they would in a natural nest.
In conclusion, Z. rohweri is an arboreal, polydomous
ant commonly nesting in the dead branches of Palo Verde.
Colonies are small with most containing 75 or more ants (a
larger colony size than previously reported).

It has a

dimorphic worker caste and pollen may be an important part
of their predominately liquid diet.

Z. rohweri exhibits
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many of the behaviors shown in other arboreal species
especially Z. varians and P. scahriuscuius. A high degree
of both oral and abdominal trophallaxis may be related to
their predominantly liquid diet, but, in the case of the
latter behavior, may also be an important means of
transferring hindgut bacteria which may add important
nutrients to their limited diet.
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CHAPTER 2: MORPHOLOGICAL SPECIALIZATIONS OF THE
DIGESTIVE TRACT OF ZACRYPTOCERUS ROHWERI

Introduction
The cephalotines are a large, well defined tribe of
neotropical irYrmicines containing 110 species in 4 genera.
ZacryptocexxLS is the largest genus with approximately 70
species.

All species in the tribe are arboreal, including

Zacryptocerus rohweri,

which is found in the dead branches

of palo verde and other trees in the foothills and canyons
of southeastern Arizona.

What little is known about the

diet of this and other cephalotine species suggest that it
is peculiar in several ways.
Field observations of four species [Zacryptocerus
texanus, Z. rohweri, Cephalotes atratus, and Z. maculatus)
show that their diet can include plant nectars, wet bird
droppings, homopteran honeydew, carrion, and most notably,
pollen (Adams 1990, Creighton 1963, 1967, Creighton and
Nutting 1965, and Weber 1957). Pollen feeding is highly
unusual in ants with Z. texanus and Z. rohweri being the
only two species in which this has been documented
(Creighton 1963, 1967, Creighton and Nutting 1965, and
Wilson 1976).
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In addition, three tropical species representing the
three most common genera show a higher than usual amount of
oral exchange of food.

Further, these cephalotines have

been observed licking the abdominal tip of older nestmates
within the colony. This behavior, termed abdominal
trophallaxis, is common among termites, but rare in the
Formicidae (Wilson 1976). In termites, newly molted
individuals lick the abdominal tip of older workers in order
to acquire bacterial and protozoan symbionts needed for the
digestion of wood (Cleveland 1926).
These unusual dietary behaviors combined with some
known peculiarities of cephalotine gut morphology (Caetano
1984, Caetano and Cruz-Landim 1985) led me to examine the
gut morphology of the Arizona species.

Here I describe the

major morphological features and ultrastructure of the
proventriculus, midgut, and hindgut of Zacryptocerus
rohweri.

Materials and Methods
Collection of Live Colonies:
Colonies of Z. rohweri

were collected from dead

branches of Palo Verde trees {Cercidium microphyllum)
located at either Sonoran Arthropod Studies Institute's
field station on the west slope of the Tucson Mountains west
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of Tucson, Arizona or in Pima {892m) and Finger Rock {946m)
canyons in the Santa Catalina Mountains north of Tucson,
(southwest quarter, section #4 T14 south, R12 east, 886m.).
Nest sites were located by following foragers to the
entrance hole of a colony.

Branches were carefully split

open and the entire colony, including brood, removed.
Colonies were housed in artificial nests within large
plastic Petri dishes (25 mm deep and 145 mm in diameter).
The base of each nest consisted of a 25 x 75 mm sheet of
balsa wood (3 mm thick).

A standard glass microscope slide,

supported above the base with additional strips of balsa
wood, provided a transparent cover. Colonies were supplied
with water via a test tube plugged with cotton and were fed
cut up roaches or crickets as well as a honey and water
solution fortified with vitamins and salts.

Morphology:
The general morphology of the digestive tract
(proventriculus, midgut, and hindgut) was examined in
several ways: by direct observation under a light
microscope, by scanning electron microscopy, and by
transmission electron microscopy.
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Light microscopy
To prepare proventriculi for examination with a light
microscope, individual ants were cooled and dissected in
0.9% saline.
pallens

Proventriculi of Z. christophersoni (P), Z.

(P), Procryptocerus scabriusculus

Cephalotes atratus

(CR) and

(P) were obtained from specimens

collected and preserved in alcohol by D. Wheeler in Costa
Rica and Panama. The crop was cut open, and the
proventriculus removed and placed into 10% KOH overnight at
room terrperature. Samples were rinsed with distilled water
and dehydrated in a standard ethanol series ending with 100%
ethanol.

