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Seed harvesting by ants in forests of Eucalyptus regnans
F. Muell. in central Victoria
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Abstract

In an unbumt, mature forest the germi-
nation of E. regnans on undisturbed bare
ground is very poor in spite of adequate seed
fall, and the presence of conditions suitable
for germination over much of the year. No
seed storage occurs in the top soil in spite of
some temporary seed dormancy and the dis-
turbance of the surface soil by earthworms
and lyre birds. Seed is removed from the top
soil by several ant species — Prolasius paUidus,
P, brunneus, P, flavicomis and Chelaner
leae — and is taken into nests. Removal of
seed is more rapid and complete in summer
than winter and is more vigorous in young
forest than old. Observations on artificial
nests in the field and laboratory indicate that
seed is eaten and not stored for any length of
time. The testae may be left intact, fragmented
or moulded into crumbs with other material.
Certain sugar-like substances, which are
extractable in low concentrations from fresh
seed, may be involved in the attractivity of
seed to ants. The numbers of ant species in
the forests vary with the micro-climate of the
site, and in the mature understorey of Poma-
derris aspera the activities of the three domi-
nant species Mdomyrmex biconvexus, Prolasius
pallidus and P, hrunneus are largely separated
diumally, seasonally, and spatially in the
foraging areas of the litter layer. The density
of the nests of seed-harvesting ants is high,
particularly in bare areas of the forest floor.
The total number of ants probably exceed
5-6 million/ha and is probably sufficient to
effectively remove 60% of the sporadic seed
fall of normal years. It is suggested that the

success of germination of E, regnans after
wild fires is not due to any specific stimulation
but rather to a temporary interference of ant
foraging activity and then to the saturation of
their food requirements by a massive seed fall
from canopy-stored capsules.

Introduction

Early studies on the regeneration of Eucalyptus
regnans in the absence of fire at Wallaby
Creek, (altitude 675 m, lat. 37°24'S, long.
145° 12'E) indicated that, although seed-fall
in the mature forest was plentiful, germination
on moist receptive seed beds was meagre
(D.H. Ashton unpublished results). The fate
of seed falling to the forest floor was studied
at the instigation of Dr A.S. Watt and became
part of a long-term study of the biology of
this forest. Nomenclature of vascular plants
follows that of Willis (1970, 1972).

Seed fall and germination

The annual seed-fall under a mature forest
canopy over a 'green fire-break' was estimated
at Wallaby Creek in 1951. Seed falling into
three suspended canvas traps (each 3 x 4 m),
was counted and tested for viability each 6
weeks during the year. The annual seed fall in
this area was estimated to be between 200 000
and 250 000 fertile seed per ha at a time of
good capsule storage in the canopy (Ashton
1975a). The bulk of seed in that year fell in
the summer and autumn (Fig. 1). This quantity
was comparable with that measured by
Cunningham (1960) at Ada River although
the seasonal distribution in that area varied
with stands and the years of measurement. In
the Wallaby Creek site the germination counted
on bare soil in the vicinity of the traps was
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FIG 1. The annual seed fall in 19S1 of E, regnans at Wallaby Creek, in relation to mean air temperature
and occurrence of dominant ant species.

equivalent to only 1480/ha, per year, 0.4—
0.7% of that possible.

It was evident that there had been sub-
stantial losses of seed and/or serious deterio-
ration of germination capacity. Germination
studies at constant temperatures in the
laboratory indicated that the conditions suit-
able for the germination of E. regnans may be
found in the forest environment over much of
the year. In the laboratory the optimal tem-
perature for the germination of seed from
Wallaby Creek ranged between 16 and 24°C.

Germination is merely delayed at 7 C but is
definitely impaired at 33°C. If seed is heated
excessively as on a soil surface exposed to
full sun in summer, a condition of secondary
dormancy may be induced which is broken
only by a long spell of cold treatment
(Cunningham 1960). Between one half and
three quarters of Wallaby Creek seed requires
some light for germination when temperatures
exceed about 17-18°C (Fig. 2). The question
of light requirements for germination of
eucalypt seed was described by Clifford (1953)
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FIG 2. Light dependence of the germination of E, regnans seed under laboratory conditions in relation
to two levels of fluctuating temperatures. In another experiment, seed in the dark germinated when
laboratory temperatures decreased below 17-18°C. Key: *, S-10°C initial dark for 78 days; X , S-10°C
light; •, 20-2S°C initial dark for 78 days; o, 2O-25°C light.
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and discussed in detail by Grose & Zimmer
(1957). Thus germination in the Wallaby
Creek foiest area may be expected in moist
summers or in the cooler months of the year,
especially if the seed has been buried by the
activities of earthworms and lyre-birds (Ashton
1975b).

