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ABSTRACT Samples of 113 to 1762 individuals were obtained from local populations of 11 common 
species of snakes in Kansas and one in Oklahoma. An age-size correlation was established for each 
species from the records of marked individuals that were recaptured. Each snake in the samples was 
tentatively allocated on the basis of its snout-vent length (or alternatively on its rattle string in Crota- 
lus). Local populations were interpreted to consist of from eight (Thamnophis sirtalis) to 18 (Crotalus 
atrox) annual age cohorts. In samples of Coluber constrictor, Nerodia sipedon, and Thamnophis sirtalis, 
females outnumbered males and attained larger mean size. In Nerodia and Thamnophis, females sur- 
vived longer than males; in Coluber the sexes were similar in longevity. In Agkistrodon contortrix, Crota- 
lus atrox, C. horridus, C. viridis, Elaphe obsoleta, Lampropeltis calligaster, L. triangulum, and Pituophis catenifer, 
males outnumbered females, grew larger, and survived longer on average. In Diadophis punctatus, 
males were more numerous than females and survived longer, but females had average larger size. In 

each species sample, first-year young were poorly represented, with only 4 to 46% of expected num- 
bers, and it seemed that their cryptic behavior and markings caused them to be overlooked much 
more often than adults, regardless of the method of sampling. Biomasss calculations indicated that 
Diadophis punctatus constituted nearly half of the total, with Coluber constrictor, Elaphe obsoleta, 
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Fig. 1. Age-pyramids of three short-lived species of snakes based 
on putative age-size cohorts; females outnumber males and survive 
longer. 

only minor irregularities. First-year young make up 27.7 
% of the Nerodia sample (vs. 22.1% for second-year young) 
but presumably are not represented in their true ratio. 

Nerodia sipedon is the most prolific of the 12 species stud- 
ied (mean litter size 19.9 in a sample of the local popula- 
tion); thus more first-year young are to be expected in the 
year-round sample. The Fall sample of 784 Thamnophis 
sirtalis seem to represent eight annual cohorts of females 
and six for males. Females outnumber males in each age- 
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Fig. 2. Age-pyramids of three colubrine species of snakes based 
on putative age-size cohorts; males outnumber females, tend to grow 
larger, and survive longer. 

class, and the disparity increases with age. First-year young 
are obviously under-represented in the sample, as they are 
only slightly more numerous than second-year individuals. 

The 147 Pituophis catenifer apparently represent nine 
annual age classes forming a well-shaped pyramid with 
only one irregularity (more seventh-year than sixth-year 
males). First-year young are well represented (32), as com- 
pared with 22 second-year young. The samples of 
Lampropeltis (328 for L. calligaster and 249 for L. triangulum) 
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Fig. 3. Age-pyramids of three species of rattlesnakes based on 
number and taper of rattle segments; males outnumber females, tend to 

grow larger, and survive longer. The samples of Crotalus atrox and C. 

viridis were obtained at “rattlesnake round-ups” and included few young 
because it was illegal for hunters to collect them. 
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Fig. 4. Age-pyramids of three species of relatively long-lived snakes 
based on putative age-size cohorts. In Diadophis punctatus, males are 
smaller than females; the average size of males of Agkistrodon contor- 
trix and Elaphe obsoleta is larger than females. In all three species, males 
are more numerous than females and tend to survive longer. 



6 ScIENTIFIC PAPERS, NATURAL History Museum, THE UNIVERSITY OF KANSAS 

Table 1. Maximum biomass of snakes from the Fitch Natural History 

Reservation. 

Maximum Mean weight Biomass Percent 
density of snakes (grams per of snake 

Species perhectare insample hectare) biomass 

Agkistrodon contortrix 4.90 103.6 504.7 5.6 

Coluber constrictor 14.80 109.2 1616.6 18.0 

Crotalus horridus 0.30 397.5 119.2 1.3 

Diadophis punctatus 1603.00 2.57 4119.0 45.9 

Elaphe obsoleta 3.60 300.1 1080.4 12.0 

Lampropeltis calligaster 4.00 149.2 596.8 6.6 

Lampropeltis triangulum 0.70 45.8 32.1 0.4 

Nerodia sipedon 0.30 104.9 31.8 0.4 

Pituophis catenifer 0.13 497.5 149.3 iL7/ 

Thamnophis sirtalis 14.70 49.2 723.2 8.1 

Combined species 1646.03 9470.1 8973.1 100.0 

each seem to represent ten annual age classes. Both are 
pyramids and have several irregularities, and each has an 
under-representation of first-year young. 

