12

6

Effects of Human Disturbance
and Climate Change on
Myrmecochory in Brazilian
Caatinga
Inara R. Leal, Laura C. Leal, Fernanda M. P. de Oliveira,
Gabriela B. Arcoverde, and Alan N. Andersen*

Introduction
Myrmecochory refers to specialized seed dispersal by ants and is one of the world’s
major seed dispersal syndromes, involving more than 11,000 angiosperm species
(4.5 percent of the global total) from 334 genera and 77 families (Lengyel et al.,
2009). Myrmecochorous plants have specially adapted seeds that possess a food
appendage designed for ant attraction and transport (van der Pijl, 1982; Beattie,
1985). The appendages are typically arils, ariloides or caruncles (Gorb & Gorb,
2003), and are collectively referred to as elaiosomes because they are all rich in fatty
acids. Generalized omnivorous ants are attracted to the elaiosomes and use them
as handles for seed transportation (Beattie, 1985). Once seeds reach the nest, ants
eat the elaiosome and typically discard the seed intact, in nest galleries or externally
on nest middens or nearby refuse dumps, where they can potentially germinate and
establish (Beattie, 1985; Hughes & Westoby, 1992; Manzaneda & Rey, 2012).
Myrmecochory is particularly common among temperate forest herbs in the northern Hemisphere (Beattie & Culver, 1981; Gorb & Gorb, 2003) and sclerophyll
shrubs of Mediterranean-climate landscapes in South Africa, southern Australia
and southern Europe (Bond & Slingsby, 1983; Westoby et al., 1991; Garrido et al.,
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2002). In the past decade, the Brazilian Caatinga has been recognized as another
hotspot of myrmecochory (Leal et al., 2007, 2015). Caatinga is a mosaic of xerophytic, deciduous, semiarid thorn scrubs and seasonally dry forests that covers
730,000 km2 in northeastern Brazil (Instituto Brasileiro de Geografia e Estatística,
1985; Sampaio, 1995). The soils form a complex mosaic, ranging from nutrient-rich
clays to nutrient-poor sands (Sampaio, 1995). Although the seeds of most Caatinga
plants are dispersed abiotically (Griz & Machado, 2001; Tabarelli et al., 2003), a
large number of species from many families rely on the seed dispersal services by
ants (e.g. 25 percent of local woody flora in Leal et al., 2007). Myrmecochory is especially prevalent in the Euphorbiaceae, the second largest plant family in the Caatinga
flora (Moro et al., 2014), where about 70 percent of its species –woody plants from
the genera Cnidoscolus, Croton, Jatropha and Manihot –have their caruncle-bearing
seeds dispersed exclusively by ants (Leal et al., 2015). Although we have improved
our understanding of myrmecochory in Caatinga over recent years (Leal et al., 2007,
2014a, 2015; Lôbo et al., 2011), there has been no systematic analysis of the impact
of human disturbance on this dispersal mode (but see Leal et al., 2014b).
Like other ecosystems around the world, Caatinga has experienced a gradual
but persistent degradation process varying from relatively minor biomass reduction to complete desertification (Leal et al., 2005; Ministério do Meio Ambiente,
2011; Ribeiro et al., 2015, 2016; Schulz et al., 2016). Much of this degradation is a
consequence of the very dense (i.e. 26 inhabitants per km2, Medeiros et al., 2012)
and low-income rural populations of the region (Ab’Sáber, 1999), which are highly
dependent on forest resources for their livelihoods (Leal et al., 2005; Gariglio et al.,
2010; Sunderland et al., 2015). Activities such as firewood collection, exploitation of
non-timber products, hunting, grazing by livestock and intentional introduction of
invasive plant species (Singh, 1998; Martorell & Peters, 2005; Davidar et al., 2010)
have had a negative influence on biodiversity, including a replacement of disturbance-
sensitive species by disturbance-adapted species (Leal et al., 2005; Ribeiro et al.,
2015, 2016; Oliveira et al., 2016; Ribeiro-Neto et al., 2016). Such chronic anthropogenic disturbance and its consequences are typical of developing countries and fast-
growing global economies (Singh, 1998; Martorell & Peters, 2005; Laurance & Peres,
2006; Davidar et al., 2010; Ribeiro et al., 2015). Effective seed dispersal is critical for
vegetation recovery after such disturbance (Farwig & Berens, 2012; Marini et al.,
2012), and so any diminishing of seed-dispersal services by ants could have particularly significant consequences for a large component of the Caatinga flora.
In addition to chronic anthropogenic disturbance, the Caatinga biota is threatened
by climate change. Predictions of the International Panel of Climate Change indicate
that the Caatinga region will face an increase in temperature of 1.8–4°C, and a reduction in rainfall of 22 percent by 2100 from a 2000 baseline (Magrin et al., 2014). The
range of climatic variation is also predicted to increase (Schär et al., 2004), including a higher frequency of extreme weather events; this might have greater ecological
consequences than just the predicted shift in average conditions (Jentsch et al., 2009).
Climate change could further intensify the negative effects of disturbance. There
is increasing evidence that climate change and disturbance can have complex and
sometimes synergistic effects on biodiversity (Travis, 2003; Ponce-Reyes et al., 2013;
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García-Valdés et al., 2015), with warm and arid environments (such as Caatinga)
likely to be at greatest risk (Anderson-Teixeira et al., 2013; Gibb et al., 2015).
In this chapter, we present a synthesis of our research on myrmecochory in Caatinga
vegetation, with a particular focus on the impacts of chronic anthropogenic disturbance
and climate change on this dispersal mode. First, we describe ant-diaspore interactions
occurring in Caatinga, including the plant and ant species involved, diaspore types, ant
behavior toward diaspores and the quality of dispersal services provided by ants. We
then focus on true myrmecochores (mainly species of the Euphorbiaceae), describing
species composition, diaspore traits and their influence on seed removal, seed germination and seedling survival. Finally, we examine the effect of chronic anthropogenic
disturbance on the quality of the dispersal service provided by ants, and present an
assessment of how myrmecochory in Caatinga might be affected by climate change.
We conclude with some future directions of research on myrmecochory in Caatinga.