Specimens were directly mounted on a slide or were

subsequently stained with a weak solution of acid fuchsin
for 1 hour and then whole mounted on a slide with Permount.
To determine the filtration capacity of the
proventriculus, individuals were fed 50% honey and water
solution containing food coloring (to help visualize the
progression of the meal through the ant digestive system)
and colored PMMA beads 2.5-50|im in diameter (Polysciences).
Ants were allowed to feed 2 hours before dissection.

The

infrabuccal pocket, crop, and midgut were carefully
separated.

The beads found in each digestive tract

compartment were measured under a light microscope fitted
with a micrometer. The largest bead size in each
compartment was recorded.
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Scanning electron microscopy
For scanning electron microscopy, proventriculi were

cleaned and dehydrated as above and placed on an SEM stub
with double-stick copper tape topped with silver tape placed
sticky side up. This produced a thin, sticky surface that
did not obscure the tiny proventricuius.

Specimens were

mounted either anterior side up or posterior side up.

Once

mounted, specimens were coated with 30 nm gold using a
Hummer Sputter Coater.

Specimens were viewed with an ISI

DS-130 scanning electron microscope.
Hindguts were fixed in 4% formalin/1% glutaraldehyde in
.IM phosphate buffer (pH 7.3) with 4% sucrose for two hours,
washed in buffer, and dehydrated in a standard ethanol
series.

Whole hindguts were placed on a scanning electron

microscope stiib and carefully cut open to expose the inner
structures.

Transmission electron microscopy
Midguts and hindguts from workers freshly collected
from the field were dissected in cold fixative (4%
gluteraldehyde in O.IM cacodylate buffer with 4% sucrose; pH
7.2), tissue was removed and fixed for 2 hours at room
temperature or overnight at 4* C, post fixed for 1 hour in
1% osmium tetroxide, dehydrated in a standard ethanol series
ending in 100%, and then einbedded in EPON resin.
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Preliminary morphology was determined via thick sections (1
|im) cut using a diamond knife, stained with Toluidine Blue,
and viewed imder the light microscope.

Thin sections (60

nm) were cut with a diamond knife and collected on Formvar
coated copper grids. Grids were stained with uranyl acetate
and lead citrate and viewed under a H-500 transmission
electron microscope.
To help determine whether bacteria are truly acquired
from other adult ants in the colony through abdominal
trophallaxis, pupa were removed from the colony and allowed
to emerge on their own.

Hindguts were dissected in cold

fixative and prepared for electron microscopy as above.
Both pharate (pre-emergent) individuals and newly emerged
callows were examined.
To view the different types of resident bacteria within
the hindgut pouch, hindguts were dissected in cold 0.9% NaCl
and the contents dissociated into a drop of 1%
phosphotungstic acid.

The drop was then drawn up into a

sterilized pipette and deposited onto a Formvar/carbon
coated grid.

The drop was allowed to rest on the grid for

5-10 minutes and then excess moisture was carefully drawn
away using a piece of sterile filter paper leaving the
dissociated contents of the hindgut on the grid for viewing
under the transmission electron microscope.
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Results
Proventriculus:
The anterior (upper surface) of the proventriculus of
Z. rohweri is shaped much like the cap of a typical mushroom
(Fig. 4),

The structure is rigid, heavily sclerotized and

covered with dense clusters of spines.

The spines are

highly branched, have an arborescent quality, and continue
to line the interior of the small groove-like channels which
radiate from the center on the anterior surface.

Light

microscope views of the underside of the proventriculus of
acid-fuchsin stained specimens reveal that the grooves (9-15
Jim wide) lead to channels which collect and empty into the
midgut through the stomodeal valve (Fig. 5).

Proventriculi

from Z. christophersoni, Z. pallens, P. scabriuscuius, and
C. atratus reveal similar morphology (Figs. 6-9).

A cross

section of the proventriculus of C. atratus shows the
arborescent quality of the surface spines (Fig. 8).
In experiments where minor workers of Z. rohweri
were fed a mixture of different sized PMMA beads, none
larger than 12.5|im are unable to pass through the
proventriculus into the midgut (Table 3).

