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Abstract

Phenotypic plasticity has been observed in many organisms from mammals to 

plants. In particular amphibians are susceptible to plasticity before metamorphosis. 

Hydroperiod (the amount of time water is present in a pond) is a significant factor in 

amphibian development. It has been indicated to cause phenotypic plasticity in the head 

morphology of salamanders. Cannibalistic and typical head morphologies have been 

recorded in the long-toed salamander Ambystoma macrodactylum. Larval salamanders in 

both short and long hydroperiod ponds were observed using macro-photography. 

Geometric morphometries was then used to analyze head shapes. The two sites were 

sampled throughout the summer of 2003 to view if there was a morphological difference 

between larval salamanders in long and short hydroperiod ponds. The larval salamanders 

exhibited typical and non-typical morphologies depending on hydroperiod.
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Introduction

Living organisms have many strategies for adapting to changes in their 

environment, including phenotypic plasticity. Phenotypic plasticity is the varied response 

of a genotype to different environmental stimuli resulting in changes in phenotype 

(Bradshaw, 1965). Phenotypic plasticity has been observed in many organisms. For 

example, Trussel (1997) studied intertidal snails {Littorina obtusata) and their plasticity 

in response to hydrodynamic stress. He found that snails raised in a wave-exposed 

environment had larger foot sizes than those in protected areas and that a larger foot size 

protects L. obtusata from dislodgment from the strata (Trussel, 1997). Phenotypic 

plasticity has also been observed in plants. Callahan and Pigliucci (2002) observed 

natural populations of Arabidopsis thaliana and their response to natural and unnatural 

shading, finding that bolting occurred earlier in sites with more shade. Also, shade 

reduced the developmental stage of flowering in both greenhouses and natural 

environment. In larger organisms, Hoppeler and Fluck (2002) observed phenotypic 

plasticity in mammalian muscle tissue due to exercise, temperature and nutritional 

conditions. They showed that structurally and functionally muscle tissue can be modified

to fit the needs of an animal over its lifetime.

Profound phenotypic plasticity has been exhibited in amphibians during 

development (e.g. Wilbur and Collins, 1973; Smith-Gill and Berven, 1979). Survival 

advantages may play a part in the phenotypic plasticity of amphibian development. 

Furthermore, plasticity in early development has been shown to have an effect on fitness 

later on as an adult (Wilbur and Collins, 1973). Habitat has been shown to cause 

phenotypic plasticity in larval salamanders. Denver et al. (1998) found in the laboratory
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that development time of the western spadefoot toad, Scaphiopus hammondi, changes due 

to water availability. In response to pond duration (hydroperiod), the metamorphoses and 

morphology of Ambystoma talpoideum salamanders were affected. It was found that in 

semipermanent and permanent ponds, A. talpodoideum exhibit paedomorphosis, retaining 

larval characteristics while becoming reproductively mature (Newman, 1992). Although 

hydroperiod has been found to be an influential factor in amphibian larval development 

there are many other factors that contribute to these changes including predation 

(VanBuskirk, 2002), photoperiod (Wright et al., 1990) and water temperature (Smith-Gill 

and Berven, 1979). These factors affect the rate and timing of metamorphosis.

Two primary morphologies, cannibal and typical, have been observed in A. 

macrodactylum (Walls et al., 1993). They found that larval A. macrodactylum, exhibit 

phenotypic plasticity in response to different stimuli such as diet and hydroperiod. The 

tiger salamander, A. tigrinum, and the western spadefoot, Scaphiopus couchii, also have 

displayed cannibalistic morphologies (Walls et al, 1993; Newman, 1992). Cannibalistic 

morphology is characterized by large head size and the presence of vomerine teeth 

(Crump, 1992). These morphs are not obligate cannibals; they only eat conspecifics 

when available. Collins and Cheek (1983) suggest that it is larval density that induces 

cannibalism. However, hydroperiod could be the cause of increased larval density if 

water levels drop to the point that larvae are crowded.