The question of soil stored seed

The small food reserve in E. regnans seed pre-
cludes any survival from burial greater than
5 cm (Fig. 3). Cremer (1965a) showed that
most ungerminated seed buried at similar

2 3 4
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FIG 3. Emergence of E. regnans seedlings 24 days
after having been buried at various depths in Kras-
nozem soil in the greenhouse in winter 1956. The
weight of seed sown in each treatment was 3.54 g.

depths died within 14 months. Almost every
species from the E. regnans consociation may
be germinated from soil which is exposed to
warm, fluctuating temperatures in the field or
glasshouse. E. regnans however has only been
germinated from the uppermost centimetre.
This has been shown repeatedly in glasshouse
experiments with carefully excavated soil
layers. The numbers of seedlings germinating
from soil is large and ranges between 135 and
580/m^; between one half and one third are
those of shrubs and trees (Carroll & Ashton
1965). A typical expression of certain species
in soil-germination in a glasshouse is illus-
trated in Fig. 4 where increased numbers
resulting from disturbance may reduce light
requirements of certain buried seed (Sauer &
Struik 1964). The expression of germination
of seed in the soil may be enhanced by
experimental fire and cold treatments (Table
1). Long-sustained germination experiments
on E. regnans in the laboratory at 24°C, indi-
cated that the great majority of seed germi-
nated within 3 weeks but a few percent con-
tinued to germinate for up to 2V'2 years. The
pricking of the testae of such residual seeds
caused their germination shortly afterwards.
This suggests that a degree of 'hard' seededness
exists which may be due to an unyielding
inner integument as has been suggested by
Bachelard (1967) for other renantherous
species.
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FIG 4. Soil-seed germination of three understorey species in the glasshouse with and without disturbance
by sieving of the soil. An additional experiment in 1978 showed that soil sieving increased the germi-
nation of Solanum aviculate 5.4 times. •, Pomadenis aspera (sieved soil); o, Pomaderris aspera (intact
soil; Â  Solanum aviculare (sieved soil); ^, Solanum aviculare (intact soil); n, Cardamine dictyosperma
(sieved soil); •, Cardamine dictyosperma (intact soil).
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TABLE 1, The effect of low temperature and fire treatments on germination of soil-stored seed from
the mature Pomaderris aspera understorey, 3rd Dec, 19S7, Numbers expressed per m^ as fraction:
0-2,5 cm/2,5-5,0 cm depth.

Species

Pomaderris aspera
Prostanthera lasianthos
Acacia dealbata
Cassinia aculeata

Solarium aviculare
Hydrocotyle hirta
Cardamine dictyosperma
Grass spp.
Australina muelleri
Senecio vagus
(+ miscellaneous)

Total woody spp.
Total herbaceous spp.
Grand total

in cool

greenhouse

14/0
14/0
—

—

—
27/41
—
—
—

28/0
27/41
S5/41

In hot
/Y1 O fi f* n ^ \ IIP A

giBssnousc

82/0
41/41

—

—

0/41
55/0

—
—
27/41
0/14

123/41
123/110
246/151

Outside

No treatment

41/55
27/0

—
14/0

0/14
41/14

—
41/41

—
—

82/55
110/96
192/151

Cold (2°C
— 2 weeks)

68/14

14/0
0/14

—

41/0
27/14
27/27
96/14

—
27/14

82/27
280/69
302/96

Fire

342/110

—
—
—

—

27/27
41/14
27/27

—
—

356/110
124/68
480/178

Fire then
cold for
2 weeks

288/68
—
—
—

—

—

27/41
—
—
—

288/68
123/55
411/123

Thus, although some soil storage of E.
regnans seed may be expected, none can be
demonstrated. It seemed, therefore, that most
seeds of E. regnans under forest conditions are
destroyed or harvested before the opportunity
is afforded for germination or the incorpor-
ation of any 'hard' seed into the top soil.

