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ABSTRACT.-^^? estimated the annual survivorship of two populations of the asp viper, Vipera aspis aspis,
by recapturing known adult individuals in the field over six and nine years respectively. The snakes at the
two study sites in the Jura mountains of northwestern Switzerland were active between mid-March and
mid-October. Vipera a . aspis is easily captured by hand, has individually recognizable marks and is, therefore, well suited for long-term mark-recapture studies. The maximum likelihood estimates of annual s u r
vivorship are about 0.75 in both populations. The probability that a snake will be recaptured in any given
year is about 0.4 (habitat A) and about 0.33 (habitat B). Sampling effort within a year had little effect on
the probability of recapture. Our best estimate of annual survival of 0.75 for the two habitats combined
compares well with other previous estimates in viperids and in V aspis in particular. We found no detectable
differences in the survival rates between sexes even when the two habitats were combined. We found weak
evidence that there was a difference in the recapture probability between the sexes. The minimal adequate
model for the combined data set suggested that there is a higher probability of recapturing surviving
females (0.545) than males (0.331).

The study of animal populations and their
dynamics frequently depends on analysis of life
history parameters and differences in the life
history traits among individuals. The understanding of patterns of survival and reproduction remains one of the fundamental challenges
of ecology (Partridge and Harvey, 1988; Southwood, 1988; Caswell, 1989)and it is particularly
important in biogeography, community ecology,
and population regulation (e.g., Blondel, 1986;
Crawley and May, 1987; SoulP, 1987).
However, when studying animal populations
in the field it is usually impossible to follow individuals closely enough for long enough to
know when they actually died (Lebreton et al.,
1992) or if they have temporarily emigrated
from the population (e.g., Nichols et al., 1987).
The failure to find a marked animal might also
be due to the probabilitic nature of sampling.
Recently developed methods of analysis of
mark-recapture data allow a separate estimation
of survival and capture probabilities (Lebreton
et al., 1992).The asp viper Vipera aspis (e.g.,Saint
Girons, 1947,1952,1957; Duguy, 1963; Naulleau,
1965; Monney, 1994) offer good opportunities
for field studies, because they are easily captured by hand and individuals recognized by
their unique markings.
Despite the increasing literature on snake
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population ecology (see Parker and Plummer,
1987 for review), there are few dependable data
(Shne and Charnov, 1992) on survival under
natural conditions. T h s lack of information is
one of the major constraints in snake conservation (Dodd, 1993). Low recapture rates (Turner,
1977) make it essential that recapture rates are
accounted for in any dependable survival estimates.
The asp viper (Vipera aspis), is an ovoviviparous snake that reaches sexual maturity at 3 to
5.5 yr, and a maximum age under natural conditions of 18 yr (Saint Girons, 1952, 1957).
Growth continues throughout life. Male vipers
have an annual reproductive cycle, but females
only reproduce every two to four years. Saint
Girons (1952) and other authors estimated a sex
ratio of 1:1, which implies equal survival rates
for males and females. Population densities have
been estimated at 6 animals ha-' (Moser et al.,
1984) and 16.11 adults ha-' (Naulleau and Bonnet, 1995).
Between 1986 and 1995 we studied several
populations of the asp viper (subspecies Vipera
aspis aspis) in the Jura mountains of northern
Switzerland. Local females reproduce every second or t h r d year; gestation requires four to five
months, and clutch sizes vary from five to fifteen. