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Abstract

Melanism in garter snake populations is a rare and ecologically important 

occurrence. Melanism can be used to study the function of coloration and the process of 

genetic drift. Coloration patterns of garter snakes may affect fitness level, influenced by 

predation and thermal efficiency. It is therefore of interest how and why the melanistic 

trait is acquired. Along the Missouri river near Townsend, MT, three garter snake 

morphotypes are found; Thamnophis elegans, Thamnophis sirtalis, and melanistic 

individuals inhabit the area. While T. sirtalis and T. elegans are well studied, little is 

known about the melanistic population in this area. The goal of this study is to gain 

insight into which species the melanistic population belongs to and to gather information 

for further studies. A total of 81 T. elegans, 23 melanistic, and 20 T. sirtalis snakes were 

captured from March of 2007 to September of 2007. Morphotypes were compared using 

traditional and geometric morphometries. I discovered significant differences between T. 

sirtalis and melanistic morphotypes but less difference between T. elegans and melanistic 

morphotypes. I conclude that melanistic individuals in the Townsend area are 

morphometrically more similar to T. elegans than to T. sirtalis.
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Introduction

The existence of a black snake species in the Townsend, MT area has been 

documented since Meriwether Lewis traveled up the Missouri River in 1805 (Lewis 

1959). Much later, this black snake was known to be an unidentified species of garter 

snake (Werner et al. 2004). Similar melanistic morphotypes exist at nearly 59% 

concentration in the Lake Erie area (Bittner 2003) and in lesser concentrations on 

Georges Island, Nova Scotia (Gilhen 1984). In these populations, the melanism is a 

recessive trait of the Common Garter Snake Thamnophis sirtalis (King 2003). Melanistic 

morphisms are of importance because they can influence fitness in the sense of predation, 

reproductive selection, and thermal efficiency (Caro 2005) as well as provide insights 

into gene regulation (Hoekstra 2006) and genetic drift (Bittner & King 2003). The 

uniqueness of this morphotype draws special attention to this Missouri river area, where 

melanistic snakes have been found, yet remain unidentified to species (Werner et al. 

2004).

Melanistic morphotypes exist in different forms around North America. Melanism 

is found in both T. sirtalis and the Western Terrestrial Garter Snake Thamnophis elegans. 

In these populations melanism is not always characterized by an entirely black body. 

Melanism in some T. sirtalis is seen as black on only part of the body with usual 

coloration on the rest of the body. Breeding experiments of populations in the Lake Erie 

area have found melanism to be a recessive trait (King 2003). By performing eleven 

captive matings of wild-caught female and male T. sirtalis, King (2003) found that 

proportions of melanistic offspring supported simple Mendelian recessive inheritance.
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Extremely high proportions of melanism were found on an isolated island in Nova Scotia 

(Gilhen 1984). The existence of melanistic populations is rare. Thus study of each 

population is important to discovering a better understanding of why these individuals 

occur. Could environmental factors contribute to melanism, or is melanism an uncommon 

genetic variant? Coloration patterns are known to affect fitness levels (Caro 2005). 

Therefore it is possible that melanism is a favorable morphotype (Bittner 2003). Studying 

this population leads to increased knowledge of melanism, which could help clarify the 

relationships between gene regulation and environmental conditions.

The objective of this study is to determine if melanistic garter snakes from the 

Townsend area belong to T. elegans, T. sirtalis, or neither. Preliminary counts of 

supralabial scales by Dr. Grant Hokit (unpublished 2006) on the Townsend population 

suggest that melanistic snakes may in fact be phenotypically closer to the T. elegans than 

to T. sirtalis. T. sirtalis is characterized by seven supralabial scales, while T. elegans 

snakes have eight. Many melanistic individuals caught near Townsend have eight 

supralabial scales. If the Townsend population of melanistic snakes is indeed more 

closely related to T. elegans than to T. sirtalis, then this population would truly be unique.

Scale counts are traditionally used for garter snake species comparison. 

Morphology is important not only for classification, but also for understanding the 

function of body shape. In the past, linear measurements between distinguishable points 

were used for multivariate comparison. Linear measurements, however, have weaknesses 

that arise from their simplistic nature. For example, snake A with head length X and head 

width Y may have a different overall shape than snake B with the same X and Y 

dimensions. In recent years a new technique called geometric morphometries has arisen.
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Geometric morphometries may provide convenient and accurate methods of shape 

comparison (Adams et al. 2004). Geometric analysis removes size variability, leaving 

only shape variables for statistical comparison. Benefits of geometric morphometries 

include accurate computerized methods of shape comparison and ease of graphical 

representation. Specifically, snake subspecies such as those of Rhinocheilus lecontei 

(Manier 2004), can be distinguished using morphometric analysis. For this study I used 

both traditional and geometric morphometries to compare snake morphotypes. By using 

both methods I compared their utility in distinguishing species in the Townsend area. It is 

my hypothesis that Townsend melanistic snakes are morphometrically more similar to T. 

elegans than T. sirtalis.