The rate of disappearance of E, regnans seed
from the soil surface

Because of the fineness of E. regnans seed
(1—2 mm long) and the coarseness of the
surface-soil crumbs (1-5 mm diameter) it was

necessary to prepare sites carefully for obser-
vation. To this extent the interpretation of the
data is restricted. Soil over an area 30 x 15 cm
was bared of litter and compacted by foot.
Ten smoothed thumbprints were made and
five plump, potentially fertile E. regnans seeds
were placed in each and the whole site covered
by a board suspended 4—5 cm above. Under
these conditions seed could be easily re-
located and disturbance from larger animals
and rain-splash was minimized. Between five
and ten replicated sites were set up in different
stands of E. regnans, scrub or bracken at
various times between 1952 and 1957.

FIG 5, Removal of seed from soil in summer and winter in the mature Pomaderris aspera understorey
of the mature E. regnans forest, Wallaby Creek, o, mid-summer; X, mid-winter.
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The results showed that seed disappeared
within one week of exposure and that most of
those with embryos were removed within 3
weeks (Fig. 5). Thus in dry periods of summer
and in cold periods of winter, seed may be
removed before opportunity is afforded for
germination. In the mature forest the per-
centage removal of seed per 14 days in the
warmer months (November—April) tends to
be between 60-90% whereas that in the
cooler months remains at 40-50% (Fig. 6).
The rate of removal appears to be related to
both soil temperature at 2 cm and air tem-

perature measured at a standard height of
1 m above ground. The removal of seed from
soil in the warmer, better illuminated, younger
forests is invariably more rapid and more
complete than in the mature Pomaderris
aspera understorey of the mature forest
(Fig. 7).

In the mature understorey in July 1953
six lots of twenty seeds were placed on the
bare soil and four were covered firmly with
petri-dish lids. The pale yellow-tan coloured
ant, Prolasius pallidus Clark (Formicinae), re-
opened nest entrances adjacent to the exposed

.+ 15 °C
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FIG 6. Seasonal fluctuation of rate of seed removal/2 weeks in relation to temperature in the same
forest as in Fig. S. +, maximum air f: X, min air f; — , soil fat 2 cm.
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FIG 7. Comparative seed removal from a number of forest stands and bracken land at Wallaby Creek,
during summer. +, pole stage E. regnans (30 yr): X, spar stage E. regnans (SO yr); o, mature E. regnans
(200 yr); *, bracken 20 m from forest; •, bracken 200 m from forest.

18
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seed and under two of the petri-dishes. In one
week the percentage removed in the open
was 37.5%, that under the invaded petri-dishes
17.5%, that under the intact petri-dishes 0%.
In two weeks these values were 40.0, 32.5 and
0% respectively. No germination of remaining
seed occurred until four weeks afterwards.

Following advice from Dr W.L. Brown Jr.
observations of seed were continued after
dark. On May 16, 1953, two sites in a spar
stage stand at Kallista in the Dandenong
Ranges were observed with weak torchlight,
24 h after baiting with seed. In one hour seven
seeds were investigated or carried away by
two species of ant, Prolasius pallidus and a
smaller dark brown species,Proto/M brunneus
Clark. Although these ants initially 'froze'
under the impact of sudden light or noise,
their normal activity was rapidly resumed.
Viable seed was selected by P. pallidus workers
and carried to or into the nest entrances
beneath litter 5-8 cm away. In late summer
at Wallaby Creek, occasional E. regnans seeds
or the remains of their testae were found in
two of the three nests of P. pallidus exposed
by the quick removal of protecting slabs of
granodiorite. Seed of Pomaderris aspera was
also found in one nest.

The efficiency of foraging from nest
entrances was studied in the mature under-
storey of Pomaderris aspera by clearing and
smoothing about 2 m^ of the forest floor.
When disturbed nest entrances of P. pallidus
were re-opened, baits of seed were placed at
different distances from them along four
cardinal directions. The results (Fig. 8)
indicate that seed removal is rapid and fairly
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n o 8. Seed removal in proximity to nest entrances
in mature Pomaderris aspera understorey after seed
baits placed February 11, 195 6. X, 4 days; o, 24 days.

complete up to 30-40 cm from the nest. In
this trial no other nests of seed-collecting ants
were in the vicinity. Observations of the move-
ments of workers of P. pallidus indicate that
their foraging behaviour is intricate and very
thorough over a radius of 24 cm from the nest
and sporadic up to 75 cm.

