THE POSSIBLE PROTECTIVE FUNCTION OF EXTRAFLORAL
NECTARLES OF Aexeia saligna

J 0L Majer
Introduction

It 15 well documented that extrafloral nectari-
es are common and taxonomically widespread in
the plant kmgdom.2 These nectaries are frequ-
entiy arsoclated with attendance by insects,
the ants 1n particular. There are two schools
or thought regarding the roles of extrafloral
nectarires, The 'exploitationist' school belie-
ves that the giands primarily serve some physi-
Ological function, such as removal of surplus
carbohydrates, salts or water, and that ant
attendance is incidental, cenferring no bepefit
en the piant.9 The 'pretectienists' claim that
these nectaries form the basis of a mutualistic
reiationship, with the ant obtaining nutrition
or water from the glands while at the same time
protecting the plapt from herbivores.l The
consideration of herbivores has generally been
directed towards invertebrates although Brown?
suggests that browsing mammals could also be
repclled by aggressive ants. He draws support
for this hypothes:s from the fact that, atypi-
catly for this genus, extrafloral nectaries and
other myrmecophytic structures are uncommon
aniongst Australian Acacia species where there
is a paucity of browsing mammals. Elsewhere,
the frequently ant attractive JAcacia specles
are found along with potertial mammalian herbi-
voras,

A further suggestion for the role of extraflor-
al nectaries 1s made by Ford and FordeS for the
Australaan Acacia pyenantha. Here nectaries on
the tase of petioles, only active at the time
of flowerlng, may attract bird pellinators.

Bentley? states that for the protectionists'
hyrathesis to hold, ants must be present on the
plant and be aggressive towards, and potential
nredators of, potential herbiveres. The plant
mu-t a:50 be vulnerable, and subject, to herbi-
care attack. lor efficient operation of the
reluationship, nectar flow should vary darectly
with herbivore activities.

This paper Teports some prelimipary observatio-
ns and experiments designed to investigate the
pratectionists' hypothesis using Acacia salig-
na as d4n example.

The endemic Western Australian wattle, A.salig-
ra (series Uninerves-Racemosae) 1s CONSpPicuous
for its acth&l? secreting glands. It general-
ly occurs west of a line connecting Murchison
River, around Ajana, to Mount Ragged, 150 kilo-
metres north-east of Esperance.? [t grows as a
dense shrub or tree, normally ranging from 2 to
6 metres 1n height. Solitary glands are situa-
ted on the upper margin of the linear or lance-
olate phyllodes, at or near the distal end of
the pulvillus. Glands are oblong to circular
ranging from 1 to 2 centimetres in diameter.
This species flowers between August and October
and mature sesds are produced between November
and January.’

Arnnual Report 2 Mulga Research Centre 1978.

31,

Methods

Investigations were performed at two sites:
Yalgorup Natiomal Park south of Mandurah (115°

2'E 320 40'5) where 4.saligna occurs extensi-
vely along roadsides, and Manning, Perth (115°
52'E 329 01'S) where scattered plants grow on
vacant land.

Forty A.saligna plants were tagged and number-
ed along roadsides at Yalgorup in March 1977.
One branch of each plant was selected for deta-
iled observation and the distal 20 phyllodes
were marked with a small dot of white acrylic
paint. Plants were examined at approximately
monthly intervals between March 1977 and Febr-
uary 1978, MNotebook records of herbivore abu-
ndance and new phyllode damage were made. The
ants on each labelled branch were collected

for later identification and counting. The
glands on the 20 marked phyllodes of each plant
were inspected and scored for presence or abse-
nce of fluid. Each shoot was then assigned the
following score: 0, no glands secreting; 1, 1
te 5 glands secreting; 2, more than 6 glands
secreting. An index of gland activity was ob-
tained by taking the mean score for all 40
trees.