The eastern edge of the distribution for A. macrodactylum occurs in Montana, and 

the extent to which these salamanders exhibit phenotypic plasticity is unknown (Sherrat, 

2003). Furthermore, little research has been done on the morphological changes of crania 

in amphibians using modem morphological techniques. My study expands on those of



3

Walls et al. (1993) and Sherrat (2003) by observing the larval development for a longer 

period of time and by using digital morphometric techniques. I observed salamanders in 

two ponds, one with a short hydroperiod and one with a long hydroperiod over the 

summer season. I used geometric morphometries to analyze eight landmarks on the

heads of photographed A. macrodactylum larvae. I then used the presence of vomerine 

teeth and the results of the morphometric analysis to test for the effects of pond 

hydroperiod on head morphology.
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Materials and Methods

Larvae of A. macrodactylum were collected and photographed at Quartz Lake and 

Jericho Creek. Quartz Lake is located on the eastern side of the continental divide in the 

Lump Gulch drainage basin near Clancy, MT. Jericho Creek is located on the west side 

of the continental divide in the Little Blackfoot drainage basin. Both sites are located in 

the Helena National Forest. Quartz Lake is a short hydroperiod site and loses water 

throughout the summer. This site had no inlet or outlet and was quite small, with 

submergent sedges and grasses that increased in density as the summer progressed. 

Jericho Creek is a long hydroperiod site and retains water year round. The specific pond 

was located within a wetland along Jericho Creek that had sedges and grasses around its

edges.

Salamanders were collected with dip nets every two weeks from June to 

September, 2003. A total of six samples (visits) were taken at each site with 48 

salamanders photographed from each sample. The salamanders were photographed using 

a macro-photography set up consisting of a Nikon N90 camera, 100 mm macro lens and 

an SB29 speedlight. Salamanders were photographed in slide boxes (figure 1) created by 

gluing microscope slides together with graph paper added for scale.

The following procedure was adapted from the Geometric Morphometric 

programs created by Adams (2003). After photographs were digitized, the utility 

software tpsUTIL was used to create a tps file for each digital image. The software 

tpsDIGIT was then used to digitize 8 landmarks on each image (figure 2). TpsUTIL was 

used to pool the landmark data from all groups (all sampling periods for both ponds).

The software tpsREGRES was used to superimpose landmarks of every specimen and to
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calculate the centroid size of all specimens. The tpsREGRES software calculates partial 

warp shape variables for the combined set of data, which removes the effects of position, 

orientation and scaling by superimposing all of the specimens on each other and creates a 

consensus shape of all specimens. The remaining difference between the specimens is 

due to shape differences. Any remaining difference in landmarks between specimens can 

be used as dependent variables to test for differences in shape. Selecting the regression 

command allowed the software to perform a multivariate analysis of covariance 

(MANCOVA) to test for differences in shape between specimens from Jericho Creek and 

Quartz Lake.

During the last sampling on September 9, approximately 10 salamanders from

each site were euthanized with formalin. These salamanders where then dissected to

check for vomerine teeth.

Side View Bottom View

Figure 1 Slide box
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Figure 2. Salamander head with morphological landmarks
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Results

MANCOVA tests indicated a significant difference between animals in long 

(Jericho Creek) versus short (Quartz Lake) hydroperiod environments (Table 1). There 

was also a significant difference in size of salamanders (Table 1). The shapes of the heads 

of the salamanders changed as they grew. Moreover, the change in shape was different 

between salamanders collected from long and short hydroperiod. The short hydroperiod 

salamanders metamorphosed with longer, narrower heads, which is characteristic of 

young salamanders (figure 3). The long hydroperiod salamanders metamorphosed with 

shorter, rounder heads, which is characteristic of older salamanders (figure 4).

Table 1. Multivariate multiple regression analysis testing for the effects of body size (or
age) and hydroperiod on head shape of salamanders.

Factor Wilks'
Lambda

F-ratio df1 df2 P

Size 0.65 22.75 12 515 < 0.001
Hydroperiod 0.85 7.84 12 515 < 0.001
Size and 
Hydroperiod

0.52 16.30 24 1028 < 0.001
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Figure 3 Example of a short hydroperiod head with vectors showing the change in shape 
from average

Figure 4. Example of long hydroperiod head with vectors showing the change in shape 
from average
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Discussion

The primary objective of this study was to determine if a difference existed in the 

head morphology of A. macrodactylum at two ponds with different hydroperiods. The 

data suggests that hydroperiod and morphological change in A. macrodactylum may be 

correlated. The difference between long and short hydroperiod sites is statistically 

significant. There is a change in head shape of the salamanders as they grow and 

metamorphose. The short hydroperiod salamanders have head shapes similar to younger 

salamanders, indicating that they metamorphose sooner than those at the long 

hydroperiod site. This finding correlates with the results found by Denver et al. (1998) 

that amphibians will speed up metamorphosis in response to water availability.