Interactions between Ants and Diaspores in Brazilian Caatinga
Diaspore Species
Ants from Caatinga vegetation interact with diaspores of a wide variety of plant
species, including non-
myrmecochores (i.e. those without elaiosome) as well
as myrmecochores (Table 6.1). The non-
myrmecochorous diaspores are fleshy
fruits that belong to many plant families, including Anacardiaceae, Annonaceae,
Boraginaceae, Cactaceae, Malpighiaceae, Rhamnaceae, Rubiaceae, Sapotaceae
and Simaroubaceae. Most of these diaspore species are transported by ants, but
some of the largest ones are not, and are just “cleaned” (i.e. fruit pulp is removed)
in situ (Table 6.1). The interactions between ants and non-myrmecochorous diaspores in Caatinga represent secondary dispersal, similar to that described in other
neotropical ecosystems such as rainforests (Levey & Byrne, 1993; Pizo & Oliveira,
2000; Passos & Oliveira, 2003) and savannas (Leal & Oliveira, 1998; Christianini
et al., 2007), where a large variety of primarily vertebrate-dispersed plant species
are secondarily dispersed by ants once the seeds reach the ground (Chapter 7).
The majority of true myrmecochores belongs to the Euphorbiaceae and possesses
carunculate seeds. Ant dispersal has been directly observed in 16 carunculate euphorb
species (Table 6.1, Figure 6.1); another 100 Caatinga euphorb species have carunculate seeds and are therefore presumably also myrmecochorous (Leal et al., 2015).
Other species-bearing elaiosomes categorized as true arils and sarcotestas (sensu
Gorb & Gorb, 2003) also occur in Caatinga (Table 6.1). Myrmecochorous diaspores
reach the ground by being passively dropped by parent plants or via ballistic dispersal; ants have never been observed climbing the vegetation to access fruits or seeds.

Ant Species
Diaspores are manipulated by different ant species in three main ways (Table 6.2,
Figure 6.1): (1) large ant species (e.g. of Camponotus, Dinoponera, Ectatomma and

9781107159754book.indb 114

5/29/2017 7:28:58 PM

15

Effects of Human Disturbance and Climate Change on Myrmecochory

115

Table 6.1. Plant Species with Diaspores Interacting with Ants on the Ground in Caatinga Vegetation, Northeastern Brazil
Plant family and species

Fruit type

Fruit length
(mm)

Seed length Elaiosome
(mm)
type

Interaction
cleaning

removal

Anacardiaceae
Myracrodruon
urundeuva Allemão

Drupe

14

4

–

X

Schinus terebinthifolius
Raddi

Drupe

6

5

–

X

Spondias tuberosa
Arruda

Drupe

48

28

–

X

130

28

–

X

Anonaceae
Annona coriacea Mart.

Symcarp

Boraginaceae
Varronia globosa Jacq.

Drupe

5

3

–

X

X

Varronia leucocephala
(Moricand) J. S. Mill.