In September 1977 20 plants in the Manring plot
were selected for investigation. They had rec-
ently flowered but had not yet set seed. Plants
were paired on the basis of size and proximity
and designated experimental or control trees.
The height of eacn plant was measured as was
the crown diameter along the north-south axis.
On 13 September 1977 a 0.87 square metre column
of each plant canopy was sampled for inverte-
brates using a beating tray and by hand collec-
ting. Sampling was always performed on the
north side of the canopy. Invertebrates were
transferred into vials of 70 percent alcohel and
returned to the laboratory for counting and id-
entification to species level in the case of
ants and, where possible, family level for other
taxa. On 16 September 1977 the ants of the ex-
perimental plants were excluded by handing tEs
stem at the 15 centimetre level with Stickeml
and by removing the vegetation which formed
bridges between the plant and ground or adjacent
vegetation. The control and experimental plan-
ts were resampled for invertebrates, by the ori-
ginal method, 4, 11, 25, 39 and 53 days after
the ant exclusion operation. Canopy diameter and
plant height were re-measured after the final
sampling date.

Results
Gland activity

Glands of the Yalgorup plants were extremely
active in autumn at the beginning of the obser-
vation period (Fig. 1). Activity decreased com-
siderably during winter and rose in the follow-
ing spring. Gland activity appeared to drop in
the summer although this may well have been due
to rapid evaporation of the fluid.
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Fig. 1
March 1977 and Februarty 1578.

It should be noted that as the marked leaves
matured, the more recently extended leaves had
higher gland activity rates.

fierbivores on A.saligna

Table 1 shows the invertebrates obtained from
the 10 Manning control plants over the & succe-
ssive samplings. They are ranked on the basis
of total sampled and of frequency out of 60
samples; ants are not included in this Table.
Of the 112 non-ant species sampled, 69 were
herbivores. Vartually all of the most abundant
and frequently occurring species were herbivor-
es, namely sap-sucking Hemipterwa and leaf feed-
ing Coleoptera. Most herbivores were species
asseciated with leaves and stems. The predato-
rs largely comprised of Araneae, reduviid bugs
and coccinellid beetles. A number of parasitic
or predatory wasps and flies were alsc present.

The herbivere records gathered from Yalgorup
indicate that the main period of herbivore act-
jivity in A.saligna is spring when growth is
greatest, followed by a smaller peak in autumn.
The Manning samples were taken during the peak
herbivore pericd.

Ants on A.saligna

Table 2 shows the species of ants which have
been noted on A.saligna at Yalgorup and at Man-
ning. Specific names are given where possible,
otherwise codes used in the W.A,I.T. collection
are used. Members of all five common sub fami-
lies forage on this species of plant.

The totals and frequencies of ants collected by
beating the 10 Manning control trees over 6 su-
ccessive samples are given in Table 3. Some
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Variation in gland activity index for 40 plants observed at Yalgorup between
The February 1978 reading is unavailable.

relevant points are apparent from the Table,
Two species of ants, Iridomyrmex sp. J.D.M. 384
and Diceratoclineg sp.J.D.M. 211, were more nu-
merous on A.8zligra than was any other inverte-
brate and the former was also the most frequen-
tly sampled species of invertebrate {cf. Table
1}). Tt is also noteworthy that the most numer-
ous ants on this plant are all members of the
Dolichoderinae and are probably all omnivorous.
With the possible exception of Camponotus (Col-
obopsis) sp. J.D.M. 417, all of the ants listed
in Table 3 nest in the ground or in dead wood
lying on the ground.

Fig. 2 shows the mean number of ants per shoot
for the repeated observations made at Yalgorup.
The times of occurrence of each species and
their mean number per shoot over the entire ob-
servation period are also given. The data re-
affirms the prominence of Iridomyrmexr spp. and
Diceratoclinea sp. J,D.M. 211 as foragers on A.
saligna. Three genera which were not found on
the Mapnning plants are represented by the spec-
ies Crematogaster sp. J.D.M. 33, Monomoriwn sp.
J.D.M. 39 and Prolasiue sp. J.D.M. 441. The fir-
st mentioned species nests in woedy cavities of
plants such as A.salignas and is probably asso-
ciated with some of the larger, more woody pla-
nts at Yalgorup.