Materials and Methods

Data Collection

Most snakes were captured from the south end of Canyon Ferry Lake near Indian 

Road Campground (Fig. 1). I found this location to be a den site for breeding. Additional 

snakes were captured by road cruising and walking along the Missouri River. The most 

success came from flipping over rocks and other debris lying alongside the road near 

canals or ponds. Snakes were often found basking on gravel roads in the evening. The

best conditions were 70-85°F, with little wind, no rain, and sunshine.

Five photographs were taken of each specimen; top of head, right-side of head,

left-side of head, bottom of head, and a front view. Marking specimens was done by 

clipping scales with a hypodermic needle (Mao et al., 2006). I modified the technique by 

using a 16 gauge hypodermic needle and by clipping the fifth ventral scale up from the
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cloaca. Approximately 2mm of the tail was clipped and stored in 75% ethanol, 25% 

deionized water solution for DNA analysis in a separate study. Specimen information 

collected included time of capture, date of capture, air temperature, wind conditions, 

distance to nearest water source, habitat type, morphotype, and GPS coordinates. All 

specimens were then released near their capture site.

BROADWATER
TownsendIndian Rd. Campgrouni

Figure 1. Map of Townsend area shows the capture area, the region is coved with irrigation canals that 
provided habitat for garter snakes.
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Data Analysis

Morphometric data were analyzed by comparing meristic scale counts, linear 

morphometries, and geometric morphometric analysis of landmarks. Meristic supralabial 

scale counts of left and right sides were compared between morphotypes (27 sirtalis, T. 

elegans, and melanistic) using chi-square tests. Linear measurements were gathered by 

using the measurement tool in tpsDIG version 2.05. Ratios measured included prefrontal 

length/internasal length, anterior chin-shield length/posterior chin-shield length, and 

muzzle length/frontal length (Fig. 2). After the data were log transformed, multivariate 

analysis of variace (MANOVA) and analysis of variance (ANOVA) was run in Statistica 

to compare morphotypes (95% confidence intervals).

TpsDIG version 2.05 was used to digitize the top-of-head photographs with 19 

landmarks (Fig. 3). Each morphotype was landmarked separately, then compiled using 

tpsUtil version 1.34. Following Rohlf (2005), tpsREGR was used to compare shape 

variation between all individuals regardless of morphotype. Next each morphotype was 

compared using multiple analysis of covariance (MANCOVA). Three multivariate 

analyses were performed as described by Rohlf (2005). These tests compared the 

melanistic group to the T. sirtalis group, melanistic to I elegans, and T. elegans to T. 

sirtalis for head shape differences.
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InR jnternasorostial contact
Ptf prefrontal length
FL frontal length
ACS anterior chin-shield length
PCS posterior chin-shield length.
LH lorcal height
ED eye diameter

NR nasorostral contact 
In intemasal length 
PL parietal length 
ML muzzle length 
LD loreai length dorsally 
LV lorcal length vcntrally

nc

Figure 2. Linear morphometries studied include Prf/In, ACS/PCS, ML/FL (Rossman et al. 1996).

Figure 3. Snake #142 shows landmark placement.
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Results

Traditional Morphometries

A total of 80 T. elegans, 20 T. sirtalis, and 23 melanistic individuals were 

analyzed. Meristic supralabial scale counts are summarized in Table 1. There was only 

one individual with counts other than seven or eight. This specimen was not included in 

the tabulation of results or in any scale count statistical analysis. T. sirtalis had 

significantly more individuals with seven supralabial scales, while T. elegans, and 

melanistic snakes had more individuals with eight supralabial scales (Table 2). There was 

no statistical difference between supralabial scale counts of melanistic and T. elegans 

individuals. T. sirtalis supralabial scale counts differ from both T. elegans and melanistic 

individuals (Fig. 4).

Linear morphometries for each morphotype are summarized in Table 4.

MANOVA revealed significant effects of morphotype on linear ratios (P< 0.001, Table 5). 

ANOVA revealed significant effects of morphotype on each type of linear measurement 

(Table 5). Post hoc testing between T. elegans and T. sirtalis morphotypes showed 

significant differences for all three linear ratios (Table 6). No significant difference was 

found between T. elegans and melanistic morphotypes. Significant difference was found 

between T. sirtalis and melanistic morphotypes only when comparing ACS/PCS ratios 

(P0.001, Table 6). Figure 5 illustrates these relationships.