Drupe

5

3

–

X

X

15

10

Aril

X

X

Burseraceae
Commiphora
leptophloeos (Mart.)
J.B. Gillett

Capsule

Cactaceae
Cereus jamacaru DC.

Berry

50

1.5

–

X

Melocactus bahiensis
(Britton & Rose)
Luetzelb.

Berry

15

1.2

–

X

Melocactus zehntneri
(Britton & Rose)
Luetzelb.

Berry

15

1.2

–

X

Pilosocereus gounellei
(F. A. C. Weber)
Byles & Rowley

Berry

50

1.5

–

X

Pilosocereus
pachycladus F. Ritter

Berry

45

1.3

–

X

Tacinga inamoena
(K.Schum.)
N.P.Taylor & Stuppy

Berry

30

2

–

X

Tacinga palmadora
(Britton & Rose)
N.P.Taylor & Stuppy

Berry

30

2

–

X

Colicodendron yco
Mart.

Capsule

60

15

Sarcotesta

X

X

Cynophalla flexuosa (L.)
J.Presl

Capsule

50

10

Sarcotesta

X

X

Capparaceae

(continued)
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Table 6.1 (cont.)
Plant family and species

Fruit type

Fruit length
(mm)

Seed length Elaiosome
(mm)
type

Interaction
cleaning

removal

Celastraceae
Maytenus rigida Mart.

Capsule

8

5

Aril

X

X

Cnidoscolus pubescens
Pohl

Capsule

24

12.5

Caruncle

X

X

Cnidoscolus quercifolius
Pohl.

Capsule

25

13.5

Caruncle

X

X

Cnidoscolus urens (L.)
Arthur

Capsule

16

7.2

Caruncle

X

X

Croton adamantinus
Müll.Arg.

Capsule

8

4

Caruncle

X

X

Croton argyrophyllus
Kunth

Capsule

6.5

4.8

Caruncle

X

X

Croton blanchetianus
Baill.

Capsule

5.5

3

Caruncle

X

X

Croton campestris
A.St.-Hil.

Capsule

4.3

Caruncle

X

X

Euphorbiaceae

10

Croton grewioides Baill.

Capsule

5

2.8

Caruncle

X

X

Croton heliotropiifolius
Kunth

Capsule

7

4.5

Caruncle

X

X

Croton nepetaefolius
Baill.

Capsule

10

5

Caruncle

X

X

Croton sonderianus Müll. Capsule
Arg.

10

5

Caruncle

X

X

Jatropha gossypiifolia L.

Capsule

14

Caruncle

X

X

Jatropha mollissima
Pohl. (Baill.)

Capsule

25

12

7.3

Caruncle

X

X

Jatropha mutabilis Pohl.
(Baill.)

Capsule

24

12

Caruncle

X

X

Jatropha ribifolia (Pohl)
Baill.

Capsule

13

7

Caruncle

X

X

Manihot carthaginensis
subsp. glaziovii (Müll.
Arg.) Allem

Capsule

22

11

Caruncle

X

X

Drupe

10

7

–

X

X

Drupe

18

14

–

X

Malpighiaceae
Byrsonima gardneriana
A.Juss.
Rhamnaceae
Ziziphus joazeiro Mart.

X
(continued)
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Table 6.1 (cont.)
Plant family and species

Fruit type

Fruit length
(mm)

Seed length Elaiosome
(mm)
type

Interaction
cleaning

removal

Rubiaceae
Guettarda angelica Mart. Drupe
ex Müll.Arg.

6

4

–

X

12

–

X

9

–

X

30

–

X

X

Sapotaceae
Manilkara rufula (Miq.)
H.J.Lam

Berry

25

Sideroxylon obtusifolium
(Roem. & Schult.)
T.D.Penn.

Berry

13.5

Drupe

35

X

Simaroubaceae
Simaba ferruginea
A.St.-Hil.

Fruit type, fruit, and seed size according to van Roosmalen (1985), Andrade-Lima (1989), Lorenzi
(1998) and Barroso et al. (1999). Elaiosome type sensu Gorb & Gorb (2003).
Source: From Leal et al. (2007); Lôbo et al. (2011); Leal et al. (2014a, 2014b, 2015, and
unpublished data).

