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SIMILARITIES BETWEEN GREATER
ROADRUNNER (GEOCOCCYX CALIFORNIANUS)
BIRDS AND MULGUA (ACACIA ANEURA)
SHRUBS: A REVIEW OF EXTREME ADAPTATIONS
TO DESERT ENVIRONMENTS

Faith Lambert, Niki Hakimi, Faith Manning, & Geoffrey Tong

ABSTRACT: This literature review paper will focus on the Greater Roadrunner (Geococcyx
californianus) of the Southwestern U.S. and the Mulga shrub (Acacia aneura) of Australia. The
former is one of the fastest running, flightless birds on the planet, and the latter is an evergreen shrub
capable of growing to incredible heights. Greater Roadrunners and Mulga shrubs demonstrate
remarkable adaptations that enable survival in the so-called harsh environments of North
American deserts and arid regions of central Australia. In this paper, we will examine the Greater
Roadrunner s salt-secreting nasal glands and the Mulga's phyllodes as extraordinary adaptations
to the desert biome. Additionally, we will explain the ecological roles of G. californianus and A.
aneura in their respective habitats, including how their adaptations to the desert biome influence
such roles and ecological interactions. Finally, we will examine how human actions have affected
each species, taking into account direct and indirect threats and any actions taken to correct them.

Introduction

he species of choice in this review paper

are the Greater Roadrunner (Geococcyx
californianus) and the Mulga shrub (Acacia
aneura). The former is one of the fastest running
(and flightless) birds on the planet, capable of
reaching up to 25 miles per hour (40 km/h); the
latter is an evergreen shrub capable of growing
upwards of 15 to 25 feet (4.5 to 7.5 meters) in
height. Both species have very large habitat
ranges (Figures 1, 2, and 3).

We selected G. californianus and A. aneura
for this review paper because a considerable
amount of research on them is available, yet
is not exhaustive and can be explored further.
The availability of published research of
these species is decent, but could improve;
particularly, the literature is skewed to be
primarily from the 1970s and 2010s. We want
to encourage further research on these species,
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especially since there could be more to their
story regarding human influence and impacts.
Both species are not considered endangered or
vulnerable as of yet, but with what little research
there is, we cannot assume that will not change
in the near future. The Greater Roadrunner and
Mulga bush are both desert-dwelling species
that provide necessary ecological roles in their
respective geographies. However, they are not
discussed or recognized for their importance as
much as say, the saguaro cactus or camel. We
chose these species to further emphasize the
need for diversity in research and conservation
efforts.

The Greater Roadrunner is found in North
American deserts, most commonly in the
southern central to southwestern United States
(Kelley et al. 2011). The deserts encompassed
by the range of G. californianus are the Sonoran
and Chihuahuan (Rylander 2002; Smith 2017).
The Sonoran Desert is known for being the
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hottest of all four North American deserts.
During winter- and springtime, the northwestern
region of the desert experiences variable
precipitation gradients, while the southeastern
region experiences monsoonal rainfall in the
warmer seasons. The inland Sonoran Desert
regularly reaches freezing temperatures, but
those events last less than 24 hours and are
typically most extreme in the northeastern
section. Heterogeneous landscapes dominate
this desert as a result of strong cold-air drainages
(i.e. temperature inversions) across the biome.
Recent trends indicate that the Sonoran Desert
is warming more in the winter and spring, and
the freeze-events are shortening (both in length
of time and temperature severity) (Weiss and
Overpeck 2005). As for the Chihuahuan Desert,
it is the second largest desert in North America,
occupying over 54,000 mi? (140,000 km?) of
land including parts of Mexico and Texas.
Having hot summers and dry cold winters, the
Chihuahuan Desert is also known for having
higher amounts of rainfall than many other
deserts, with an average annual precipitation
as high as 20 in (500 mm). Due to climate
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Figure I: The Sonoran Desert boundary (Weiss and
Overpeck 2005).
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change, the average temperatures are projected
to rise by a few degrees and potentially decrease
precipitation across the region (Briggs et al.
2020).