(n=3)
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Figure 4. Scanning electron micrograph of the anterior
surface of the proventriculus of Z. rohweri. Note the spinysurface and indentations indicative of the grooves which
lead to larger channels that empty into the midgut. Arrows
point to grooves. Bar = 60(Jin.

Figure 5. View of the underside of the proventriculus
stained with acid fucshin. The stain outlines the many
groove-like channels that collect and empty into the midgut.
Diameter .23 mm (or 230jim); channels are 9-15jiin wide.
Arrow points to the common channel leading to the midgut.
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Figure 6. Proventriculus of Cephalotes atratus, a member
of one of four genera in the tribe Cephalotini. Diameter
730|Jm. Bar = 113nm,
Figure 7. Proventriculus of Procryptocerus scahriuscuius,
a representative species from another cephalotine genus.
Diameter 196nm. Bar = 40^m.
Figure 8. Scanning electron micrograph of a cross section
of a Cephalotes atratus proventriculus. Note the
arrangement of the spine clusters giving the appearance of a
dense "forest". Bar = lO^un.
Figure 9. Proventriculus of Zacryptocerus pal1ens.
Diameter ISOpm. Bar = 150pm.
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Minor Worker
1
2

3

infra, buec.

gygp

midgut

33 .75^1
37.5H
37.5H

17.5M.
37.5^1

12.5|1
10|i

Table 3. Filtration capacity of the proventriculus of
Zacryptocerus rohweri. Each of the above minor workers were
fed a honey and water solution laced with PMMA beads (2.5 SOfx) and dissected after 2-3 hours. Numbers listed are the
sizes of the largest beads found in each of the infrabuccal
pocket, crop, and midgut.
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Midgut:
The general structure of the midgut of Z. rohweri
appears typical (Snodgrass 1935, Martoja and BallanDufran?ais 1984).

An epithelium comprised of columnar cells

is bounded by a thin band (1.5nm) of circular muscle with
outer bundles of longitudinal muscle. Interior to the
circular muscle, is the basement membrane.

Infoldings of

the basal plasma membrane create a labyrinth interspersed
with numerous mitochondria (Fig. 10).

At the lumen of the

midgut, many columnar cells form villi-like apical
extensions into the lumen.

Each of these extensions are

covered with microvilli (Fig. 11).

An unusual feature of

this midgut is the large numbers of bacteria present among
the microvilli in the posterior portions of the midgut (Fig.
12).

These bacteria are similar to the coccoid-like

bacterial morphotype seen in the hindgut (Figs. 21,22, and
23 - inset).

Hindgut:
The hindgut of Z. rohweri consists of a greatly
enlarged ileiim that is pale anteriorly, but becomes darker
as it tapers to a thin tube before entering the rectum.
When callows emerge, they have a fully developed hindcfut
pouch, but do not acquire the dark coloration in the
posterior region until several days after emergence.

The
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Figure 10. Transmission electron micrograph of the wall of
the midgut. Note the thin band (1.5pm) of circular muscle
(CM) as well as longitudinal muscle (LM). Infoldings of the
basal plasma membrane generate a lalsyrinth rich with
mitochondria (mt). BM, basement membrane. Bar = 2nin.
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Figure 11. Cross section through apical extensions of
midgut epithelial cells (MC). Note the striated borders
(microvilli). Bar = 2|im.
V1

Figure 12. Higher magnification of apical region of a
midgut epithelial cell showing large numbers of bacteria
amongst the microvilli. Note the wavy outer membrane of the
bacteria (arrrows). L, lumen. Bar = l^iin.
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hindgut epithelium is lined apically with a thin layer of
cuticle (intima) which is deeply enfolded giving the hindgut
a raisin-like appearance (Fig 13). Cross sections under the
light microscope (Fig. 14) show the invaginations of the
intima radiating from the outer wall of the hindgut into the
lumen leaving an open channel at the center. Longitudinal
sections of the hindgut reveal that the invaginations run
parallel to the length of the organ (Fig. 15).

Higher

magnifications of the hindgut wall show that it is strongly
muscled with an thick (5 pm) layer of circular muscle and
well developed longitudinal muscle (Fig 16). The epithelium
has numerous, highly convoluted septate junctions between
cells and contains many tracheoles (Fig. 17).

Large numbers

of bacteria are visible in the lumen (Figs. 16-19).
Scanning and transmission electron micrographs of the
interior of the hindgut do not show any sculpturing of the
intima in relation to bacterial attachment (Figs. 18 and
20).