Odontomachus) often individually remove the whole diaspore to their nests; (2) species of Acromyrmex, Atta, Crematogaster, Cyphomyrmex, Dorymyrmex, Pheidole
and Trachymyrmex recruit nest mates and cooperatively transport diaspores or parts
of the elaiosome to nests and (3) species of Solenopsis and some of Pheidole commonly recruit nestmates and remove elaiosome in situ and do not transport them.
Although many ant species are attracted to diaspores, the dispersal service
provided by them is highly variable and related to behavioral and morphological
differences between the ant species (Hughes & Westoby, 1992; Gove et al., 2007;
Manzaneda & Rey, 2008; 2012; Ness et al., 2009). In particular, large-bodied,
solitary foraging ants typically offer superior dispersal services because individual
workers can quickly collect seeds, transport them over relatively long distances and
deposit them isolated or in small groups in external nest refuse piles (Ness et al.,
2004; Gove et al., 2007; Aranda-Rickert & Fracchia, 2012). Conversely, small-
bodied, recruit-
foraging ants are typically low-
quality dispersers because they
often feed on the elaiosome in situ without transporting the diaspore, or use mass-
recruiting system to remove diaspores, usually only over very short distances, and
deposit them in large groups in nest refuse (Andersen & Morrison, 1998; Lôbo
et al., 2011). The most important high-quality disperser ant species in Caatinga
are those of Dinoponera (which are able to remove diaspores >20 m), Ectatomma
and Camponotus, whereas species of Solenopsis and Pheidole are the most common low-quality dispersers (Leal et al., 2014a). Leaf-cutting ants (species of Atta
and Acromyrmex) are also classified as low-quality dispersers despite their relatively
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Figure 6.1.
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Interactions between ants and seeds in Caatinga vegetation: Dinoponera quadriceps
carrying a Jatropha mutabilis seed (a), Ectatomma muticum carrying a Jatropha ribifolia
seed (b), Pheidole fallax carrying a Jatropha gossypiifolia seed (c), Solenopsis tridens
removing elaiosomes of Jatropha mutabilis seeds in situ (d), Crematogaster sp. removing the
elaiosome of a Cnidoscolus quercifolius seed in situ (e), Solenopsis sp. removing elaiosomes
of Jatropha mollissima seeds in situ (f), Euphorbiaceae seeds from different species on
an Atta laevigata nest (g); and seedlings growing on an Atta opaciceps nest (h). Photo
credits: L.C. Leal (a, b); I. R. Leal (c, e, f); F. M. P. Oliveira (d, g, h).
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Table 6.2 Ant Species Recorded Interacting with Diaspores on the Ground in Caatinga Vegetation, Northeast Brazil
Ant subfamily and species

Ant behavior

Quality

RT

L

Dolichoderinae
Dorymyrmex bruneus (Forel)
Dorymyrmex thoracicus (Gallardo)

RT

L

Dorymyrmex goeldii (Forel)

RT

L

I

H

Ectatomminae
Ectatomma muticum (Mayr)
Formicinae
Camponotus blandus (Smith)

I

H

Camponotus crassus (Mayr)

I

H

RT

L

Myrmicinae
Atta laevigata (Smith)
Atta opaciceps (Borgmeier)

RT

L

Atta sexdens (L.)

RT

L

Acromyrmex balzani (Emery)

RT

L

Acromyrmex rugosus (Smith)

RT

L

Crematogaster sp. 1

RT

L

Crematogaster sp. 2

RT

L

Cyphomyrmex rimosus (Spinola)

RT

L

Pheidole fallax (Mayr)

RT

L

Pheidole radoszkowskii (Mayr)

RT

L

Pheidole sp. 1

RT

L

Pheidole sp. 2

RT

L

Pheidole sp. 3

RT

L

Pheidole sp. 4

RT

L

Solenopsis tridens (Forel)

RC

L

Solenopsis virulens (Smith)

RC

L

Solenopsis sp. 1

RC

L

Solenopsis sp. 2

RC

L

Solenopsis sp. 3

RC

L

Trachymyrmex sp. 1

RT

L

Trachymyrmex sp. 2

RT

L

Ponerinae
Dinoponera quadriceps (Kempf)

IT

H

Odontomachus haematodus (Linnaeus)

