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N A T U R A L  H I S T O R Y  N O T E

Members of the New World spadefoot family 
Scaphiopodidae are known for their larval plasticity, 
having the ability to change their physical features to 
adapt to their specific environments (Morey 1998, 
Morey and Reznick 2004, Ledon‐Rettig 2008, Martin 
and Pfennig 2009). Such larval plasticity includes 
the ability to extend the timing of metamorphosis, 
depending upon their natal pools (Morey 1998, Morey 
and Reznick 2004, Ledon‐Rettig 2008, Martin and 
Pfennig 2009), and the formation of a specialized diet 
(Ledon‐Rettig 2008, Ledon‐Rettig et al. 2008, Martin 
and Pfennig 2009, Paull et al. 2012). Species of the 
genus Spea have been documented to have a carnivore 
(sometimes referred to as cannibal) larval ecomorph 
(Orton 1954, Bragg and Bragg 1958, Martin and 
Pfennig 2009, Ledon‐Rettig et al. 2008, Levis et al. 
2018, Levis and Pfennig 2019, Alvarez et al. 2024). 
The hormones triiodotyrosine and corticosterone are 
associated with both the creation of the carnivore 

morph and metamorphosis (Ledon‐Rettig et al. 2008) 
as the carnivore morph is thought to be an adaptation 
to short-duration pools and crowded conditions with 
intra-specific competition (Pfennig 1990, 1992). Based 
on their genetics (Bragg and Bragg 1958, Ledon‐Rettig 
et al. 2008) and environmental conditions (Martin 
and Pfennig 2009), carnivore larvae develop large jaws 
and sharp keratinized jaw sheaths (Orton 1954, Bragg 
and Bragg 1958 Martin and Pfennig 2009, Ledon‐
Rettig et al. 2008, Levis et al. 2018, Levis and Pfennig 
2019). These mouthparts are specialized for hunting 
macroscopic prey such as Branchiopoda shrimp 
(Ledon‐Rettig et al. 2008, Levis and Pfennig 2019) 
or other tadpoles, including those of their own species 
and cohort (Pfenning 1990, Ledon‐Rettig et al. 2008, 
Alvarez et al. 2024).

In the carnivore morphs of the related Plains 
Spadefoot (Spea bombifrons) that were found in 
sympatry with Mexican Spadefoot (S. multiplicata) a 
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novel physical trait was described: a keratinized palate 
spike descending from the upper palate (Levis et al. 
2018). Levis and Pfennig (2019) suggested this palate 
spike aids in spearing prey (Levis et al. 2018), and a 
significantly reduced spike was observed in omnivore 
morphs of the Plains Spadefoot (Levis, pers. comm.). 
Herein we show that these physical traits are also 
present in the Western Spadefoot (S. hammondii) 
carnivore and omnivore morphs. Further, we show 
the phenotypic comparison between carnivore and 
omnivore larval morph characteristics in Western 
Spadefoot.

We carefully examined the first 50 individuals of 
a similar size and Gosner stage from a total capture 
of 251 individual larval Western Spadefoot, while in 
the field, and collected photographic record of the 
mouthparts of each, when possible, using an iPhone 7 
camera. A single photo also captured the dorsal surface 
of the larva to document any potential observed or 
reported morphological differences among Western 
Spadefoot larvae (Hansen and Shedd 2024). Following 
Ledon-Rettig and Pfenning (2011), we collected 
additional photos of mouth parts that were used to 
examine the mouth parts of individual larvae that we 
characterized as carnivore, omnivore, or a specimen 
showing a range of both characteristics.

We found a wide range of morphological differences 
among individuals of the same or similar Gosner stage 
(Gosner 1960) and size cohort, although carnivore 
morphs were often larger. We characterized individuals 
with an absence of pointed upper jaw sheath, a 
shallow lower jaw notch, and a reduced palate spike as 
omnivore morphs (Fig. 1A and B), and characterized 
carnivore morphs by cuspated upper jaw sheaths (i.e., 
resembling a beak), and lower jaw sheaths with a deep 
center notch and sharp peaks on either side and a well-
developed palate spike (Fig. 2A and B). A minority of 

individuals sampled showed an intermediate level of 
these characteristics (Fig. 3). 

Intermediate morphs face greater intra-species 
competition (Bragg and Bragg 1958, Martin 
and Pfenning 2009, Paull et al. 2012), a form of 
disruptive selection (Martin and Pfenning 2009), and 
are most common among young larvae (Martin and 
Pfenning 2009, pers obs.). We observed several larvae 
with intermediate variability of their mouthparts 
(Fig. 3). This intermediary morph was characterized 
by the upper jaw sheath having a point, though not 
as exaggerated as the carnivore morph. The lower jaw 
sheath in the intermediary morph is visually thicker 
than the omnivore morph and includes a deep notch 
but lacks the sharp peaks of the carnivore morph 
(Fig. 3).

The degree to which the carnivore trait is expressed 
can make distinguishing carnivorous morphs from 
intermediate morphs difficult. The larval diet 
phenotypic expression is best described as a spectrum 
with omnivores and carnivores on opposing ends 
(Fig. 4). Larval head shape can be an indication of jaw 
shape, and in this species, it can range between the 
two extremes. The omnivore jaws are unpronounced, 
creating a tear-drop body shape from the dorsal view, 
progressing to oval in those with wider jaws. The 
opposite end of the spectrum is a carnivore morph 
with jaws wider than the posterior portion of the body. 

The Western Spadefoot faces challenges in 
successful breeding due to climate variation and 
localized drought throughout its range (Morey 1998, 
Thomson et al. 2015), exacerbated by the species’ 
preference for shallow, temporary pools. Droughts, 
long-term patterns of declining rainfall, or shifts 
in the timing of rainfall may result in limited or 
insufficient hydroperiods for natal pools. This can 
increase larval interactions within natal pools, which 

Fig. 2A and B. Carnivore 
morph, note: 1) presence 

of defined point on 
upper jaw sheath; 2) fully 
formed palate spike; and 

3) sharp peaks opposite a 
deep notch on the lower 

jaw sheath.

Fig. 1A and B. Omnivore 
morph, note: 1) absence 
of defined point on upper 
jaw sheath; 2) under 
formed palate spike; and 
3) shallow, gradual dip 
into a curved notch on the 
lower jaw sheath.
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may also increase the probability of the carnivore 
morph presence and favor this adaptation. This shift 
would be a change to the currently observed disruptive 
selection, which favors both carnivores and omnivores 
over intermediates. Previous research, with the 
Mexican Spadefoot, showing a directional shift towards 
favoring carnivores eventually led to a switch favoring 
omnivores as competition for prey decreased carnivore 
fitness, although the omnivore morph required 
longer hydroperiods for successful metamorphosis 
(Pfennig 1992, Martin and Pfennig 2009). This could 
be detrimental to the Western Spadefoot if shorter, 
less predictable hydroperiods are responsible for the 
initial shift favoring carnivores, reducing their fitness 
as well as putting additional predation pressure on 
intermediary and omnivore morphs. The presence 
of the carnivore ecomorph likely represents an 
evolutionary advantage for the larvae that are capable 
of metamorphosis at a larger size, or during a shorter 
time-period, allowing for successful metamorphosis, 
even when habitats are rapidly shrinking and drying. 
The dietary plasticity in the Western Spadefoot shows 
this species’ adaptations towards varying ecological 
and environmental conditions which may prove to 
be advantageous as human-caused climate changes 
become more extreme. 
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