Bacteria are often clumped in a thick viscous mass

which appears to adhere to the intima (Fig 18 and 19).
Figures 21 and 22 show examples of the three major
morphotypes of bacteria found in the hindgut of Z. rohweri:
1. long spirillum types with smooth cell walls and a grainy

cytoplasm; 2. short, thick rods with wavy outer membranes
and a grainy cytoplasm; and 3. smaller coccoid forms with
smoother cell walls and a uniform cytoplasm.

At higher

Figure 13. Scanning electron micrograph of the hindgut in
cross section showing invaginations of the intima (arrows).
Bar = 3Sum.
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Figure 14. Light microscope view of a cross section of the
hindgut. Note the highly convoluted, deep invaginations of
the intima (arrows). L, lumen.

Figure 15. View of a longitudinal section of the hindgut
showing that the invaginations (arrows) run parallel to the
length of the hindgut. L, lumen.
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Figure 16. Electron micrograph of wall of the hindgut
showing the general structure of the epithelium. Note the
wide band {5|jm) of circular muscle (CM), bundles of
longitudinal muscle(LM), and bacteria in the lumen. N,
nucleus; Large arrow, intima; Small arrows, bacteria. Bar =
5|im.
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O

e»

Figure 17. Low magnification of a deeply invaginated
portion of the hindgut. Note the large numbers of
tracheoles (t), septate jxinctions (s), areas with
concentrations of mitochondria (mt), and large nxambers of
luminal bacteria. L, lumen; N, nucleus. Bar = 5pin.
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Figure 18. Micrograph showing a portion of the invaginated
intima of the hindgut. Note the large clusters of bacteria
adhering to the intima and the mucous like material
surrounding the bacteria at these junctures (small arrows).
Also notice the invaginations of the cytoplasm in areas
where bacteria adhere (large arrows). L. lumen; N, nucleus.
Bar = 1.5|im.
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Figure 19. Another view of an invagination of the hindgut
showing a line of bacteria adhering to the intima.
Bar = 2|jiti.

Figure 20. Scanning electron
the hindgut with large nvunbers
the smooth inner lining of the
absence of special sculpturing
Bar = Sum.

micrograph of the lumen of
of bacteria present. Note
intima (arrow) showing the
for bacterial attachment.
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Figure 21. View of the hindgut lumen showing three major
morphotypes of bacteria: long (.2 x Spin) spirillum types
(s); short, fat rods (.5 x 3.3|iin) with wavy outer membranes,
and grainy cytoplasm (r); and coccoid forms
with
smoother cell walls and uniform cytoplasm (c). Bar = 1.5|Jm.
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Figure 22. Another view from the hindgut lumen showing a
cluster of bacteria held together by a mucous-like material.
Note the three major morphotypes of bacteria: spirillum
types (s); short rods (r); suad coccoid forms (c). Bar = l|im.
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magnifications, the spirillum forms appear to have a
flagellum, and pilli are visible extending from the short,
thick rods (Fig, 23).

Bacteria are often seen held together

by mucous-like material in the lumen (Fig. 22).

This same

material appears to be involved in the adherence of the
bacteria to the intima as well (Fig. 18).
Hindgut tissue from individuals removed from the colony
as pupae and allowed to emerge in isolation (i.e. not
allowed to engage in abdominal trophallaxis with other ants
in the colony) showed similar features to that described
above, however, no bacteria were present in the lumen.

Discussion
Proventriculus:
The morphology of the ant proventriculus is variable
and typically consists of a strongly muscled bulb lined with
a tough layer of cuticle and with a cross-shaped opening
that regulates the flow of food from the crop to the midgut.
The proventriculus of Z. rohweri and other cephalotines,
however, is so distinctive that it has been used as a
taxonomic character that defines the tribe Cephalotini
(Emery 1888, Kempf 1951).

The structure is heavily

sclerotized and covered with clusters of small spines.

A

striking feature is the apparent lack of any openings when
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Figure 23. Electron micrograph of the three major
bacterial morphotypes. Note pilli (small arrow) projecting
from the short rods (r) and a flagellum (large arrow) barelyvisible on the spirillum (s). Coccoid forms are shown in
the inset (c). Bar = l|im.
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looking at its anterior surface at low magnifications.
Closer inspection as well as staining of the structure,
however, reveal small (9-15 nin) spine-lined grooves that
allow passage of food particles of limited size.