A small brown, hairy and slow-moving ant,
Chelaner leae Forel (Myrmicinae), has been
observed taking seed from bait sites during the
day in summer. Seeds of E. regnans and
Pomaderris aspera have been found in its nests
under bryophyte mats of Wijkia extenuata
Crum and Lepidozia ulothrix (Schwaegr) G.L.
and N, on E. regnans logs and in fallen
branches. This ant species has been observed
eating the embryo of E. regnans seed in situ
on the soil surface in late summer. In these
instances a hole had been chiselled into the
hilum end of the seed and fragments of food
were heaped outside the seed.

Nowhere in the wet E. regnans forest were
caches of seeds found in ant galleries. The
seed found was always in ones or twos. This
contrasts with the caches of 20-30 seeds of
eucalypts found in the galleries of Rhytido-
ponera victoriae: E. Andre (Ponerinae) and
related species in the drier and warmer mixed-
forests of E. obliqua-E. radiata at Kinglake
(Gill 1966), in E. obliqua-E. macrorhyncha
in the Brisbane Ranges, and in E. sieberi-E.
globoidea forests in East Gippsland and in the
AustraUan Capital Territory (Berg 1975).

It seems probable that the lack of seed
storage in ant nests in the wet forests is related
to the more continuously favourable con-
ditions for germination. Since most galleries
are deeper than 2 cm it is unlikely that
germinating seed in such positions would
survive. Although seed removal does not
automatically signify seed destruction, it
corroborates evidence of poor field germi-
nation of exposed seed.

The populations of ants in the E. regnans
forests

Since ants were heavily implicated in the
seed removal in the E. regnans forests it was
necessary to discover the distribution and
population density of harvesters. Field work
in February 1955 indicated that a distinct
ant-fauna could be associated with different
E. regnans and nearby vegetation. Thus in tiie
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soil of the wet, cool mature forests with the
mature Pomaderris aspera understorey, P.
pallidus was 'dominant' and P. brunneus
Clark 'sub-dominant'. In the mature forest
Prolasius flavicornis Clark was occasionally
found. In the drier, denser, pole forests, P. palli-
dus was absent except on the cooler aspects and
near guUies. The dominant ants in the soil in
these forests, especially on ridges, were P.
brunneus and P. flavicomis. Similarly the ant
fauna of the fire-induced bracken areas in the
E. regnans forest belt is markedly different
from the denser forests and contains the
latter Prolasius species together with species
of Iridomyrmex (Dolichoderinae) and the
jumping bull-ants, Myrmecia forficata (Fab-
ricius) and Af. pilulosa (Smith) (Myrmeciinae).

The multiple nest-openings of the Prolasius
species under litter are inconspicuous and are
often blocked during the daytime. Therefore
in order to estimate ant densities it was
necessary to dig carefully over quadrats 3 m
square to a depth of 20 cm and chart the
positions of ant concentrations, broods and
queens. The floor of the mature forest is a
mosaic of fern patches. On south and east
slopes, Polystichum proliferum is abundant in
80-100% of the area, on ridge tops bare litter
predominates — on level ground about half
the forest floor is bare litter and the remaining
area made up of pure or mixed patches of
Polystichum proliferum and Blechnum pro-
cerum. The fern stratum has a profound

effect on the light intensity and microclimate
at the ground surface. Temporary establish-
ment of E. regnans is possible when the under-
storey is removed provided that the fern
stratum is also absent. It was decided there-
fore to sample ant populations randomly in
either bare areas or ferny patches. This was
done in the warmer months of the year when
colonies were often within 10—15 cm of the
surface. In the winter these species are located
with difficulty at depths of 20—30 cm.

Typical patterns of nests in bare and ferny
areas are shown in Fig. 9. The density of ant
nests in bare areas is 2.1 per m^ and is one
and a half times greater than that in fern sites
(Table 2). 55% of ant nests are those of
Prolasius pallidus. Thirty-five percent of the
nests are those of P. brunneus, whilst those of
P. flavicornis are only found occasionally.
Visual inspection of mapped quadrats in bare
areas suggested that colonies of the different
species of Prolasius were distributed inde-
pendently of each other. However, within each
species, colonies tended to be equidistant.
The variance to mean ratio for colonies of
P. pallidus per m^ on bare areas was 0.34, and
since, for this test, f = 2.70 (d.f. = 44), this
underdispersion is statistically significant
P< 0.01. The variance to mean ratio for P.
brunneus was 0.67, a value not significantly
different from random at this level of colony
density. Fighting between members of P.
pallidus in the field is taken as evidence that
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FIG 9. Charts of ant concentrations in mature forest, in bare and ferny patches. Nest sites were indi-
cated by position of queens and cocoons, o, p, pallidus: • , P, flavicomus; •, P, bninneus; +, C leae.
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TABLE 2, Densities of ant colonies per m' in mature Pomaderris aspera under-
storey, Wallaby Creek. Standard deviation indicated within brackets.

