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This entry provides information regarding the proposed functions of the anuran froth nest as a mucous-based
solution to the environmental challenges offspring face during development, with consideration of the functions of
froth nest breakdown and communal froth nesting, as well. The adults of several anuran amphibian species deposit
their eggs externally in mucus secretions that are purposely aerated to produce a froth nest. This type of clutch
structure has evolved independently several times in this group and has been proposed to serve a variety and
often simultaneous adaptive functions associated with protecting offspring from sub-optimal conditions during
embryogenesis and later stages after hatching has occurred. These functions range from buffering offspring from
sub-optimal temperatures and desiccation, to defending against predation and improving oxygenation. This
versatility has likely helped facilitate the reduced reliance of egg development on water and thus the penetration of

anurans into environments where permanent aquatic systems are not always available.

foam nest Anuran Amphibians mucus bubble nest reproductive behaviour

froth nest

| 1. Introduction

There is a great diversity of environmental settings in which froth nests are built, including aquatically on water
surfaces or margins 2, terrestrially on moist forest floors or in burrows B4, and arboreally attached to plant
structures such as branches and leaves B8, The precursor fluid that constitutes the nest is mucus excreted from
glands located on the skin of amplectant adult pairs I, or as cloacal fluid from the female & or male &, which is
released prior to egg extrusions and then mixed with water obtained from the surrounding environment in aquatic
species &, or expelled from the bladder in terrestrial/arboreal species [29. |t has been suggested for several
species that the froth is actually a combination of both mucus secretions and the outer layer(s) of jelly that surround
each egg 1112 This mixture of mucus, water and possibly jelly is subsequently aerated, which involves highly
synchronised movements by the adult pairs while in inguinal or axillary amplexus, though may include assistance
from additional non-amplectant males in some species 2. This results in the production of nests composed of

either foam or bubbles (Figure 1) 14231161 Kot of which are collectively defined as ‘froth nests’ 12,
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Figure 1. Vertical sections of bubble and foam nests produced by anurans. The left panel shows aquatic nests
produced by; (A) Chiasmocleis leucosti—eggs laid within a thin bubble nest, (B) Limnodynastes tasmaniensis—
eggs laid below a bubble raft, (C) Limnodynastes peronii—eggs laid throughout a bubble nest, and (D)
Engystomops pustulosus—eggs laid within the core of a globular foam nest with an egg-free cortex. The middle
panel shows terrestrial nests produced by; (E) Leptodactylus labyrinthicus—eggs dispersed throughout a globular
foam nest except for the top surface, and deposited in an uncapped burrow, and (F) Leptodactylus bufonius—eggs
dispersed throughout a globular foam nest except for the top surface, and deposited in a capped burrow. The right
panel shows arboreal nests produced by; (G) Chiromantis xerampelina—eggs laid in a globular foam nest with an
egg-free cortex, and (H) Rhacophorus malabaricus—eggs dispersed throughout a globular foam nest. Eggs with
pigment are shown in black while unpigmented eggs are shown in pale yellow. Colourless circles depict the relative

size of air bubbles that form the nests of foam and bubble nesting species.

| 2. Benefits of Froth Nesting

Currently, five main adaptive functions of froth nesting have been proposed, including increasing egg temperature,
buffering eggs against sub-optimal temperatures, protection against desiccation and predation, and improved

oxygenation. These are addressed in detail below.

2.1. Increasing Egg Temperature

Environmental temperature influences a variety of processes in anuran offspring, which has subsequently driven
both behavioural and physiological adaptations key for reproduction in thermally stressful environments 22, Laying
eggs in froth may alter the thermal conditions they are exposed to prior to hatching (and following hatching if they