Table 1. Number of individuals with eight or seven superlabial scales with respect to morphotype.

Morphotype 8 on L side 7 on L side 8 on R side 7 on R side

melanistic 16 6 16 6

T. elegans 66 12 67 12

T. sirtalis 2 18
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Table 2. Results from Pearson Chi-square analysis. Significant differences in bold. Values in the upper right 
correspond to right side supralabials and values in the lower left correspond to left side supralabials.

Right side

T. elegans T. sirtalis melanistic

<0.001 0.190

<0.001 0.002

0.200 <0.001

T. elegans 

T. sirtalis

Melenistic

Left
side

Figure 4. Proportion of morphotype with eight supralabial scales on right and left side of head.
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□ T. elegans
□ T. sirtalis
□ melanistic

Figure 5. Linear measurement ratios for each morphotype. Note that T. elegans and the melanistic 
morphotypes are similar, whereas T. sirtalis is significantly different from the other two.

Table 3. Summary of log transformed linear ratio data for all three morphotypes. For abbreviation key, see 
Figure 2.

melanistic

N Mean Min Max Variance Std.Dev.
Std.

Error Skewness

MLFL 23.00 0.52 0.45 0.62 0.00 0.05 0.01 0.53

PRF IN 23.00 0.86 0.72 1.00 0.01 0.08 0.02 0.00

ACSPCS 23.00 0.65 0.57 0.72 0.00 0.04 0.01 -0.51

T. elegans

ML FL 75.00 0.52 0.40 0.63 0.00 0.05 0.01 0.13

PRF IN 76.00 0.86 0.71 1.11 0.01 0.07 0.01 0.27

ACSPCS 80.00 0.65 0.55 0.84 0.00 0.05 0.01 0.78

T. sirtalis

MLFL 20.00 0.49 0.43 0.55 0.00 0.03 0.01 -0.49

PRF_IN 20.00 0.91 0.75 1.07 0.01 0.08 0.02 -0.01

ACS PCS 20.00 0.58 0.52 0.64 0.00 0.03 0.01 -0.17
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Table 4. Results of MANCOVA testing for effect of morphotype on linear ratios and individual ANOVAs 
testing for effect of morphotype on ML/FL, Prf/In, and ACS/PCS.

MANCOVA Wilks'
Lambda df 1 df2 P-value

0.72 6 224 <0.001

ANOVAs F Ratio df Effect df Error P-value

ML/FL 3.62 2 115 0.030

Prf/In 3.35 2 116 0.038

ACS/PCS 19.45 2 120 <0.001

Table 5. Results of post hoc testing between each morphotype, significant values in bold.

T. elegans vs.
T. sirtalis

T. elegans vs 
melanistic

T. sirtalis vs. 
melanistic

ML/FL 0.03 0.99 0.07

Prf/In 0.03 1.00 0.11

ACS/PCS <0.001 0.96 <0.001
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Geometric Morphometries

MANCOVA revealed significant effects of centroid size on shape (model 1, Table 

7). Further testing revealed that the relationship between centroid size and shape was not 

significantly different between all morphotypes (Table 7). Although morphotype and 

centroid size had a significant effect on shape (model 2, Table 7), there was no difference 

between model 2 (centroid size to shape slope constant between morphotypes) and model 

3 (centroid size to slope shape varying between morphotypes).

Comparison of T. elegans, T. sirtalis and melanistic snakes using pairwise 

comparisons of model 2 yielded significant differences between T. elegans and T. sirtalis 

and between T. elegans and melanistic morphogroups (Table 7). A plot of procruste 

distances shows the morphometric differences between groups (Fig. 6).

Table 6. Summary of MANCOVA using tpsREGR

Wilks' Lambda F df 1 d£2 P-value
Covariate Centroid Size 

(model 1) 2.46 34 81 <0.001

Morphotype x Centroid Size (model
2: constrained slopes) 3.34 102 237 <0.001

Morphotype x Centroid Size (model
3: independent slopes) 2.42 170 387 <0.001

Model 1 vs 2 3.68 68 158 <0.001

Model 2 vs 3 1.27 68 156 0.112

T. elegans vs T. sirtalis 3.87 68 114 <0.001

T. elegans vs melanistic 3.14 68 120 <0.001

T. sirtalis vs melanistic 1.4 68 14 0.248
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Figure 6. PCA plot, red stars are T. sirtalis individuals, green asterisks are T. elegans individuals, and black 
circles are melanistic individuals.