Species

Prolasius pallidus
P. bninneus
P. flavicornis
Cheianer leae
Discothyrea sp.

Total

Bare floor

per m^

1,15'^
0,73^
0.06
0.09
0.02

2.08^

(s.d.)

(0.18)
(0.52)

(0.12)

(0.81)

Total (%)

55.4
35.1

3.2
5.3
1.0

Ferny

per m

0.39^
0.19
0.05

1.38^

patches

' (s.d.)

(0.17)
(0.21)

(0.26)

Total (%)

53.7
28.2
14.2
3.9

A, B, difference significant at P < 0.05.
C, f = 2 . 5 7 , ^ . ( , 5 = 2 . 5 1

the even spacing of colonies is a result of
territorial antagonisms.

Although Cheianer leae is an important
harvester of seed, and its workers are widely
distributed in the forest, its nests make up
only 4.3% of the total.

The numbers of P. pallidus per nest varies
greatly, numbers from 200 to 1470 being
recorded. The average of 4 counts is 530 and
on this basis the number per ha of forest
floor would be of the order of 5 million. The
nests of this dominant species contain from
one to fourteen queens and up to 120 cocoons.
Cultivated mealy bugs are frequently found
on woody roots encompassed by their galleries.
The densities of P. brunneus tend to be
slightly less than that of P. pallidus, whilst
the numbers of Cheianer leae range from
20 to 50 per nest. The total population of
all seed-harvesting ant species could exceed
6—7 million/ha. Thus, although the diversity
of ants in the cool wet forests is low, the
number of individuals is very great.

A msXodoroxxsdLni,Iridomyrmex biconvexus
Santschi, is active in the E. regnans forests in
the warmer months of the year from October
to May. This species nests in abandoned
termitaria in trunks and major branches of
trees of E. regnans. It forms long foraging-
trails up trees, shrubs, ferns and over litter and
soil for unbroken distances of as much as
24 m. As far as can be ascertained this species
does not collect seed of E. regnans and appears
to be primarily a carnivore and scavenger with
a predilection for sugars.

The activity of ants in the E. xtgnans forests

General observation indicated that there was
considerable diurnal and seasonal variation in

ant activity in the E. regnans forest. Irido-
myrmex biconvexus, for instance, is absent
in winter and its activity is much reduced in
the rest of the year on cool, cloudy or rainy
days. The activity of ants on the floor of the
mature forest beneath the old understorey of
Pomaderris aspera was studied on a hot,
sunny day in February 1956 and on a cool
day with drizzUng rain a few days later.
Between ten and fifteen sites were selected in
bare areas of the forest floor. At each site
litter was removed from two plots, 10x15 cm,
and, on one, a board of similar area was
placed so that its upper surface was con-
tinuous with the adjacent litter layer. At
intervals of 2 hours from 6 am to 10 pm, ants
on these plots were counted. After dark, this
was done with the aid of weak torchlight. The
results of the pooled counts of all sites is
illustrated in Fig, 10 for the sunny day. The
outstanding feature is the diurnal separation
of activity of the three most abundant species.

Iridomyrmex biconvexus activity rises
during the day with the rise of air temperature
above 18°C, Prolasius brunneus activity rises
to a pronounced peak in late afternoon and
dusk, and P. pallidus reaches its peak of
activity toward midnight or the early hours
of the morning. The diurnal separation of
the two congeneric species on the same site
is of great interest. Both Prolasius species
were observed collecting Collembola, beetle
larvae, isopods and amphipods. Both species
have been observed tending root-feeding
mealy bugs in their nests, presumably for the
purposes of honey-dew collection. Both
species collect seed. Their separation in time
in the same spatial niche is therefore in
accordance with Gaussian principles.
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FIG 10. Pooled counts of ant activity at different times of day and night (sunny day) in mature P,
aspera understorey. Wallaby Creek in late summer. X, P. brunneus; o, p. pallidus; *, Iridomyrmex bi-
convexus; • , Chelaner leae.

