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Figure 3. Morphological characteristics for male and females at each life stage. Absolute measures of morphological character-
istics: Snout-vent length (SVL), tail length (TL), rattle length (RL), and number (n) of subcaudal scales (SS) and dorsal saddles
(DS). Morphological characteristics relative to SVL: relative tail length (TL/SVL), relative rattle length (RL/SVL), and relative num-
ber (n) of subcaudal scales (SS/SVL) and dorsal saddles (DS/SVL).Black circles indicate males; open circles females. Means
and 95%-confdence intervals are shown.
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Table 3. Descriptive statistics (mean + SEM (sample size)) of morphological characteristics relative to
snout-vent length (SVL): relative tail length (TL/SVL), relative rattle length (RL/SVL), and relative num-

ber of subcaudal scales (SS/SVL) and dorsal saddles (DS/SVL).

TL/SVL RL/SVL SS/SVL DS/SVL
Adults
Males 0.086 + 0.091 0.050 + 0.036 0.036 £ 0.072 0.061 £ 125
(52) (50) (52) (50)
Females 0.067 £ 0.001 0.049 + 0.001 0.030 £ 0.000 0.062 + 0.001
(63) (63) (61) (63)
Juveniles
Males 0.091 £ 0.003 0.036 + 0.004 0.072 £ 0.008 0.125+0.013
)] 9) )] 9)
Females 0.080 + 0.003 0.032 £ 0.005 0.066 + 0.010 0.123 £ 0.018
(6) (5) (6) (6)
Neonates
Males 0.090 + 0.005 0.020 + 0.001 0.090 + 0.002 0.172 £ 0.006
(15) (7) (33) (15)
Females 0.097 £ 0.007 0.020 + 0.001 0.088 £ 0.003 0.179 £ 0.006

(7)

)

(19)

()

Table 4. Results of general linear model analyses for effect of
sex and life stage and their interaction on absolute measures
of morphological characteristics: snout-vent length (SVL), tail
length (TL), rattle length (i.e., number of rattle segments; RL),
and number of subcaudal scales (SS) and dorsal saddles (DS).

SVL

Sex

Life stage

Life stage x Sex

TL

Sex

Life stage

Life stage x Sex

RL

Sex

Life stage

Life stage x Sex

SS

Sex

Life stage

Life stage x Sex

DS

Sex

Life stage

Life stage x Sex

d.f. F
1,176 0.14
2,176 938.0
2,176 0.15
d.f. F

1, 146 5.73
2,146 178.19
2,146 3.43
d.f. X2

1 0.04

2 260.81
2 0.17
d.f. X2

1 6.87

2 1.73

2 3.84
d.f. X2

1 0.05
2 1.02
2

P

0.71
<0.0001
0.86

P

0.02
<0.0001
0.04

P

0.85
<0.0001
0.92

P
0.009
0.42
0.15

P

0.83
0.60
0.60

Table 5. Results of general linear model analyses for effect of
sex and life stage and their interaction on morphological char-
acteristics relative to snout-vent length (SVL): relative tail length
(TL/SVL), relative rattle length (RL/SVL), and relative number
(n) of subcaudal scales (SS/SVL) and dorsal saddles (DS/SVL).

TL/SVL

Sex

Life stage

Life stage x Sex

RL/SVL

Sex

Life stage

Life stage x Sex

SS/SVL

Sex

Life stage

Life stage x Sex

DS/SVL

Sex

Life stage

Life stage x Sex

d.f.

1, 146
2,146
2,146

d.f.

1,130
2,130
2,130

d.f.

1,174
2,174
2,174

daf.

1,144
2, 144
2, 144

F
8.81
22.35
11.35

F
0.19
49.37
0.20

F

4.75
505.27
0.52

F

0.21
410.65
0.33

P
0.004

<0.0001
<0.0001

P
0.67
<0.0001
0.82

P
0.04
< 0.0001
0.60

P
0.65
<0.0001
0.72
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Figure 4. Distribution of tail length (Figure 4A) and number of
subcaudal scales (Figure 4B) for adult males (black columns)
and females (white columns).

of 0.45 and 0.36 for adults and neonates, respectively.
Using DS/SVL and TL/SVL, adult males and females
of known sex were misclassified with a 45% chance (N
=115). Neonates were misclassified with a 36% (N = 54)
chance using SS/SVL, SVL, and TL/SVL. For juveniles,
none of the morphological traits used in the regression
tree analysis was suited to distinguish between males
and females (N = 15).

Including in the regression tree analysis only those
morphological characteristics that were significantly dif-
ferent between adult males and females (Table 4 and 5:
TL, TL/SVL, SS, and SS/SVL; Figure 3), the regression
tree analysis used only TL and TL/SVL in the construc-
tion the final decision tree; but the chance of misclas-
sifying an individual of known sex was remained un-
changed (i.e., 45%).

Morphology as an indicator of sexual dimorphism
Discussion

Composition of C. viridis Population

The observed life stage composition of the C.viridis
population near Ulysses, Kansas, with a heavy bias to-
wards adults (63%), fewer neonates (29%) and very few
juveniles (8%) is similar to population compositions re-
ported in the literature for Crotalus spp. (Diller and Wal-
lace 1984; Martins, Arnaud, and Avila—Villegas 2012).
Reports on population compositions from rattlesnake
roundups at Sharon Springs, Kansas, are difficult to com-
pare with our sample because the snakes were collected
from different populations and the origin of individual
snakes is unknown (Fitch 1998, Schmidt 2002). Further,
rattlesnake roundup samples are biased towards adult
snake as snakes smaller than 382mm were prohibited
from being collected (Fitch 1998, Schmidt 2002)

The disparity seen in the population structure of this
C. viridis population between the number of juveniles
compared to the number of adults and neonates is dif-
ficult to explain. Without repeated observations of indi-
vidual snakes, essential life table data are unavailable;
thus mortality rates, growth rates, and duration within
each life stages cannot be estimated and evaluated. A
mark-and recapture study on C. viridis oreganus showed
that adult snakes have the highest survival rates while
the neonates have the lowest and juveniles intermedi-
ate survival rates (Diller and Wallace 2002). Further, the
same study found that the capture probability of juveniles
were the lowest for all three life stages which was attrib-
uted to different movement pattern (Diller and Wallace
2002). Due to the similarity of the population structure
with the one studied by Diller and Wallace (1984, 2002),
the underlying mortality rates in our population may be
similar. In addition, the juveniles may have been over-
looked more often, because they coil individually and are
thus less likely to be detected than the much larger adult
snakes or neonates that aggregate in small piles (Curtis
J. Schmidt, personal communication).

Morphological Traits as Indicators of Sexual
Dimorphism

None of the morphological traits studied was suited
to indicate males and females across all life stages. This
result was supported by both analysis approaches: the
ANOVA /logistic regression analyses and the regression
tree analysis. This may be primarily due to the fact that
none of the morphological traits showed a significant sex
effect in neonates and juveniles. In many species of ven-
omous snakes, including C. viridis, males tend to have a
prolonged growth period after reaching sexual maturity,
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