The overall ant foraging pattern on Yalgorup
plants was high in summer, decreasing in autumn
to a winter trough followed by a subsequent in-
crease in the following spring. It is tempting
to relate this trend to gland activity since,
if the probably unreliable late spring and sum-
mer gland activity index values are excluded,
ant activity closely followed gland activity
{Figs. 1 and 2). The relationship of glands and
ants may not be causal however since ant forag-
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TARLE 1 Species sampled by beating foliage of 10 Manning contrel trees
over & successive samples showing their totals, frequency out
of 60 samples, and various aspects of their biclogy.
Code Class 01'dl er Sila}:i }Ez}:m‘i] ;)’ Winged Adult iﬁ?‘: ) Fﬁ:gi:% Total Frequency
Ald Insecta Hemiptera Coreidae + + "H 50 24
Ad5 " Lepidoptera  indet. - + H 77 18
Ab " Coleoptera Curculicnidae + + H 34 18
AdE Arachnida Araneae Salticidae - * P 32 17
At4 Insecta Coleoptera indet. - + H 29 14
BS " Hemiptera Psyllidae - + H 25 16
Ad " Lepidoptera  indet. . - * H 24 15
Al2 " Hemiptera Psyllidae - + H 23 1s
Al9 " Hemiptera Psyllidae + + H 20 16
A48 r Colecptera Chrysomel idae + + H " 20 13
A23 " Diptera Sciaridae + + H 18 8
443 " Hemiptera Cicadellidae + + tH 17 16
B4 3 " Lepidoptera indet. - * H 17 10
Cct " Coleoptera Belidae + + H 16 9
B33 " Coleoptera Curculicnidae + + H 15 8
B22 " Hymenoptera Platygasteridae + + P 15 b
422 " Hemiptera Derbidae - + H 15 6
A42 " Hemiptera Coreidae - + H 13 8
AZ7 Arachnida Araneae Clubionidae - + p 12 11
A24 Insecta Coleoptera Coccinellidae + + P 12 9
AlS Arachnida Araneac Clubionidae - + P 9 g
Az6 Insecta Coleoptera Chrysomelidae + + H 8 7
C42‘ - Hemiptera Coreidae - + H 8 6
ALl " Coleoptera Cerambycidae + + H 8 6
B4 D " Coleoptera indet. - + H 8 4
Aj " Hemiptera Membracidae - + H 7 7
BS " Lepadoptera  indet. - + H 7 6
B1g " Coleoptera Bruchidae + + H 7 4
B32 m Hemiptera Nogonidae + + H 5 5
BlO " Orthoptera Gryllacrididae + + H 5 5
All " Lepidoptera  indet. - + H 5 5
B30 " Lepidoptera  indet, - + H 5 4
A39 Arachnida Araneae indet. - + P 4 4
B6 Insecta Lepidoptera Tineoidea + + H 4 4
B45 " Coleoptera Coccinellidae + + P 4 3
C5 Arachnida Acarina indet. - + P 4 1
AlQ " Arancae Araneidae - + P 3 3
A33 Insecta Blattodea Elattidae - + D 3 3
C39 " Neuroptera indet. - + P 3 3
B34 " Coleaptera Cleridae + + P 3 3
829 " Coleoptera indet. - + H 3 3
B13 " Lepidoptera  indet. - + H 3 3
B47 Arachnida Araneae Clubionidae - + P 3 2
B31 Insecta Coleoptera Sarabaeidae + + H 3 2
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Code Class order Sigﬁ_‘igmﬁy Winged  Adult i‘;“;‘i' F;Zﬂi‘% Total Frequency
cé6 Insecta Le})idoptera indet. - + H 3 p
A3l " Orcthoptera Acrididae - + H 2 2z
A37 " Orthoptera Acrididae - + H 2 2
Al8 " Mantodea Mantidae - + P 2 2
C23 " Hemiptera Cicadellidae - + H 2 2
C33 " Hemiptera Piesmidae + + H 2 2
Azl " Neuroptera indet. - + P 2 2
BG " Coleoptera Carabidae + + H 2 2
B24 " Coleoptera Coccainellidae + * H pi 2