The tall, steeple-shaped pyramid for the 530 Diadophis 
punctatus in the late Fall apparently represents 12 annual 
age-classes, with first-year young forming a broad base. 
The pyramid benefits from the large sample and its restric- 
tion to a season when age and sex differences in behavior 
are believed to be minimal. Males constitute 52.5 % and 
females 47.5 % of the sample, whereas samples from other 
seasons are much biased with males more numerous in 
spring but females more numerous in the early summer 
up to the time of egg-laying (Table 2). The composition by 
sex- and age-classes in a year-round sample of Diadophis 
punctatus demonstrates the drastic effect of season on these 
ratios; adult males and females and young all undergo 

different behavioral changes that affect their ratios during 
the course of a year. Undoubtedly, there are somewhat 
parallel changes in other species. 

The sample of 1762 Agkistrodon contortrix represent fall 
sampling of snakes returning to hibernacula and are less 

biased than other samples of the species that are influenced 
by seasonal differences in behavior and habitat. The records 
are interpreted as including 15 annual age-classes, but with 
no males in the 14th age class and no females in the 13", 

14" and 15" year-classes. Except for the under-representa- 
tion of young, the male half of the pyramid has a typical 
shape, but the female half does not show well the progres- 
sive reduction in numbers that occurs in successively older 
age groups. Adult growth is much less in females than in 
males, so it is less feasible to allocate females in their age- 
cohort on the basis of size. 

The 777 records of Elaphe obsoleta, interpreted as rep- 
resenting 16 annual age-classes, form a tall, spire-like pyra- 
mid with the first-, second-, and third-year classes poorly 

represented. Females are consistently less numerous than 
males and are lacking for the 15" and 16" year classes. The 
few minor irregularities in the pyramidal form probably 
can be ascribed to the heterogeneity of the sample as- 
sembled over 50-year time span. Amount of growth in 
adults was found to differ according to the food supply 
(Fitch, 1999). With an abundance of food in some years 

and scarcity in others, individuals of the same age-cohort 
might cover a wide size range. Probably incorrectly aged 
individuals result in irregularities in the age-pyramid de- 
rived from them. The biased sex ratio (64.3% males in a 

sample of 846) may be real. In 87 hatchlings of 10 clutches, 
63% were males (Fitch, 1999). 

The relative scarcity of first-year young in each sample 
(from 4.2% in Coluber constrictor to 47.0% in Diadophis 
punctatus; Table 3) needs to be explained, and it seems that 

all of these small snakes have a well-developed capacity 
to avoid detection and capture. For example, experimen- 
tal evidence for Crotalus viridis supports the idea that 
crypsis is relatively prominent in juvenile behavior in con- 
trast to sematic display in adults. Kissner et al. (1997) found 
that young prairie rattlesnakes approached by a human 
remain motionless without rattling longer and allow closer 
approach than would adults, especially males. 

Table 2. Changing percentage of age-sex categories in samples of a population of Diadophis punctatus in 1966. 

Age and sex March April May 

N 216 438 498 

Adult male 33.8 33.2 50.1 

Adult female 15.3 22.8 31.3 

Second year male 4.6 4.1 4.4 

Second year female 2.8 0.9 2.0 

First year male 22.2 22.8 7.8 

First year female 21.3 16.2 5.2 

Month 

June July-August September October Year 

145 54 146 111 1606 

26.9 15.6 23.3 30.6 36.1 

42.6 25.0 iV 34.2 27.4 

41 3.1 11.0 99 5.3 

35) 18.8 7.6 13.6 35) 

7 28.1 17.0 8.1 14.9 

iSSY/ 9.4 24.0 3.6 12.8 
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Table 3. Productivity in ten species of snakes (actual versus estimated numbers of young). 

Snakes in Estimated Mean Estimated First-year Percent actual 
sample Adult breeding clutch or annual young in vs. estimated 

Species (N) females females litter production sample Ist-year young 

Agkistrodon contortrix* 1762 432 216.0 Sil 1110 249 22.4 

Coluber constrictor* 583 179 166.0 11.8 1960 82 4.2 

Crotalus horridus 113 26 14.5 Tee 104 20 19.2 

Diadophis punctatus* 530 130 128.0 3.4 436 205 47.0 

Elaphe obsoleta 777 176 59.0 9.7 525 78 13.6 

Lampropeltis calligaster 328 89 59.4 9.2 545 53 9.7 

Lampropeltis triangulum 249 65 64.2 6.9 443 35 7.8 

Neorida sipedon 295 92 92.0 19.9 1830 83 4.5 

Pituophis catenifer 147 35 33.0 11.2 392 32 8.2 

Thamnophis sirtalis 784 196 139.0 16.2 2260 254 iil 

*Samples from collecting in the Fall; other samples are from year-round. 