In

experiments to test how well the proventriculus filters
food, I found that no particles larger than 12.5 nm passed
to the midgut for digestion.

This suggests that only liquid

and very small particles of food are able to pass through
the narrow channels of the proventriculus and into the
midgut.

Further, the rigidity of the structure would appear

to limit its ability to open and allow larger particles to
pass or to grind food in any way. Caetano and Cruz-Landim
(1985) report reduced musculature for the proventriculi of
Z. pusillus and C atratus supporting this assumption.
Ant species that collect large amounts of primarily
liquid food to feed their non-foraging nestmates and larvae
must store this food in their crops for long periods of
time.

A proventriculus that uses muscle contraction to

retain this liquid food would be irr^iractical for ants with
long journeys back to the nest. Thus, these ants have
developed proventricular structures that act as "passive"
dams reserving liquid food in an energy efficient manner
(Eisner 1957).

The proventriculus of Z. rohweri

appears to

be of this type. This is a unique feature of the tribe
Cephalotini since other iryrmicine genera, such as
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Pogonomyrmex, have a much reduced proventriculus that is
little more than a stomodeal valve with almost no filtering
capacity (Eisner 1957).
In behavioral observations of Z. rohweri, both in the
lab and in the field, these ants were only observed feeding
on liquids (with the exception of pollen, described below).
Creighton (1963, 1967) and Creighton and Nutting (1965) also
revealed a primarily liquid diet for Z. rohweri and Z.
texanus . Other researchers have shown the diet of C.
atratus includes not only liquid foods, but dead insect and
animal matter as well (Weber 1957, Com 1980).

Scanning

electron micrographs of C. atratus proventriculi reveal
smaller spine clusters as well as grooves and channels
measuring 12-45 ^im possibly allowing these cephalotine ants
to expand their diet to include larger food particles.
Studies on the behavior of Z. maculatus also report a diet
consisting of foods other than liquids (Adams 1990).

It

would be interesting to examine the structure of Z.
maculatus and other cephalotine proventriculi in relation to
their diet as micrographs of the four species presented in
this paper reveal that the morphology may reflect on their
feeding habits.
In personal observations, colonies of Z. rohweri were
fed hand collected pollen which they appeared to consvime
readily.

Creighton reported the same response to pollen in
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his studies of Z. rohweri and Z. texanus (1963, 1967,
Creighton and Nutting 1965).

Pollens used in this study

ranged in size from 17 to 55 pm in diameter.

Given the

filtration capacity of the proventriculus of Z. rohweri,
these ants should not able to digest the pollen whole.
However, ants were observed regurgitating infrabuccal
pellets packed with pollen grains onto the mouths of larvae
within the colony. Z. rohweri may be able to ingest some
larger food particles, such as pollen, and extract the
nutrients while these foods are within their infrabuccal
pellets.

In addition, these ants may be feeding larger food

particles to their larvae and receiving liquid nutrients in
return as suggested for Veromessor and Manica sp. by Went et
al. (1972).

Midgut:
The appearance of bacteria in the midgut is an unusual
feature in insects as enzyme activity in this region could
make it difficult for these organisms to survive.

Personal

observations on Z. rohweri and studies of other Cephalotine
species (Wheeler 1984, Wilson 1976) have shown that these
ants often engage in a behavior unique in ants, termed
abdominal trophallaxis, whereby ants (especially callows)
obtain material from the anal area of other ants in the
colony. It can be hypothesized that some of the material
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transferred is bacterial in nature as evidenced by the large
amounts of bacteria present in a specialized, enlarged
hindgut pouch.

If this is true, the presence of bacteria in

the midgut is unsurprising as bacteria would need to pass
through this organ on their way to the hindgut.
Ultrastructural studies by Caetano and Cruz-Landim (1985)
show similar bacteria present in the posterior region of the
midgut of C. atratus.

Breznak and Pankratz (1977) also

report bacteria among the midgut microvilli in
Reticulutermes flavipes.

Bignell et al. (1982) show similar

structures visible in the apical regions of midgut cells in
Cuhitermes severus , but refer to them as membrane-bound
secretory granules.

I believe, however, that the structures

seen amongst the microvilli in Z. rohweri are different as
they are never seen within the cytoplasm of the midgut
epithelial cells as in C. severus.

More studies need to be

done to determine how these bacteria survive the midgut
environment and what role they play, if any, in the
digestion and absorption taking place in this organ.