B44 " Coleoptera Chrysomelidae + + 2 2
Cll " Coleoptera Scarabaeidae + + H 2 2
Cl9 " Caleoptera Chrysomel idae + + H 2 2
£48 " Colecptora Scarabaeidae + + H 2 2
A3Q " Diptera Ephydridae + + H 2 2
AT " Coleoptera indet. - + H 2 1l
Ad Arachnida Araneae Oxyopidae - + P 1 ¥ 1
A40 " Araneae Clubionidae - + P 1 1
A50 " Araneae Salticidae - + P 1 1
B12 n Araneae Theridiidae - + P 1 1
B18 " Araneae Salticidae - + P 1 1.
B36 " Araneae Thomisidae - + P 1 1
C3 " Araneae Araneidae - + P 1 L
C10 " Arancac Araneidae? - + P 1 1
ca7 " Arareae Thomisidae - + P 1 1
D13 " Araneae Salticidae - + P 1 1
B7 Collembola  Collembola Entomobryidae - + D 1 1
Clé " Collembola Entomobryidae - + 0 1 1
B4l " Collembola Sminthuridae - + H 1 1
A3S Insecta Blattodea Blattidae - + D 1 1
A36 " Blattodea Blattidae - + D 1 1
D14 n Blattodea Blattidae - + D 1 1
B35 " Orthoptera Acrididae + + H 1 1
Cci2 ' Psocoptera Peripsocidae + + H 1 1
c48 " Psocoptera indet, - + H 1 1
B3 " Hemiptera Pentatomidae + + H 1 1
Bl4 vt Hemiptera Margarodidae - + H 1 L
B26 v Hemiptera Psyllidae + + H 1 1
c2o " Hemiptera Aphididae + + H 1 1
€30 " Hemiptera Lygaeidae + + H 1 1
C34 " Hemiptera Reduviidae * + p 1 i
C35 " Hemiptera Membracidae + + H 1 1
C50 " Hemiptera Delphacidae + * H 1 1
B42 " Neuroptera Hemerobiidae - + P 1 L
Al " Coleoptera Chrysomelidae + + H 1 1
AS " Coleoptera indet. - + H 1 1
A28 " Coleoptera indet. - + H 1 1
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Code Class Order Sigz;;;'mffy Winged Adult . habigs Total Frequency
BSC Insecta Coleaptera Carabidae + P 1 1
c17 " Coleoptera Scarabaeidae + H 1 1
Cis " Colecptera Chrysomelidae + H 1 1
Bl " Diptera Culicidae + P 1 1
B4 " Diptera Drosophilidae + H 1 1
B49 " Diptera Droscphilidae + H 1 1
B33 n Diptera Chironomidae + P 1 1
BL3 " Diptera Sciomyzidae + P 1 1
(K] " Diptera Cecidomyiidae + Hor D 1 1
C21 " Diptera Chironomidae + P 1 1
C45 " Diptera Drosophilidae + H 1 1
Al " Lepidoptera  indet. - H 1 1
AlS " Lepidoptera  indet. + H 1 1
A32 " Lepidoptera  indet, + H 1 1
B37 o Lepidoptera  indet. . H 1 1
B8 " Lepidoptera  indet. + H 1 1
D7 " Lepidoptera  indet. - H 1 1
A25 " Hymenoptera  Scelionidae + P 1 1
C43 " Hymenoptera  Scelionidae + F 1 1
Ba6 " Hymenoptera  Encyrtidae + P 1 i
3l " Hymenoptera Cynipidae + p 1 1
C3z2 " Hymenoptera  Scelionidae + P 1 1
* H, herbivores; P, predators or parasites; D, decomposition associated species.
TABLE 2 Checklist of ant species found on 4.saligna plants
at Yalgorup National Park or at the Manning plot.
Myrmeciinae Melophorini
Myrmeciini Melophorua sp. J.D.M. 52
Myrmeeia sp. J.D.M, 1 Prolagiue sp. J.D.M. 441
Myrmecia chagel
Dolichoderinae
Ponerinae Dolichoderint
Ectatomming Diceragtoolinea sp. J.D.M. 211
Bhytidoponera violacea Tapinomini
Myrmicinae Iridomyrmez glaber
Crematogastrini I. sp. J.D.M, 9
Crematogagter sp. J.D.M. 33 I. sp. J.D.M, 22
I, sp. J.D.M. 200
Metaponini I. sp., J.O.M, 217
Monomoriwm sp. J.D.M. 3% I. sp. J.D.M, 354
I. sp. J.D.M. 384
Formicinae
Camponotini
Canponotue sp. J.D.M. 27
. sp., J.D.M, 199