The Mulga plant is found in central (arid)
Australia, particularly in the Great and Little
Sandy, Gibson, Great Victoria, Tanami, and
Simpson Deserts (Morton et al. 2011). These
deserts contain rudosol and tenosol soils (sandy
ground with low fertility), and spinifex grassland
and acacia shrubland dominate their vegetation
landscape. Like any desert, the 4. aneura habitat
is characterized by severe rainfall variability,
extended droughts, occasional flooding, and
widespread nutrient poverty (specifically, low
phosphorus levels). This region is especially
fire-prone because of these abiotic stresses and
the biotic response to the stresses (i.e. excess
carbohydrate plant products, such as saps or
oils, and detrivore abundance) (Morton et al.
2011).

In general, deserts are perceived as “hostile”
or “extreme” environments. For species adapted
to other conditions, this is true; however, desert

Figure 2: The Chihuahuan Desert boundary
(Schmidt 1979).
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flora and fauna have adapted to these particular
conditions in a way that allows them to survive
and reproduce. For instance, because of the
extremely hot and arid climates in the Sonoran
and Chihuahuan Desert, the Greater Roadrunner
ismore likely to survive because of salt-secreting
glands near their eyes that remove excess salt in
their bodies and conserve water (Ohmart 1972).
Similarly, to counteract and survive in the hot
and arid climates of the Australian deserts, the
Mulga shrub has phyllodes with fewer stomata
and thicker cuticles that reduce water loss
(Winkworth 1973).

In this paper, we will document the importance
of— and additions to— the Greater Roadrunner
bird’s salt-secreting nasal glands and the Mulga
shrub’s phyllodes. Additionally, we will explain

the ecological roles of G. californianus and A.
aneura in their respective habitats, including
how their adaptations to the desert biome
influence such roles and ecological interactions.
Finally, we will examine how human actions
have affected each species, taking into account
direct and indirect threats and any actions taken
to correct them.

Extreme Adaptations

In arid regions, animals and other living
organisms have adapted to maintaining the
amount of water needed to survive. One such
example ofthis desert specific extreme adaptation
are the salt-secreting nasal glands located
below the eyes of Greater Roadrunners. These
glands act as an electrolyte balancer, excreting
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Figure 3: Vegetation formations in central arid Australia, including the Mulga shrub habitat boundaries

(Morton et al. 2011).
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excess salt from their bodies, allowing for the
conservation of water as excessive salt can lead
to dehydration. Compared to their urinary tract
and kidneys— the systems that most birds use
to get rid of excess salt— these salt-secreting
glands are better at reducing the amount of
water lost in the process. A comparative study
written by Ohmart (1972), found that the salt-
secreting nasal gland in G. californianus had
the greatest survival value for the young during
the nestling period (Table 1). The platform nests
are primarily found in round stemmed cactuses
which allows for direct sunlight and occasional
shade. At around 4-5 days old, the young black-
skinned roadrunners will absorb solar radiation
to passively increase their body temperature after
the freezing desert nights. They also use gular
fluttering and cutaneous evaporation to control
their body temperature once the environmental
temperature begins to climb. One trade-off with
these adaptations is that the roadrunner could
lose excess amounts of water; the excretion
of salts by their salt-secreting nasal glands are
used to counterbalance the water lost in gular
fluttering and cutaneous evaporation (Ohmart
1972).

Another water conserving adaptation is
found in the modified leaves (phyllodes) of
Mulga shrubs. Phyllodes reduce the water
lost through transpiration as they have fewer
stomata and thicker cuticles compared to
regular leaves (Winkworth 1973). Research
by Wujeska-Klause et al. (2014) observed that
this anisohydric species has a large capacity
to tolerate or adjust to strongly negative water
potentials in the phyllodes. Moreover, their
study of Mulga phyllodes found that the stomata
remain open for a long time during medium-
intensity droughts to ensure carbon balance,
but run the risk of drought stress if the Mulga
plant becomes too water-deficient. To prevent
this, the stomata remain fully open and then
sharply close, once soils become relatively
too dry. Additionally, these phyllodes have
granular hairs that produce sticky, shiny resin
that protects them from heat and water loss
(Groom et al. 2015). Although these modified
leaves have adapted to conserving water, they
have also adapted defensively, as phyllodes
have been found to secrete extrafloral nectaries
(EFNs), which attract ants. These ants then
act as protectors against insectoid herbivores
(Marazzi et al. 2013).