Hindgut:
In most insects, the hindgut consists of an
undifferentiated tube lined with cuticle leading to the
rectum.

The epithelium of the hindgut is generally thin and

muscles are poorly developed, except in the rectum (Chapman
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1975).

The hindgut of Z. rohweri, however, shows a very-

unique, specialized structure consisting of an enlarged
darkened ileum that is paler and wider at its anterior end
and then tapers to a thin tube before entering the rectiom.
A comparative study of the morphology of ant digestive
tracts performed by Caetano (1984), also showed this xmique
type of hindgut in two other Cephalotines species, Z.
clypeatus and C. atratus.

I was unable to determine the

origin or composition of the dark material within the tissue
of the posterior hindgut.

However, I was able to observe

that newly emerged callows, although having a fully
developed hindgut pouch, do not acquire the dark coloration
for several days. In their studies of C. atratus and Z.
pusillus, Yurman and Dominguez-Bello (1993) suggest that the
dark coloration of the posterior portion of the hindgut
could be due to the high concentration of sulfate-reducing
bacteria found in this organ and the resulting accumulation
of ferric sulfide in the surrounding tissue.
Another unusual feature of the hindgut (visible in all
examinations of this organ) is the deep infoldings of the
cuticular lining (intima) towards the lumen. This feature,
along with thick bands of circular muscle and large
longitudinal muscle fibers, suggest a greatly increased
surface area for absorption and the ability of this organ to
expand and contract and thus manipulate food for perhaps
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better digestion.

Ultrastructural studies reveal large

numbers of tracheoles infiltrating the tissue as well as
prevalent mitochondria especially at some of the apical
areas of the epithelial cells.

All of these features are

indicative of a very active hindgut with high metabolic
demands.

Numerous bacteria are present in the lumen and in

thick masses along the intima in some areas. In some
regions of the cytoplasm located along the infoldings of the
intima, numerous infoldings of the cytoplasm are dilated to
form substantial extracellular spaces possibly indicating
absorption in these areas.

A number of physiological

studies of various insects have suggested an absorptive role
for the hindcfut (Bignell 1980).
I observed three major morphotypes of bacteria present
in the hindgut.

Newly emerged individuals appear to acquire

these microorganisms by soliciting material from the abdomen
tip of other older workers in the colony.

The spirillum

types and short rods show a cell wall structure consistent
with gram-negative bacteria.

It is interesting to note that

these are similar to some of the morphotypes described by
Breznak and Pankratz (1977) in R. flavipes and C,
formosanus.

No apparent intimal structures were found for

bacterial attachment as has been seen in termites and
roaches (Foglesong et al. 1975, Breznak and Pankratz 1977).
In Z. rohweri, bacteria associated with the intima appeared
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to attach via a mucous-like material.

Higher magnification

of the short rods revealed pilli-like extensions which may
be used for attachment in this type.

A recent study by

Brune, Emerson, and Breznak (1995) reveals an o>!ygen
gradient within the hindgut pouch of both lower and higher
termites.

This gradient may be present in the hindgut of Z.

rohweri and would suggest that some of the bacteria present
in the hindgut may not be strict anaerobes.
Bacteria lined up in rows along the hindgut intima
(Fig. 16) suggest they could be receiving material from the
hindgut tissue. No other function of these bacteria is
known.

Whether or not they are true symbionts has yet to be

determined; their acquisition and presence suggests that
bacteria may supplement the ants' limited, liquid diet by
supplying essential amino acids and other nutrients.
In conclusion, the proventriculus of Z. rohweri and
other Cephalotines is a structure that acts as a fine filter
of food particles.

It appears that the adults are only able

to utilize liquid food, although some species have been
observed feeding on pollen and other solid foods. It may be
that these ants are able to ingest these foods and extract
the liquid material within their infrabuccal cavity and or
crop. The function of the specialization of the hindgut is
still untested, but electron micrographs have shown a couple
of inportant features.

The large circular muscle band and
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the deep infoldings of the epithelium lend evidence for
movement of the hindgut. This may be important for the
mixing and digestion of food by the large concentrations of
bacteria.

Perhaps these ants, with a limited liquid diet

comprised primarily of sugars and carbohydrates need the
bacteria to complete their diet.

Further study of the diet

of these ants along with manipulation of the bacterial flora
is needed in order to fully determine their role.
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