IT

H

Ant behavior: I = individual transport of diaspores to nests; RT = recruitment of nest mates and
transport of diaspores or parts of them to the nest; and RC = recruitment of workers and removal of
the fruit pulp or elaiosome without diaspore transport. Quality of seed dispersal service: H = high-
quality seed dispersers: large-bodied, subordinate predatory or omnivore ants that transport diaspores
to significant distances and deposit them isolated or in small groups in nest refuses; L = low-quality
seed dispersers: small-bodied, dominant or granivore ants that feed on the elaiosome in situ without
transporting the diaspore, or transport diaspores to short distances and deposit them in large groups
in nest refuses, or cut or bury all seedlings growing on nests.
Source: From Leal et al. (2007); Lôbo et al. (2011); Leal et al. (2014a, 2014b, 2015, and unpublished data).
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large body size and ability to transport seeds long distances, because they usually
cut or bury all seedlings growing on or near their nests (Table 6.2).
Despite myrmecochory being such a common dispersal syndrome around the
world, there have been relatively few studies of the fate of dispersed seeds in terms
of germination and seedling establishment (e.g. Hanzawa et al., 1988; Hughes &
Westoby, 1992; Manzaneda & Rey, 2012). In Caatinga, we have observed that
seeds deposited by Dinoponera quadriceps near its nest entrances experience a
higher likelihood of escaping from post-dispersal predation by insects compared
with control seeds, and seedling abundance is more than twice as high around nest
entrances compared with control areas (Arcoverde, 2012). Although D. quadriceps
is not involved in active seed and seedling protection, seed predators and folivores
are likely to be deterred by resident ants, thus enhancing the prospects of seeds
and seedlings (Arcoverde, 2012). This same pattern was observed in neotropical
Restinga vegetation, where ponerine ants promote higher seed germination and
seedling survival of non-myrmecochorous plants in ant nests as compared to control areas (Passos & Oliveira, 2002, 2004; Chapter 7). Therefore it suggests that
some disperser ant species not only disproportionally benefit myrmecochorous
and non-myrmecochorous plants during the seed transport phase, but may also
extend their positive influence on myrmecochorous reproductive success into the
post-dispersive phase.

Euphorbs: The Dominant Myrmecochores in Caatinga
Euphorbiaceae is by far the most important family of myrmecochores in Caatinga.
Leal et al. (2015) identified 116 (68 percent) out of the 186 euphorb species known
from this ecosystem as myrmecochorous, including species of Croton (58 species),
Manihot (20), Euphorbia (10), Cnidoscolus (9), Sebastiania (9), Jatropha (5), Mabea
(2), Stilingia (2) and Ricinus (1). All of them have carunculate seeds that are diplochorous, with ballistic discharge of seeds from explosive dehiscent capsules followed by dispersal by ants.
The interactions of ants with euphorb seeds have been described in detail, including removal rate and distance, seed fate, seed germination and seedling growth rate
(Leal et al., 2007, 2014a). The rate of seed removal varies among sites, but was
frequently very high (e.g. >70 percent after 12 hours) for all seven species studied by Leal et al. (2007). Approximately 80 percent of removed seeds are transported to ant nests. Dispersal distances can exceed 25 m, but mean distance is much
shorter, varying from 1.2 m to 5.3 m; even the lower figure substantially exceeds
that of ballistic dispersal (see Leal et al., 2007; Leal et al., 2014a). Within the nest,
ants remove the elaiosome and retain the cleaned seeds inside the nest or more
frequently deposit them in the vicinity of the nest entrance, including refuse piles
and nest mounds (Leal et al., 2007). Although seeds become clustered close to nest
entrances, they experience a higher chance of escaping from predation compared
with seeds deposited in areas away from nests (Lôbo et al., 2011; Arcoverde, 2012).
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Ant attraction to euphorb seeds is mediated by the elaiosome, as the removal
rate of elaiosome-bearing seeds was at least two-fold higher than seeds without
elaiosome for all the seven myrmecochore species evaluated by Leal et al. (2007).
Elaiosomes served as handles, without which the hard and smooth seed coats would
not allow seed transport by ants. Interspecific variation in elaiosome size and chemical composition also influence seed removal by ants. Low-quality disperser ants
were equally attracted to the elaiosomes of all study species, while high-quality
dispersers such as Dinoponera quadriceps and Ectatomma muticum showed a strong
preference for diaspores of Jatropha mollissima, which had the highest elaiosome
mass and especially proportional mass (Leal et al., 2014a). This finding suggests
that myrmecochorous plants can preferentially target high-quality seed-disperser
ants through the evolution of particular elaiosome traits (Leal et al., 2014a).
The deposition of transported seeds on ant nest improves seed germination
for most species evaluated in Leal et al. (2007). This may be a peculiarity of
Euphorbiaceae and other caruncle-bearing seed species, as their elaiosome (also
referred to as micropylar aril) covers the micropyle, the structure responsible for
seed imbibition (Gorb & Gorb, 2003). Caruncle removal by ants may facilitate seed
imbibition, and consequently enhance seed germination (Leal et al., 2007). In the
case of Cnidoscolus quercifolius, a higher germination rate in nest soil is followed
by an increased seedling growth rate, due to higher nutrient content and cation
exchange capacity of nest soil (Leal et al., 2007). In addition, soil penetrability
is three times higher in ant nests than in random sites (Leal et al., 2007). Thus,
ant nests may provide a deep, soft, nutrient-enriched and moist substratum that
promotes seed germination and enhances seedling performance, particularly at
sites covered by shallow and rocky soils, which are very common in Caatinga (Leal
et al., 2007).