L. {Colobopaia) s

p. J.D.M, 417
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TABLE 3 Totals and frequencies of ants collected by treating the
10 Manning contrel trees over ¢ successive samples.

Total Frequency
Iridomyrmexr sp. J.0.M. 384 279 32
piceratoclinea sp. J.D.M. 211 8BS 11
Iridomyrmez sp. J.0.M. 22 39 17
Iridomyrmex sp. J.D.M, 9 32 6
Inidomyrmex glaber & 4
Mymnecia sp. J.D.M. 1 4 3
Myrmecia chaset 3 3
Camporotus (Colobopais) sp. J.D.M. 417 2 2
Rhytidoponera tnornata 2 1
1
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Fig. 2 Mean number of ants per labelled shoot for 40 plants observed at Yalgorup
between March 1977 and February 1978, The times of occurrence of individual species
and their mean number per shoot over the total observation period are also shown.



1ng cn plants closely followed the seasonal

trend of ground foraging observed at the nearby
localities of Perth (Reabold Hill) and Dwellin-
gup (Majer, unpubiished data}). The relationsh-
1p between ant attendance levels and gland act-
1vity rates merits more detailed investigaticn.

dnt exclusion erperimerni

The banding of plants is likely to interfere
with the traffic of wingless invertebrates onto
the plant. Apalysis of results 1s therefore
basically confined to winged species in order
to avoid this confounding facteor. Invertebrate
Jdata are bulked since ants are not generally
likely to distinguish between, say, herbivores
and predators when disturbing or attacking ani-
mals,
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Fig. 3 shows the mean and standard deviations
of total number of winged species and winged
individuals on the control and experimental
trees for the one pre- and 5 post-ant exclusion
samples. The high values for the pre-exclusion
samples indicate that beating of plants has
subsequently depleted the fauna. This is un-
likely to bias the data since control and expe-
rumental trees were equally affected.

Initially, control group trees supported a
greater number of individuals and species

of invertebrates than did the experimental trees
(Fig. 3). The difference was less i1n the first
post-exclusion sample and reversed in subseque-
nt samples. The only exception was the penul-
timate sample in which species richness was hi-
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The bars represent standard deviations,



and individuals on control and experimental
plants were compared for each sample date using
Wilcoxon's Signed Ranks test. In view of the
high variance exhihited by the data, only spec-
ies richness values for the second and fifth
post-exclusion sample wWere sigmficantly diffe-

rent (p < 0.1}.

It was only possible to compare a few individu-
al species on the two plants groups in view of
their low numbers and frequencies. The winged
Cicadellidae (A43}, Psyllidae (Al9) and Ceram-
bycidae (411) and the larvae of one Psyllidae
(Al2), aund two Lepidoptera (A4 § Al3), were all
significantly more numerous on the ant excluded
troes when data for the 5 post-exclusion sampl-
es were bulked {p % 0.1, using Wilcoxon's Sign-
ed Ranks test].

The mean and standard deviation of plant height
and canopy area before and at the end of the
exclusion experiment are shown for bath groups-
of plants in Table 4. There was a considerable
variance in the data due in part to the insens-
1t1vity of the method of measurement so no dif-
ferences were significant. The data do suggest,
however, that plants on which ants were excluded
grew less in height during the study period and
actually suffered some contraction of canopy
diameter; presumably due to leaf damage. The
changes in height and diameter of the two plant
groups are consistent with the data on inverte-
brates, namely the more herbivores on the plant,
the less growth there 1is.

Discussion

A. saligna presents a situation where the prote-
ctionists' hypothesis might apply. It supports

.
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a diverse and abundant range of herbivores
which cause damage to the plant, aggressive
ants are present and the spatial and temporal
patterns of gland activity are appropriate for
maximising any protective effect of ants. These
points are now discussed in greater detail.