TasLe 1—HRATIOS BETWEEN MASAL GLANDE AND BODY WEIGHTS IN ROADRUNNERS OF
VARIOUS AGES
Gland weight (img)

Age Body weight HRatio
(days)  Baght Left Total (k) (mg/kg)
2:5 240 20 440 00287 139
30 1B 2-6 54 0-0317 170
35 2.7 28 55 0-0418 131
35 23 -0 5% 0420 128
55 41 39 30 0445 179
740 +1 43 a4 0640 131
L e a5 (2] 128 = 10000 125
20 40 39 79 (11602 74

140 540 4 0.4 O-1150 86
Adule 60 57 117 02491 4
Adule hh &40 146 (2930 49
Adule 85 g0 16:5 #3137 52

Table 1: The ratio between nasal glands weight (mg) and body weight (kg) in G. Californianus

by age (Ohmart 1972).
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A paper written by Page et al. (2011) found
that within the Mulga complex, the phyllode
shape varied between landscape positions.
Phyllodes that had a terete form were found to
be dominant on hill slopes, whereas phyllodes
that had a broad form were most commonly
found in valley woodlands. Although less
distinct, single stemmed forms were found
more commonly on hills, and those with multi-
stemmed form were found in the valleys (Table
2 and Figure 4). They determined that landscape
position strongly influences phyllode shape in
A. aneura, but not in other Acacia complexes.

They also determined that water availability
may be responsible for the differences in
phyllode shape, as they may be reflected by
differences in water use and drought tolerance
among varieties of 4. aneura (Page et al. 2011).

Ecological roles

In the study by Kelley et al. (2011), the
researchers noted a preference for woody shrub
cover across both sexes of G. californianus.
Specifically, male and female Greater
Roadrunners prefer woody shrub cover for

Table 1. Phyllode size and shape of four Acacia species, and three phyllode variants of A, anewra
Mean values bolded, and standard errors given in parentheses. Data is untransformed. Lowercase letters denote significant groupings from Tukey's Honestly
Significant Difference post-hoc tests when one-way ANOVA P<0.05

Length (mm) Width {mm) Thickness (mm)

H Min Mean Max, Mlin. mean Max, M, Mean Max
A. ayersiana 1400 455 65.4ab (0.66) 205 760 123a(0.16) 178 031 0.48a (0LG) 0,72
A. catemdata 240 297 80.2c (0.55) 1332 097 6306 (0.07) 14 0.15 D.41b (0.003) 087
A, minyura 220 8.39  26.7d(1.08) 453 239 586c(0.13) 108 031 046ab (0.006) 0,72
A, aneura (terete) 1617 T40  6Lba (034) 1154 046 LOLd (001 223 0.25 Obde (0.0D4) 150
A, anewra {narrow) I 560 239 66.3b (0.44) 1489 048 1.62e (0.02) 499 020 0.56d (0.004) 118
A, anewra (broad) 1440 19.2 63.5a (0.36) 1146 065  LIBM(003) 103 017 04Ta{0003) 099

Table 2: The lengths, widths, and thicknesses of phyllodes for four Acacia species, and three phyllode

variants of 4. aneura (Page et al. 2011).
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Fig. 7. Relative dominance (%) of phyllode variants and species by landscape position. Terete and narrow phyllode variants of Acacla amewra were
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Figure 4: Relative dominance of phyllode variants by landscape position (Page et al. 2011).
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nesting, roosting at night, and thermal refuge.
Both sexes were also observed to strongly
prefer mesquite woodland and mesquite
savanna, but males have a weaker preference for
riparian woodland. At a moderate preference,
female roadrunners were observed to use
the riparian woodland for post-breeding and
nesting grounds. In times of resource scarcity,
individuals within a G. californianus population
will increase their home ranges (i.e. daily travel
for food and water, and locations of nesting or
roosting grounds).