Effects of Chronic Disturbance
Overgrazing by livestock and the continual extraction of forest products are important drivers of chronic anthropogenic disturbances in Caatinga, which can lead
to the gradual extirpation of woody plant species (Ribeiro et al., 2015, 2016) and
alteration of vegetation structure (Ribeiro et al., 2015, 2016), increased species similarity in sites under higher level of disturbance (i.e. biotic homogenization) for both
plant and ant assemblages (Ribeiro-Neto et al., 2016), and impoverished stocks
of soil nutrient (Schulz et al., 2016). Leal et al. (2014b) investigated the effects of
chronic anthropogenic disturbance on myrmecochory in Caatinga vegetation near
Parnamirim municipality (8°5’S; 39°34’W; 393 m asl) in the state of Pernambuco.
They used five surrogates of chronic disturbances (density of people and livestock,
and proximity to urban center, houses and roads), which were combined in a disturbance index through a principal component analysis. All these surrogates have been
shown to individually have negative effect on species richness and composition for
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Figure 6.2.
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Number of interactions (a), number of removals (b) and mean removal distance
(c) of seeds from Jatropha mollissima (black circles) and Croton sonderianus (open
circles) by high-quality (HQ) seed disperser ant species over an anthropogenic
disturbance gradient in Brazilian Caatinga (modified from Leal et al., 2014b). Zero
and 100 represent the extreme values of disturbance that represents sites under the
lowest and highest human disturbance pressure, respectively. General linear models
indicate that number of interactions (F = 9.12, df = 1, p < 0.001), number of removals
(F = 6.83, df = 1, p<0.001) and removal distances (F = 7.94, df = 1, p < 0.0001) were
negatively affected by disturbance for Jatropha mollissima, but not affected for Croton
sonderianus (number of interactions: F = 5.82, df = 1, p = 0.09; number of removals:
F = 3.81, df = 1; p = 0,45; removal distance: F = 0.64, df = 1, p = 0.42).
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both plant and ant assemblages (Ribeiro et al., 2015; Oliveira et al., 2016; Ribeiro-
Neto et al., 2016).
Their first important result is that overall ant disperser composition varied
markedly with disturbance. The abundance of the two key high-quality disperser
ants (Dinoponera quadriceps and Ectatomma muticum) decreased with disturbance, whereas a range of low-quality dispersers (species of Pheidole, Solenopsis,
Camponotus and Crematogaster) were positively associated with disturbance (Leal
et al., 2014b). Dinoponera quadriceps, like many other specialist predator ants
(Hoffmann & Andersen, 2003), is very sensitive to habitat disturbance (Leal et al.,
2012). This species provides a key ecological service to myrmecochorous plants in
Caatinga, accounting for 97 percent of all removals farther than 2 m, and 100 percent of all removals beyond 5 m (Leal et al., 2014b).
These disturbance-mediated changes in seed disperser composition had important effects on ant dispersal services in terms of the number of ant-seed interactions,
number of removals and removal distances (Figure 6.2). Of the myrmecochore
species assessed, Jatropha mollissima bears the most attractive elaiosome to high-
quality disperser ants (Leal et al., 2014a), and thus the dispersal services it receives
were particularly affected by disturbance (Figure 6.2). Conversely, the interaction
with high-quality seed dispersers was not affected by disturbance for Croton sonderianus, because this species has the least attractive elaiosome (Figure 6.2; Leal
et al., 2014a).
We also investigated the influence of chronic anthropogenic disturbance on two
post-dispersal services provided by Dinoponera quadriceps: protecting seeds from
predators and promoting seedling establishment (Arcoverde, 2012). We measured
insect seed predation and seedling richness and densities on D. quadriceps nest
refuse piles and in adjacent control areas along the same chronic disturbance gradient investigated by Leal et al. (2014b). Although ant nests presented lower seed
predation, and higher seedling richness and densities compared to control areas, no
relationship with anthropogenic disturbance was detected (Figure 6.3). This result
indicates that although disturbance markedly reduces rates of seed removal by D.
quadriceps and the distances seeds are removed, post-dispersal services are maintained even in areas under higher level of chronic disturbance pressure.