The difference in head shape between ponds could be due to cannibalism at the 

short hydroperiod site. However it is possible that the head shape of A. macrodactylum 

in the short hydroperiod environment is not cannibalistic but a new non-cannibalistic 

head shape. Sherrat (2003) found that head shape in A. macrodactylum was significantly 

different but not cannibalistic at the short hydroperiod site.

Collins and Holomuzki (1984) found that cannibal morph?!, tigrinum develops 

faster than typical morphs. This finding supports the idea that the short hydroperiod 

salamanders are exhibiting cannibalistic morphology. The short hydroperiod pond may 

be providing an environment that is conducive to cannibalism. The water levels decrease 

as the summer progresses, and the temperature of the water in turn increases. Typically, 

there is a lower species richness in short hydroperiod ponds. The lower species richness

can be due to size and the fact that that there is no inlet or outlet. These factors have been

correlated with cannibalism (Walls et al., 1993). Cannibalism may be advantageous to
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the species because of the deteriorating conditions of the pond. Those salamanders that 

adopt a cannibalistic morph have a larger range of prey than those that are non- 

cannibalistic. A cannibalistic morph then gives them a higher fitness level and a greater 

chance of survival to metamorphosis.

Studies of A. tigrinum have shown that body size of larvae salamanders indicates 

cannibalism. Larger larvae had cannibalistic morphology while the smallest larvae had 

no cannibalistic morphology (Rose and Armentrout, 1976). It is possible that the short 

hydroperiod salamanders did not have time to develop into cannibals because of their 

faster metamorphosis.

Hydroperiod is not the only determining factor for cannibalistic morphology. The 

density of conspecifics have shown to induce cannibalism when the populations are high 

(Collins and Cheek, 1983). It is possible that due to the cold weather that persisted so 

late in the summer of 2003, the population was just not dense enough. When the initial 

sites where chosen in June, many other sites were sampled, and insufficient numbers of 

A. macrodactylum larvae where found. This indicates that there were lower numbers 

overall. It is also possible that the correct combination of factors were not present and 

hydroperiod alone cannot induce cannibalism in Montana’s A. macrodactylum.

Both amphibians and organisms of the plant and animal kingdoms exhibit 

phenotypic plasticity. Individual factors such as diet, temperature and predation have 

shown to induce phenotypic plasticity but it seems to be the combination of factors that 

causes specific phenotypes in the wild (Denver et al, 1998). Each environment is unique, 

and although one factor may have a stronger effect than another, it is the combination of 

cues that have the greatest influence.
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Many other species show phenotypic plasticity. In response to hydrodynamic 

stress the intertidal snail will develop a larger foot (Trussel, 1997). It exhibits an 

adaptively plastic trait that assures its survival under different environmental conditions. 

In the presence of shade A. thaliana will flower earlier and at a younger developmental 

stage than those not exposed to shade (Callahan and Pigliucci, 2002). Even humans and 

other mammals show phenotypic plasticity. It has been shown that muscle mass, muscle 

myofibrillar volume, sarcoplasmic space and mitochondrial volumes will vary due to the 

specific use of the muscle (Hoppeler and Fluck, 2002). Rodriguez and Greenfield (2003) 

found phenotypic plasticity in all traits used for female mate selection in ultrasonic 

moths, Achroia grisella. The females exerted the selective advantage on pulse rate

thresholds. The scientists found that different variants were favored in different

environments thus maintaining genetic variation. In a different study on wild barley, 

Hordeum spontaneum, and nutrient limitation growth characteristics exhibited plasticity. 

H. spontaneum from naturally occurring populations were grown at four different nutrient 

levels. Leaf area ratio (LAR), specific leaf area (SAR) and leaf mass fraction (LMF) 

along with relative growth rate was measured. Plasticity of LAR, SAR and LMF were

seen between populations grown at different nutrient levels. These studies and my own 

show the extent and variability of phenotypic plasticity.

Further studies should look into other factors affecting head morphological

changes such as predation, conspecific density, and temperature. More ponds should be

studied to get a larger view of what is occurring in response to hydroperiod. Also larvae

from this region should be reared in the laboratory with manipulation of different 

conditions to see if the change in morphology can be induced. Although there are other
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cues that need to be studied, my study has shown that hydroperiod is an important cue for 

plastic traits and possibly the development of cannibalistic morphology in A.

macrodactylum.
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