remain within the nest), creating an internal environment that accelerates growth.
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Empirical evidence for the heating effect of froth nesting has been shown to be contradictory among studies, even
for those on the same species. For example, work conducted by Dobkin and Gettinger (18] showed that the internal
temperature of Engystomops pustulosus froth nests warmed more rapidly via solar radiation than the surrounding
air, exceeding ambient temperatures by as much as 4 °C during the day. However, Downie 22 found no thermal
effect of froth nesting in this species across all but later stages of development, alluding to a possible flaw in
Dobkin and Gettinger's 18 study as they only measured temperatures on late stage nests that had already begun
to break down and when tadpoles had already started to hatch. For eggs laid aquatically, the heating benefits of
frothing are obtained as the nest floats on the surface of the water where eggs can be exposed to direct solar
radiation, which likely increases internal temperatures more rapidly compared to eggs laid below the surface 29,
Here, the low albedo of anuran eggs, which are commonly black, may play a critical role in this process of heat
absorption 2L, While the froth nest has been suggested to provide a thermally advantageous environment that
allows for rapid development 18 experimental evidence of increased developmental rate as a result of the
presence of froth is currently lacking.

Countering this proposed heating benefit of froth nesting, it has also been suggested that the high albedo of
aerated secretions, which turn white as a result of the incorporation of air bubbles and become reflective as their
surfaces dry (Figure 2), protect eggs from insolation, thereby keeping temperatures down 2223, Yet, Dobkin and
Gettinger 18 showed that the frothed nests of E. pustulosus did not reflect significant amounts of solar radiation,
suggesting that the high albedo of the nest does not serve to protect against overheating. Instead, the process of
drying has been suggested to produce a partially water-proof barrier that may remain flexible and resistant to
cracking (29, thereby preventing evaporative cooling 181241,

&2
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Figure 2. Freshly oviposited Lechriodus fletcheri froth nest next to the un-frothed egg mass of a sympatric species.
Note that the froth nest is floating at the surface of the water, with eggs surrounded by aerated mucus with high
albedo, while the un-frothed mass is below the water and surrounding by translucent jelly layers. The nest was

observed in the Watagan Mountains, NSW, Australia during the Austral summer of 2018.

2.2. Insulation against Sub-Optimal Temperatures

Evidence has also been obtained to suggest that the froth nest acts to insulate eggs from sub-optimal or variable
environmental temperatures. For example, internal froth nest temperatures have been shown to be lower than that
of the nest surface and surrounding air in several species 2324123 | jkewise, Méndez-Narvéez et al. (28 found
internal temperatures of both aquatic and terrestrial froth nests of Leptodactylus species were lower during hotter
times of the day and higher at night when temperatures decreased, thereby stabilising internal temperatures in
thermally fluctuating environments. As a buffer to the external environment, the froth nests may thus increase the
chances of offspring survival by either protecting them from thermal extremes that would cause mortality or

damage, or by allowing for faster developmental rates.

2.3. Environmental Control of Froth Nest Temperature

Several of these proposed thermal benefits of froth nesting have opposing effects, suggesting that they are
dependent on the conditions of the oviposition site. Indeed, froth nest temperatures are likely to be influenced by
their placement in the environment, as this determines the extent of their exposure to external factors such as air

and substrate (water or ground) temperatures and solar radiation.

The heating benefits of froth nesting in particular is likely restricted to egg laying environments above ground and in
open habitats where direct exposure to solar radiation is possible. For example, increased internal temperatures of
E. pustulosus nests were the result of exposure to solar radiation during the day (8 which is in contrast to
Lechriodus fletcheri nests which did not show increased daytime temperatures, possibly due to dense canopy
cover overhead minimising sunlight exposure (J. Gould, unpubl. data). Nests that are deposited above ground are
also more likely to be exposed to greater fluctuations in temperature that may negatively affect embryo
development 2427 particularly in temperate regions where temperatures can decline severely overnight and in
temporary aquatic systems which are often poor thermal masses given their smaller size and shallowness 18],
Indeed, the eggs of some Leptodactylus species appear to be more thermally insulated in terrestrially compared to
aquatically built nests, which may occur as microhabitat conditions in ground depressions or burrows provide
partial or full protection from air temperature changes 28271, Finally, the extent of temperature variations may also
be attributed to the extent of sunlight exposure. This was demonstrated in nests created by Leptodactylus knudseni
and Leptodactylus labyrinthicus, which although of comparative size and placement within the environment,

exhibited different temperature fluctuations as a result of differences in oviposition habitat openness 24!,