Effects of Climate Change
Few studies have addressed the influence of climate change on myrmecochory. Warren
II et al. (2011) demonstrated that warming temperatures act as the primary phenological cue for plant fruiting, but that the key seed disperser, Aphaenogaster rudis, fails
to emerge during early fruit set (Chapter 5). Under a future climate there might therefore be a temporal mismatch between seed fall and the foraging activity of the key seed
disperser. However, Stuble et al. (2014) argue that ant-seed dispersal mutualisms may be
more robust to increased temperature than currently assumed. There are no published
studies of the interaction between disturbance and climate change. To fill this gap, we
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Figure 6.3.
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Seed predation (a), seedling richness (b) and seedling abundance (c) on Dinoponera
quadriceps nests (black circles) and control areas (open circles) over an anthropogenic
disturbance gradient in Brazilian Caatinga (modified from Arcoverde, 2012). Zero
and 100 represent sites under the lowest and highest human disturbance pressure,
respectively. General Linear Models indicate that Dinoponera nests presented lower
values of seed predation (F = 57.08, df = 1, p < 0.001) and higher values of seedling
richness (F = 74.30, df = 1, p < 0.001) and abundance (F = 84.52, df = 1, p < 0.001) as
compared to control areas, but anthropogenic disturbance did not affect these variables
(seed predation: F = 0.37, df = 1, p = 0.543; seedling richness: F = 1.93, df = 1, p = 0.167;
seedling abundance: F = 0.661, df = 1, p = 0.416).
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are currently conducting a Long-Term Ecological Project (see www.peldcatimbau.org)
investigating the interactive effects of chronic disturbance and decreasing rainfall on
myrmecochory in Caatinga vegetation of Catimbau National Park (8º30’S; 37º20’W;
350–1100 m asl). The Park is an ideal system for investigating such interactive effects, as
it has a substantial resident population that continues to use natural resources and has a
steep gradient in mean annual rainfall from 1100 to 480 mm. We have estimated chronic
anthropogenic disturbance using surrogates of human use (proximity to urban center,
houses and roads) and direct metrics measured on our plots (number of livestock feces,
length of livestock trails and number of stumps) also combined in a disturbance index
through a principal component analysis. For the rainfall gradient, we used mean annual
precipitation within each plot obtained from the updated WorldClim global climate
data repository (www.worldclim.org) with a 1-km resolution rainfall.
Preliminary results suggest that disturbance and rainfall have different effects
on different myrmecochore species (Oliveira, unpublished data). For example,
decreasing rainfall has a stronger negative effect on seed removal rate and removal
distances of Jatropha mutabilis than does increasing chronic anthropogenic disturbance, whereas neither had an effect on either seed removal or removal distance
for Croton nepetaefolius (Figure 6.4). As was the case in the Parnamirim study,
Dinoponera quadriceps was the most important seed disperser in Catimbau, being
responsible for 62 percent of removal events with a mean removal distance of 7.3
m (Oliveira, unpublished data). Dinoponera quadriceps reduced its dispersal services in dryer and more disturbed areas for Jatropha mutabilis diaspores (the species
with the highest absolute and proportional elaiosome biomass), but it remained
unaltered for Croton nepetaefolius (the species with the smallest absolute and proportional elaiosome biomass, Oliveira, unpublished data). Its abundance declined
markedly with decreasing rainfall, but was not affected by disturbance (Figure 6.5,
Arcoverde, unpublished data). However, its removal rates were lower at sites with
lower rainfall and higher disturbance (Figure 6.4a, b), which suggests that disturbance changes ant behavior toward diaspores. We found no interaction between
disturbance and rainfall (Figures 6.4 and 6.5).
Our findings suggest that myrmecochory in Caatinga is sensitive to variations in
both rainfall and chronic disturbance, although rainfall has a stronger impact. This
is consistent with effects on other taxa (plants, ants and other insects) and other
ant-plant interactions (extrafloral nectary-bearing plants and ant attendants) we
are investigating in our LTER project. Thus, the rapid climatic change in the region
will probably have stronger effects on Caatinga biodiversity, functions and services
than continued chronic disturbance.

Conclusions and Future Directions
The studies described here have provided important information on the distribution
of myrmecochorous species in Brazilian Caatinga, their interactions with ants and
the influence of chronic anthropogenic disturbance and decreasing rainfall on this
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Figure 6.4.