LITERATURE CITED 

Fitch, H. S. 1998. The Sharon Springs roundup and prairie rattlesnake 
demography. Transactions Kansas Academy Science ,101:101—113. 

Fitch, H. S. 1999. A Kansas snake community: composition and changes 
over 50 years. Malabar, Florida: Krieger Publishing Company. 

Fitch, H. S., and G. R. Pisani . 1993. Life history traits of the western 

diamondback rattlesnake (Crotalus atrox) studied from roundup 
samples in Oklahoma. Occasional Papers Museum of Natural His- 
tory, University of Kansas, 156:1—24. 

Kissner, K. J., M. R. Forbes, and D. M. Secoy. 1997. Rattling behavior of 

prairie rattlesnakes (Crotalus viridis viridis, Viperidae) in relation to 

sex, reproductive status, body size, and body temperature. Ethol- 
ogy, 103:1042-1050. 

Snider, A. T., and J. K. Bowler. 1992. Longevity of reptiles and amphib- 
ians in North American collections (2"4 ed.). Society for the Study 
of Amphibians and Reptiles Herpetological Circcular 21:1—24. 

Voris, H. K., and B. C. Jayne. 1979. Growth, reproduction and population 

structure of a marine snake, Enhydrina schistosa (Hydrophiidae). 

Copeia, 1979:307-318. 



Herp 
QL666.06 F583 2000 

Population structure and biomass of 

Harvard | Ic 

iil 
B 

il | 
3 2044 06 

PUBLICATIONS OF THE 

NATURAL HISTORY MUSEUM, THE UNIVERSITY OF KANSAS 

The University of Kansas Publications, Museum of Natural History, beginning 
with Volume 1 in 1946, was discontinued with Volume 20 in 1971. Shorter research 
papers formerly published in the above series were published as The University of 
Kansas Natural History Museum Occasional Papers until Number 180 in Decem- 
ber 1996. The Miscellaneous Publications of The University of Kansas Natural His- 
tory Museum began with Number 1 in 1946 and ended with Number 68 in Febru- 
ary 1996. Monographs of The University of Kansas Natural History Museum were 
initiated in 1970 and discontinued with Number 8 in 1992. The University of Kan- 
sas Science Bulletin, beginning with Volume 1 in 1902, was discontinued with Vol- 
ume 55 in 1996. The foregoing publication series are now combined in a new series 
entitled Scientific Papers, Natural History Museum, The University of Kansas, be- 
gun with Number 1 in 1997. Special Publications began in 1976 and continue as an 
outlet for longer contributions and are available by purchase only. All manuscripts 
are subject to critical review by intra- and extramural specialists; final acceptance is 
at the discretion of the editor. 

The publication is printed on acid-free paper. Publications are composed us- 
ing Microsoft Word® and Adobe PageMaker® on a Macintosh computer and are 
printed by The University of Kansas Printing Services. 

Institutional libraries interested in exchanging publications may obtain the Sci- 
entific Papers, Natural History Museum, The University of Kansas, by addressing 

the Exchange Librarian, The University of Kansas Libraries, Lawrence, Kansas 66045- 

2800, USA. Available back issues of The University of Kansas Science Bulletin may 

be purchased from the Library Sales Section, Retrieval Services Department, The 
University of Kansas Libraries, Lawrence, Kansas 66045-2800, USA. Available is- 

sues of former publication series, Scientific Papers, and Special Publications of the 

Natural History Museum can be purchased from the Office of Publications, Natu- 

ral History Museum, The University of Kansas, Lawrence, Kansas 66045-2454, USA. 

Purchasing information can be obtained by calling (785) 864-4450, fax (785) 864- 
5335, or e-mail (kunhm@ukans.edu). VISA and MasterCard accepted; include ex- 

piration date. 

ira ke Ars I 

Series Epitor: William E. Duellman 

PRINTED BY 

THE UNIVERSITY OF KANSAS PRINTING SERVICES 

LAWRENCE, KANSAS 