The activity of ants on cooi days and in
reiation to position on the forest floor is
summarized in Table 3. These results suggest
that these species are aiso separated by their
foraging position. On the warm, sunny day
Prolasius pallidus tended to forage on the soil
under the board, and P. brunneus and /.
biconvexus were found on top of the board
and on open soil. On the cloudy day, /.
biconvexus was virtually absent and P. brun-
neus was found chiefly on the open soil. The
sudden clearing of low cloud on a summer day
can result in a rapid rise of temperature and
consequent flurry of activity of/. biconvexus.

Under these conditions workers of P. pallidus
can be found in conflict with those of /.
biconvexus and, usually, the former species
is carried off. On dull days or near evening,
the outcome of this conflict is reversed. An
intriguing possibility exists that during the
period of the year when these two species are
competing for insects, seed-fall provides an
additional source of food for one of them.
During this period the two species are normally
separated by both foraging time and foraging
position on the forest floor. In the constantly
cool days of winter (ca. 4°C) some P, pallidus
may be found foraging slowly at any time
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TABLE 3. Average ant densities (ants active/m') in -different microhabitats in mature
Pomaderris aspera understorey of mature E. regnans forest 9 am to 9 pm February 1956
(10-15) sites each of 25 X 15 cm).

Sunny day: (max t = 23,3°C)
Prolasius pallidus
P. brunneus
P, flavicornis
Iridomyrmex biconvexus
Cheianer leae
Total harvesters:
Total ants:

Cloudy day: (max t = 14,4°C)
Prolasius pallidus
P. brunneus
P. flavicornis
Iridomyrmex biconvexus
Cheianer leae
Total harvesters:
Total ants:

'Litter layer'
on board

0

19.4
0

13.3
0.2

19.6
32.9

2.2
4.2
0
0
1.0
7.4
7.4

On soil
under board

28,6
9,3
0,4
0.2
2.2

40.7
40.5

32,6
6.0
0.4
0
0

39.0
39.0

Bare soil

6.1

16.2
0

11.5
0.9

23.2
34,7

1.9

34,2
0
1.9
0.5
6.6

38.5

Total counts

34,7
45.0

0.4

25.0
3,3

83.4
108.4

36.7
44.4

0,4
1.9
1.5

83.0
84.9

during the day. Under these conditions /.
biconvexus is completely dormant.

The harvesting of seed is likely to be
affected by the supply of other foodstuffs
The placement of readily available protein
and carbohydrate supplies near caches of
seeds tended to reduce the rate of removal of
such seeds. Therefore factors affecting total
insect and crustacean populations (including
those of mealy bug and aphid infestations)
could be important in the survival of seed in
the pre-germination period.

Experimentation with captive colonies
Colonies of three Prolasius species and Che-
ianer leae were captured with an aspirator
device in the Wallaby Creek forests and
studied in nests of plaster of Paris. The con-
struction of a glass-fronted model for field
use (15 X 20 cm) was based on the structure
of excavated nests of P. pallidus. Accurate
casts of nests, using latex proved to be im-
practicable due to the porous structure of
the loamy soil. Nests for laboratory study
consisted of a darkened brood chamber and
an illuminated foraging area — both of which
were covered with glass.

In the field experiment in mid-December
1954 the captured colony oi P. pallidus con-
sisting of 100 workers, three queens and
twenty larvae was replaced in the soil at its

point of capture, thus maintaining the correct
territorial relationships with neighbouring
colonies. Seeds of E. regnans were placed
within 2—3 cm of the entrances and foraging
commenced within a short time over a distance
of 25-30 cm. The nest was lifted and in-
spected every 7 to 10 days. Seeds were
observed in different galleries at various
times over 2 months. When the colony en-
larged the entrances and escaped, testa frag-
ments were found in some galleries together
with some germinated seed.

In the laboratory, captive colonies were
studied in the autumn of 1955-56, Vari-
ation in response was evident although all
species took seeds into the brood chamber
after several days. All three colonies of P.
pallidus and Cheianer leae collected E. regnans
seed; two of the three colonies of P. brunneus
and P. flavicornis were observed to do so. The
activity of the colonies declined after some
weeks or months, and at that stage seed
gathering was at a standstill. Mould attack by
Cunninghamella sp, was a frequent problem.
Ants were given occasional insect food (eg.
silverfish, cockroaches) or amphipods to
supplement the seed diet, and seed was taken
most avidly when easily soluble food was in
short supply. In the nests of three species of
Prolasius, fragments of E. regnans testae
could be identified by staining the lignified
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stone cells with phloroglucin and hydro-
chloric acid. In some cases, seeds were found
nibbled at the hilum or on the side; in one
case the testa had been torn, in another the
testa had been completely removed. Seeds
were often hollowed out from the hUum end.
In two tests, freshly fallen seed appeared to
be more attractive to P, pallidus and C. leae
than that 3-years old.