Removal rate (a, b) and mean removal distance (c, d) of seeds from Jatropha mutabilis (black
circles) and Croton nepetaefolius (open circles) by seed disperser ant species over rainfall and
anthropogenic disturbance gradients in Brazilian Caatinga (Oliveira, unpublished data).
Zero and 100 represent sites under the lowest and highest human disturbance pressure,
respectively. General Linear Models indicate that removal rate of Jatropha mutabilis seeds
was affected by both rainfall and disturbance (whole model: F3,15 = 5.67, p < 0.01, rainfall: p
< 0.01, disturbance: p < 0.01, interaction rainfall*disturbance: p = 0.85), while removal
distance was related only to rainfall (whole model: F3,15 = 3.26, p = 0.05, rainfall: p= 0.04,
disturbance: p= 0.07, interaction rainfall*disturbance: p = 0.23). For Croton nepetaefolius
results were not significant for either seed removal (whole model: F3,15 = 2.70, p = 0.08,
rainfall: p= 0.14, disturbance: p= 0.20, interaction rainfall*disturbance: p = 0.08) or
removal distance (whole model: F3,15 = 1.36, p = 0.29, rainfall: p= 0.58, disturbance: p=
0.23, interaction rainfall*disturbance: p = 0.17). In all models the interaction between
rainfall and disturbance was not significant.

dispersal syndrome. All these results together indicate that, despite a high diversity
of seed dispersing ant species, Caatinga has only a limited number of high-quality
seed dispersers, and these are functionally very different from other disperser species
in terms of distance dispersal and response to chronic anthropogenic disturbance.
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Dinoponera quadriceps abundance over rainfall (a) and anthropogenic disturbance
(b) gradients in Brazilian Caatinga (Arcoverde, unpublished data). Zero and 100 represent
sites under the lowest and highest human disturbance pressure, respectively. General Linear
Model indicate that Dinoponera quadriceps abundance decreased with decreasing rainfall,
but it was not affected by disturbance; interaction between rainfall and disturbance was
not significant (whole model: F3,15 = 4.99, p = 0.01, rainfall: p < 0.01, disturbance: p = 0.82,
interaction rainfall*disturbance: p = 0.76).

In particular, the species responsible for most long-distance dispersal is highly sensitive to disturbance, and so dispersal distance decreases markedly with increasing
disturbance. However, the post-dispersal services of this species are maintained in
disturbed areas, decreasing seed predation and increasing seedling recruitment in
the nest vicinity. Rainfall appears to have a stronger effect on removal rates and
distances than does disturbance, both declining with increasing aridity. Increasing
disturbance and declining rainfall have important longer-term implications for
recruitment of myrmecochorous plants, and therefore future vegetation composition and structure.
Our studies have also provided important insights into myrmecochory more generally. Despite the prominence of myrmecochory as a dispersal syndrome globally, the benefits to plants in having their seed dispersed by ants remain unclear.
enriched microsites
Potential benefits include directed dispersal to nutrient-
(Beattie, 1985; Hanzawa et al., 1988), protection from predators (Heithaus, 1981;
Smith et al., 1989) or fire (Berg, 1975; Hughes & Westoby, 1992) and distance dispersal (Andersen, 1988; Higashi et al., 1989; Boyd, 2001). A notable feature of
myrmecochory is that it occurs almost exclusively in plants of small stature (herbs
and shrubs), and we have shown that this is also the case for myrmecochory in
Caatinga euphorbs (Leal et al., 2015). We point out that distance dispersal is the
only proposed benefit where plant stature is relevant, which strongly suggests that
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the primary benefit of myrmecochory to plants is related to distance dispersal, and
in particular the avoidance of parental and sibling competition (Leal et al., 2015).
The apparent primacy of distance dispersal as a benefit of myrmecochory to
plants places a premium on large-bodied disperser ant species, given that dispersal
distances are so strongly related to body size (Ness et al., 2004). Notably, these high-
quality seed dispersers are especially sensitive to habitat disturbance and apparently
to increased aridity. This represents a double jeopardy for Caatinga myrmecochores,
given high human pressure and projected lower rainfall under global climate change.
A priority for future research is to examine in more detail the interactive effects
of increasing disturbance and aridity on the seed-dispersal services provided by
ants in Caatinga not observed so far. We also need a better understanding of the
consequences of such effects for plant populations. For example, a feasible scenario
is that the creation of open areas by disturbance has a negative impact on high-
quality seed-disperser ants, and that this has a negative impact on larger-seeded
plant species that tend to be larger in stature, thus maintaining habitat openness.
Finally, we also need a better understanding of the growth and survival of seedlings
located near ant nest entrances, disentangling the effects of changed soil conditions
and protection from herbivores. Such future research would benefit our understanding of myrmecochory not only in Caatinga, but also in other arid environments where there are just a few high-quality ant dispersers that are highly sensitive
to habitat disturbance and climate change.
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