Additionally, roadrunners are territorial; there
is very little overlap for male-male or female-
female territories, yet there are relatively larger
overlaps of male-female territories (Kelley et
al. 2011). This can be attributed to the fact that
Greater Roadrunners mate for life: they live in
the same territory for years at a time with their
mate and co-defend it from competitors and
potential nest predators (Folse 1978). During
non-breeding seasons, mating pairs will forage
together. In contrast, during breeding and nesting
season, they hunt synchronously and separately
to maximize food catch for their chicks (Folse
1978).

While adult roadrunners eat mostly insects
and small vertebrates (like mice), they feed their
chicks much larger prey, such as the whip-tailed
lizards. Their diet provides them with enough
water to live in the desert, and by providing
their chicks with large amounts of food, they
maximize the chances of their offsprings’
survival (Ohmart 1973). In general, Greater
Roadrunners are preyed on by raptors (i.e. Red-
tailed Hawks (Buteo jamaicense), Cooper’s
Hawks (Accipiter cooperii)) and ground
predators (i.e. bobcats (Lynx rufus)). Males are
typically more vulnerable to predation during
mating season. Specifically, their behavior—
such as displays and calls from perches, courting
females, and chasing competitors— makes
them easier to spot and less focused on predator
awareness (Kelley et al. 2011).

The Mulga shrub habitat is limited by
competition with grassland, specifically the

14

Triodia and Spinifex grasses of Australia.
It is not as common for Spinifex to be in
competition with A. aneura because of its
coastal habitat preference, so the Mulga shrub
is often in nutrient and land competition with
Triodia grasses in central Australia (Nano
and Clarke 2009). In addition to interspecies
competition with grasses, the Mulga shrub
populations’ ability to establish and expand in
an arid environment is constrained by wildfires,
especially the frequencies and intensities. In a
study by Nano and Clarke (2009), researchers
found that wildfire frequency and intensity can
be influenced by the density and abundance of
the grasses in the same area as the Mulga shrubs.

Additionally, the severity of these constraints
fluctuates with elevation and rainfall variability.
For instance, higher elevation and more rainfall
promote more shrubland seedling establishment
only if the competitive grasses’ return after
a fire is disrupted. Moreover, Mulga shrubs
grow and mature slowly, while grasses grow
and mature rapidly; if wildfires are frequent
in the shared habitat, this puts Mulga shrubs
at risk for permanent immaturity, but not the
grasses. Lastly, the research by Nano and
Clarke (2009) found that grasses are more
likely to invade shrubland than shrubs are likely
to invade grasslands, and that Triodia presence
significantly lowers all competitor’s chances of
survival, including shrubs and other grasses.

Although wildfires are typically detrimental
to a Mulga shrub population, they can be
beneficial if they are of low-grade intensity. Fire-
stimulation has been shown to help Mulga seeds
germinate; however, this should not be taken as
“fire-dependent.” Often, Mulga shrub seedlings
are observed after heavy rainfall/wet-seasons,
which proves the lack of fire-dependency for
successful reproduction in this species. More
importantly, mature A. aneura can be killed
off during extreme/intense wildfires; there is a
positive relationship between Mulga mortality
and fire intensity (Silcock et al. 2017, Figure 5).
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Lastly, many herbivorous species graze on A.
aneura. These species include mammals such
as sheep and kangaroos (Terpstra et al. 1989),
as well as insectoids such as grasshoppers and
termites (Andersen et al. 1990). These species
feed on their leaves (phyllodes), the main
photosynthetic structure of the Mulga trees.
As a defense mechanism, Mulga trees act as a
source of nectar for ants, who protect the leaves
(phyllodes) of the trees against herbivores,
creating a mutualistic relationship between
them.

Conservation and Human Impacts

Based on the current population size
(roughly 1.4 million mature individuals), the
population’s steady annual growth, and the
large habitat range of Geococcyx californianus,
the species is considered “Least Concern”
for conservation status (Greater Roadrunner
(Geococceyx californianus) - BirdLife species
factsheet). Because of their preference for
woody-shrub ground cover over grassland,
Greater Roadrunners are sensitive to habitat
fragmentation. This landscape vegetation
preference has been observed in both sexes by
Kelley et al. (2011); the study of G. californianus
home ranges concluded that both male and
female roadrunners strongly avoid grassy
cropland. If agricultural development and urban
expansion overlaps with the home range of
a local roadrunner population, they are more
likely to undergo habitat fragmentation rather
than adjusting their home range to be farther
away from human activities.