A common finding was the disappearance
of up to 70% of the seeds offered. Since there
is nowhere for seed to be hidden in a closed
nest the whole of it must be eaten under
these conditions. It must be considered as at
least supporting evidence of seed destruction
by these species.

In April 1955 a colony of P. pallidus fed
with E. regnans seeds was found excitedly
palpating small pale-brownish crumbs, 2—3
mm in diameter. It was difficult to separate
such pieces from the cluster of workers. The
crumbs were found to consist of bacteria,
yeasts and fungal hyphae. Amongst the mass
were unidentifiable fibres, and fragments of
stone cells from the Eucalyptus testa. This
material, obviously of great interest to the
ants, may have been a fermented paste used in
the feeding process. Such 'ant crumbs' have
been observed by Neger (quoted in Bequaert
1921-22) fox Messor barbatus. Chelaner leae
readily collected E. regnans seed and were
observed feeding the oily embryo to larvae in
the brood chamber.

Alternative food sources were offered to
the colonies on a number of occasions. The
results indicated that the three species of
Prolasius accepted wheat embryos, crushed
maize, and pieces of Unseed. In addition, P.
flavicornis and P. brunneus removed small
pieces of spaghetti. These results suggest that
these species have cathohc tastes and that
seed reserves are used as a food source, at
least under these conditions.

The seed harvesting habit

Observations in the field indicate that at least
P. pallidus and C. leae have the ability to
distinguish fertile E. regnans seed from chaff.
The reasons for collection of seeds by ants are
likely to be complex. Seeds with myrmeco-
chorous appendages are readily collected by a
wide variety of ants, not for the seed contents
but for the food content of the aril or car-

uncle which is swollen to form an elaiosome.
Pomaderris aspera seed are furnished with a
large crested elaiosome which no doubt
accounts for the presence of this seed in ant
nests. Acacia dealbata possesses a swollen oil-
bearing funicle. Seventy-three percent of
Acacia seeds were removed during 2 weeks
exposure on the floor of the mature forest.
All of those remaining had their funicles
removed. The nibbling and removal of the
elaiosomes of A. dealbata seeds were observed
in captive nests of P. pallidus and P. brunneus
in spring 1977.

The myrmecochory of Australian plants —
particularly woody plants - is considered by
Berg (1975) to be well developed compared
with that of other countries. E. regnans does
not possess any visible elaiosome and all the
observations to date indicate that the seed is
in fact collected for the food stored in its
embryo.

It was suggested by Dr W.L. Brown Jr
(personal communication) that E. regnans
seed may secrete substances which are stimu-
latory to the Prolasius spp. From the work
of Gauba & Pryor (1958) on the anatomy of
the renantherous seed possible sources of
attractant material are the non-lignified and
non-suberized hilum, the micropylar canal
which is filled with a red-brown material, or
the protein-rich remnants of the endosperm
in the micropylar region. The embryo itself
is encased in suberized cuticle. The attack of
E. regnans seed by ants frequently begins at
the softer hilum end and continues until
nothing is left but a hollow 'shell' (Fig. 11).
Pieces of excised hilum were collected by P.
pallidus but not by P, brunneus under labora-
tory conditions.

The presence of sugars and amino acids on
the seed surfaces was investigated by Dr
Adrienne Clarke, Botany School, Melbourne
University. Samples of potentially fertile seed
(200 individuals weighing 0.19 g) and chaff
(200 individuals weighing 0.16 g) were each
washed for 2 min in 5 ml of distilled water at
4°C. The seeds and chaff were immediately
filtered from the surface extract and re-
extracted with 0.01 M acetic acid under the
same conditions. Samples (1 ml) of the
extracts were freeze dried, reconstituted in
distilled water and applied to paper chromato-
grams. Chromatograms were run in ethyl-
acetate: pyridine : water (8:2:1) and stained
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FIG 11. The mode of attack of Prolasius brunneus
on 'fat' seed of E. regnans. The position of the
hilum is shown in the intact seed on the left-hand
side.

for reducing sugars with alkaline silver nitrate;
and in butanol: acetic acid: water (4:1:5) and
stained for amino acids with ninhydrin.
Reducing sugars running as glucose and man-
nose were present in both the fertile seed and
the chaff; in addition a fast moving reducing
substance (i?g = 3.0) was found in high con-
centrations in the aqueous extracts of the
fertile seeds only. Washing seeds in dilute
acetic acid after the aqueous wash released
trace amounts of a reducing sugar running as
glucose from both the fertile seed and chaff,
and higher concentrations of a reducing sub-
stance running as galactose. No amino acids
were detected in either the aqueous or acid
washes of the fertile seed or chaff.