2.4. Anti-Desiccation
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Amphibian eggs are highly vulnerable to desiccation if moisture levels begin to drop given that they are surrounded
by a highly permeable membrane and lack a protective, non-permeable shell 28, This is a physiological challenge
for species that exploit arid or seasonal environments, as well as temporary aquatic systems if rainfall is
intermittent and hydroperiods are frequently below the minimum threshold time required for offspring to complete
development 141191291 | aying eggs within a froth nest has been suggested by several authors to offer them
protection from the immediate risk of desiccating in the absence of moisture L8182I89[31] This may occur in three
ways: (1) Drying of the spawn surface via evaporative water loss results in the formation of a reflective and/or non-
permeable outer layer that reduces the rate of water loss from inner regions of the nest by deflecting solar radiation
and locking in moisture [L3I14181124133] (2) The incorporation of air bubbles results in a relatively larger and
structured spawn body that has an insulating effect, reducing the nest's surface area relative to its volume and
placing distance between the residing eggs and external environment 121341851361 Adults of some species actively
insert eggs into the interior of the nest such that few are left near to the surface, adding to this effect B2, (3) The
process of drying may also preserve this three-dimensional structure of the nest, preventing it from expanding and

thinning out, which would expose embryos to the environment (Figure 3).

Figure 3. Desiccation of the Lechriodus fletcheri froth nest in the absence of freestanding water. Embryos at the
top surface have desiccated after several days out of water while those beneath remain alive and developing.
Drying of the surface has also preserved the three-dimensional structure of the nest. The nest was obtained from
the Watagan Mountains, NSW, Australia during the Austral summer of 2018 and exposed to dry conditions under
laboratory conditions.

2.5. Predator Defence

Anuran eggs are vulnerable to predation as they are laid externally, immobile and often are not provided parental
care (28 Covering eggs in froth may act as a ‘fixed predator avoidance’ trait B9 that reduces predation risk in a
variety of ways: (1) The surface of the froth nest may dry 1913l creating a hard, shell-like protective barrier that is
difficult to penetrate for predators to gain access to the eggs within. (2) If the outer layer of froth has not dried, it

may remain highly adhesive (Figure 4), causing predators that make contact with it to become stuck and, therefore,
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incapacitated before they can reach the eggs 9. (3) Aeration of the nest causes the eggs to become buried within
a comparatively larger and more structured body BZ, reducing the number of eggs near the surface. (4) For
species that lay aquatically, the ability of froth nests to float causes a large portion of eggs to sit out of the water
column, isolating them from aquatic predators 2B |f the spawn are free-floating and not attached to the
edges of the waterbody, they may also form ‘island’ refuges that are difficult for terrestrial predators to reach. Of
course, the probability of successful hatching occurring from froth nests is still highly dependent on predation
pressure, which is influenced by the density of predators near the nest and the presence of other nests nearby that

may relieve this pressure.

Figure 4. Adhesive property of freshly oviposited Lechriodus fletcheri froth nest. The nest was obtained from the

Watagan Mountains, NSW, Australia during the Austral summer of 2017 and examined under laboratory conditions.

2.6. Improved Oxygenation

Similar to all other oviparous species, the anuran egg obtains oxygen directly from the surrounding environment
(29 The conundrum here is that each embryo is surrounded by a jelly capsule that acts as a partial barrier to
oxygen uptake, which is exacerbated when eggs are deposited together in globular masses 4142l Froth nesting
may improve oxygen availability in several ways related to the incorporation of air bubbles: (1) For species that
oviposit aquatically, it causes the eggs to float at the surface of the water where oxygen levels are generally higher
and can approach the eggs from all directions 43, and where they may become mechanically ventilated by rippling
of the water’s surface #4l. (2) Each egg becomes encapsulated by a capacious oxygen store that can be exploited
throughout development L2311 (3) The frothed mucus may facilitate oxygen diffusion within the nest structure,
which occurs more rapidly in air than in jelly 29, (4) The froth evenly distributes the eggs and places distance
between them, thereby reducing oxygen competition in a manner similar to the function of thick egg capsules in
non-froth nesting species 19[421[44]
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