Aside from urbanization, another human
factor found to be problematic for Greater
Roadrunners has been climate change. In 1973,
Robert Ohmart released a paper that studied
the breeding adaptations of roadrunners. In
this paper he determined that the approach of
hot, dry seasons reduced roadrunner clutch size
and nestling weights. This adaptation for the
roadrunner increases their relative fitness in
the fluctuations of desert conditions. However,
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as global warming continues at an accelerating
pace, clutch sizes and nestling weights will
continue to drop, which will impact the
reproductive success of the species. Despite
the current and potential threats to the Greater
Roadrunner, this species has unique adaptations
that allows them to thrive in harsh environments
and to continue to adapt to the changing
conditions of their habitats.

Similarly, Acacia aneura has been assigned
“Least Concern” status due to the current
population of approximately 68,000 mature
individuals, it’s steady annual growth,
and the large habitat range of this species
(Communications, 2014 Oct. 20). In central
Australia, agricultural activities and livestock
grazing have increased over the past several
decades. Because of the pressure to preserve the
land for these activities, routine fire-cleansing
has been suppressed (Silcock et al. 2017).
Historically, low-intensity fires in the grasslands
and shrublands have benefited the arid
landscape of Australia. Naturally, fire consumes
lots of nutrient resources in an environment;
however, when it happens on a relatively small-
scale, it has been observed to also free any
trapped nutrients to be recycled back into the
lowly fertile soils (Morton et al. 2011). So, if
the fire-cleansing cycle is interrupted, it leads
to more extreme nutrient poverty in the desert
soils. More importantly, when older, drier,
oily vegetation is not regularly cleared out
via smaller wildfires, it results in a buildup of
fire-prone biomass that can cause much larger,
more detrimental wildfires (Silcock et al. 2017;
Dyer et al. 1997). According to a dynamics
study conducted by Silcock et al. (2017) in
Queensland, 4. aneura mortality has a positive
relationship with wildfire severity (Figure 5). In
addition to the threat of wildfires, 4. aneura is
very vulnerable to invasive herbivore species,
particularly forging and grazing (Anderson et
al. 1997; Brown 1985).
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Fig. 3. Relationship between fire severity (measured as average diameter of branches remaining on
20 burnt shrubs along each transect) and (@) total tree basal area (metres per hectare); and (b) mulga
mortality (% killed). Spearman’s rank correlation (p) coefficients for each are given.
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Figure 5. a) Significant, moderate positive correlation between wildfire severity (cm) and total shrubland
area burnt (p = 0.588, P < 0.001). b) Significant, strong positive correlation between wildfire severity (cm)
and Mulga mortality (%) (p =0.771, P <0.001) (Silcock et al. 2017).

Conclusion

The Greater Roadrunner bird (Geococcyx
californianus) and the Mulga shrub (Acacia
aneura) demonstrate the remarkable adaptations
that enable survival in the so-called harsh
environments of North American deserts and
arid regions of central Australia. The extreme
adaptations of the Greater Roadrunner, such
as salt-secreting nasal glands, and the Mulga
shrub, with their modified leaves (phyllodes),
underline the complex interaction between
species and their environments. These
adaptations contribute to the ecological roles of
these species, shaping their interactions within
their habitats. This paper has highlighted the
importance of understanding the complexities
of the Greater Roadrunner’s and Mulga shrub’s
roles in their respective ecosystems, showing
that there is a fine balance that sustains life in
seemingly inhospitable environments.

Moreover, the examination of human impacts
on these species highlights the need for
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conservation efforts. Habitat degradation due
to urbanization presents a significant threat to
Greater Roadrunners, disrupting their territories
and diminishing essential resources. Similarly,
the suppression of routine fire-cleansing
in central Australia, driven by agricultural
activities, threatens the Mulga shrub’s habitat
and exposes it to the risks of larger, more
destructive wildfires. These findings underline
the urgency of addressing man-made impacts
and implementing measures to protect the
unique adaptations and ecological roles of these
species.
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