Figure 7. Specimen caught that shows two coloration patterns. Both the melanistic and the T. elegans 
coloration patterns are seen on this snake.
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Discussion

Supralabial scale counts proved to be a definitive method for distinguishing 

between morphotypes. Significant differences were found between T. elegans individuals 

and T. sirtalis individuals using chi-squared tests. This was expected given that T. elegans 

and T. sirtalis characteristically do not have the same number of supralabial scales 

(Rossman et al. 1996). No significant difference was observed when T. elegans and the 

melanistic population where compared using the same method, yet T. sirtalis and 

melanistic populations were significantly different. From this evidence, the Townsend 

melanistic population is similar to T. elegans in regards to supralabial counts. Since 

supralabial scales are a defining characteristic of species in garter snakes (Rossman et al. 

1996), the data suggest that this localized population of melanistic garter snakes is not T.

sirtalis.

In addition to supralabial scale counts, ACS/PCS, muzzle length, and Prf/In ratios 

were used to compare groups. Linear ratios are commonly used in traditional 

morphometries. The post hoc test for ACS/PCS ratio was the most determinative. 

Significant difference was found between T. sirtalis and melanistic morphotypes, but no 

statistical difference was found between T. elegans and melanistic groups. Like the 

supralabial counts, ACS/PCS ratios are used to distinguish between species. Usually a 

range of values is known for each species. A significant difference between T. sirtalis and 

melanistic data implies variation between the two morphotypes. The data lead to the 

opposite conclusion in regards to T. elegans and melanistic. No significant difference 

indicates similarity between the two morphotypes. While the muzzle length and the Prf/In 

ratios did not show significant difference as the ACS/PCS ratio did, it is still apparent that
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melanistic individuals are more similar to T. elegans than to T. sirtalis. P-values for post 

hoc tests between melanistic and T. elegans are near one, while values for melanistic and 

T. sirtalis are low (0.07-0.11). The ratios for T. elegans and melanistic groups are very 

similar, while T. sirtalis appears different from the other two groups. Sample size of T. 

sirtalis and melanistic morphotypes may be an issue.

Geometric morphometries yielded similar results as the traditional 

morphometries. I found a significant difference when all data were pooled and analyzed 

with constrained slopes. When groups were compared individually, statistical difference 

was found between T. elegans and the two other morphotypes. This difference implies 

some degree of morphological separation. Significance between T. elegans and melanistic 

morphotypes is especially interesting since scale counts and traditional morphometries 

showed a great degree of similarity between these two morphotypes. While I did not find 

a significant difference between T. sirtalis and melanistic morphotypes, I found only 14 

degrees of freedom squared, implying possible small sample size. If sample sizes were 

larger I would suspect an outcome more similar to the meristic scale counts and linear 

morphometries. This leads to questions concerning the practical utility of geometric 

morphometries versus linear morphometries and meristic scale counts.

Analysis using meristic counts and linear morphometries are simple in 

comparison to geometric morphometries, yet when used with small data sets (20 T. 

sirtalis and 23 melanistic), only the meristic counts and linear morphometries were able 

to distinguish between morphotypes. However, when provided with a larger sample size 

(80 T. elegans), geometric morphometries shows significant differences between 

morphotypes that were indistinguishable using traditional methods. In the past, geometric
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morphometries has been used to distinguish same species groups, yet in this study I was 

unable to show significant difference between small sample size groups that were 

distinguishable using meristic scale counts and linear morphometries.

Since geometric mophometrics can differentiate individuals of the same species 

by locality, it is important to remember that all individuals of both morphotypes were 

captured in the same geographical area. Although scale counts and traditional 

morphometries show similarity, it is apparent that there is variability between the two 

morphotypes. The procruste covariate analysis plot visually differentiates between the 

three morphotypes. T. elegans data occupy the upper left region, T. sirtalis points 

generally fill the lower right region, and melanistic morphotype data are completely 

within the T. elegans data points. While there is obvious overlap between groups a 

distinguishable pattern appears.

Interestingly, one captured specimen from the sample area displays dimorphic 

coloration patterns (Fig. 7). While most of the body resembles the melanistic 

morphotype, parts closely resemble the coloration patterns of T. elegans. This occurrence

adds confidence to the conclusion that melanistic individuals in the Townsend area are

morphometrically similar to T. elegans. Partial expression of the melanistic coloration 

pattern could be a possible explanation for this occurrence.

The results of this study contribute greatly to the local knowledge of melanistic 

garter snakes. To my knowledge, there has been no other study of melanistic garter snake 

populations in the area. While the three species of garter snakes in Montana have been 

well studied, very little is known about any alternative morphotypes. Therefore, these 

data will supplement information on Montana reptiles. The results of my study provide
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sufficient reason for further study of the Townsend population because morphometric 

analysis, scale counts, and head measurements all suggest that the melanistic population 

is closer in head morphology to T. elegans than to T. sirtalis.
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