The range of herbivores on 4.saligna is more
diverse and abundant than that found on

other Acacia species observed by the author in
the south-west of Western Australia. While
complying with the conditions of the hypothesis,
this suggests that ants are pocr OT ineffective
agents for reducing herbivory. It should be
noted, however, that 4.saligna is often found
in highly disturbed areas, as were the two stu-
dy sites, so herbivore levels may here be abno-
tmally high due to clearing or some other emnvi-
rommental disturbance. Even if herbivores were
this abundant on A.saligna in its natural envi-
romment, there would still be advantage in the
plant possessing devices which allow ants to
reduce herbivore levels by even a manor extent.

This species is certainly attended by a suffic-
jent density of ants to have an impact on the
herbivore fauna. The Tange of ant species on
A.saligna (B and 9 species at Yalgorup and Man-
ning tespectively) suggests that it is only
attractive to certain species since both areas
would be inhabited by at least 50 ant species
(Majer, unpublished data}. Some of the species
present on the plant are aggressive (e.g. Myr-
mecia spp. and Rhytidoponera inornata) and oth-
ers are omnivorous (e.g. Iridomyrmex spp.) so
the plant supperts specles which are capable of
reducing herbivore levels.

Certain Iridomyrmexz species have characteristic

TABLE 4 Mean and standard deviation of plant heights and crown canopy
areas for the Manning contrcl and experimental plants, measured
before and 54 days after ant exclusion.

(a) Height of plant (m)
12 Sep 1977 9 Nov 1977 Percentage
change
Control trees 1.76 ¥ 0.45 1.87 t 0.42 +6.5%
Ant excluded trees 1.76 * 0.39 1.78 1 0.45 +1.35%
f
(b} Area of crown canopy (mz)
12 Sep 1977 3 Nov 1977 Percentage
change
Contrel trees 3.18 t 2.11 3.64 * 2.2 +14.5%
Ant excluded trees 2.61 * 1.59 2.53 1.2 - SIOE%AAJ




foraging patterns on d.saligna. Workers syste-
matically move between adjacent phyllodes, vis-
itang glands near the base and then detouring
to the tip of each phyllode before passing to
tne next gland. Such 3 strategy would be most
erficient for detecting stemand phyllode iiving
herbivores.

The tempcral and spatial pattern of gland acti-
vity is also appropriate for maximising effici-
ency of a protectionist relationship. The high
gland activity on new leaves, which are partic-
ularly susceptive to herbivores, might attract
nure ants or encourage them to spend a greater
amount of time where they are most needed.

This pattern of gland activity has alsc been
ncted for other species of plunt such as cotteon
(literature reviewed in 2).

Giands appear to be most active in spring and
autumn when the threat of herbivery 15 greatest.
This might also have the effect of encouraging
ants at a time most important to the plant,
Whether this is the case or not has not been
resolved, as ants are also sbundant on the
plants in summer (although glands may also be
very active then). Alse, ant foraging on plan-
ts closely reflects the temporal ground foraging
pattern so this time relationship may be fortu-
itous.

The ant exclusion experiment was subject to a
aumber of limitations. Firstly the banding op-
eration influenced the presence of other groups
such as lepidoptera larvae which took refuge 1in
the Iitter layer during the daytime. Banding
therefore directly altered the composition of
the fauna on A.snligna with consequent uncerta-
in effects on plant damage, growth and inverte-
brate interactions. Secondly the variaticn in
imvertebrates present on individual plants was
hign thus making statistical detection of trends

difficult. Thirdly, most species were infrequent,

or present in low numbers, on plants so compari-
son at the individual species level of contrel
and experimental trees was only possible for a
limited number of taxa.

The cata nevertheless do suggest acceptance of
the protectionists' hypothes:s since exclusion
feads to partly statistically demonstrated in-
ciedses 1n species richness and abundance of
bulked winged invertebrates and 1n the numbers
of 6 individual herbivorous insects, These en-
couraging results suggest that the experiment
merits repeating using a greater number of study
plants and more sensitive methods of measuring
plant growth parameters. If further findings
confirm these early results then A.saligna
would be added to the two existing cases, Bira
orellanagd and Helianthella®, where ants attrac-
ted to extrafloral nectaries have been demonst-
rated to have a protective effect on the plant.
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