In artificial nests, glucose was readily
eaten by P, pallidus and P, brunneus., but
mannose and galactose were investigated only
occasionally. According to Dethier & Rhoades
(1954) insects are likely to vary considerably
in their acceptance of carbohydrates. It
seems likely that substances stimulating the
seed harvesting activity of ants may be volatile
compounds. This field of research has not been
pursued further.

Discussion and conclusions

Since the work of Jacobs (1955) much
interest has centred on the biological activity
of eucalypt forests in terms of their growth
and regeneration. In Australia, ants have been
implicated in seed losses from the time of

Swain (1924) in forest, woodland and heath.
In agriculture, references to ant harvesters of
seeds have been noted in the tobacco industry
and in cereal crops. Such activities captured
the attention of the ancients from biblical
times (Wheeler 1910). More recently myrme-
cologists have stressed the difference between
strict harvesters which consume the contents
of the seed and the ants which collect seed for
their external appendages. In the latter case
the seed is not destroyed but is assisted in its
dispersal. The ants may possibly bury it in a
position more favourable for germination and
establishment (Berg 1975). However Wheeler
(1910) has pointed out a wide latitude of
behaviour amongst ants of stereo-typed
activities.

In the E, regnans forests below 700-800 m
altitude in Central Victoria, it is clear that
seed harvesting by the indigenous ant popu-
lation is an important facet of the regeneration
of this species in the absence of fire. Based on
the rates of seed removal and seed fall each
month at least 62% of 'fat' seed is destroyed
per year by harvesters in the mature E, regnans
forest at Wallaby Creek. This value could
higher since much of the seed uncollected
after 2 weeks is empty. The yearly seed losses
in young forest may be virtually complete
because of the high rate of removal and the
lower annual seed fall. At higher altitudes, in
the E, delegatensis forests (1100-1200 m),
the lygaeid bug Dieutches notatus Dallas is
an important destroyer of up to 60% of the
seed (Grose 1960). In the cooler forests of £
regnans in Southern Tasmania another lygaeid
bug, Euander lacertosus Erickson, has been
found collecting seeds (Cremer 1965a). This
type of harvester has not yet been found in
the rather warmer forests at Wallaby Creek.

Losses of seed begin whilst the capsules
are ripening in the tree canopies due to
attacks by the wasp, Megastigmus kiatae
Gir., and the anobiid beetle, Dyrophiloides
subcylindricus Lea. Such depredations may
amount to 5-10% of the total production.
Cockatoos and parrots also cause heavy losses
of seed in certain years, often erratically in
certain trees (Ashton 1975b). Many fallen
capsules open on the ground and comprise at
least 16% of the seed fall (Cremer 1965b).
Under natural conditions, a sporadic, tenuous
seed fall occurs as branchlets bearing capsules
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die, or individual umbels or capsules develop
basal abscission layers, desiccate and dehisce.

The total seed storage in the canopies of
the mature forest is frequently enormous due
to the fluctuations of flowering intensity and
the accumulation of fruit crops (Ashton
1975a). It seems possible that the normal seed
fall is in a quasi-equilibrium with the many
consumer species present. In a sense, one
major effect of a fire is to release the canopy-
stored seed, en masse, resulting in a saturation
of food requirements of animals such as ants.
The situation therefore is somewhat analogous
to that of the mast years of beech in southern
Britain (Watt 1923) where regeneration
cycles are determined by periods in which
excess seeds are available for germination and
establishment.

In the E. regnans forest where fire is a
periodic, all-consuming event resulting in
mass regeneration and intense intra-specific
competition, selection has neither progressed
towards ant-resistant seed nor to myrmeco-
chory which would enable seed to be both
dispersed and buried in the soil. The deci-
mation of seed by invertebrate harvesters is of
no evolutionary consequence if regeneration
is geared to the catastrophic event of fire.
Under these conditions of soil enrichment,
fast growth rates ensure a giant forest of
superb form and uncontestable competitive
prowess.
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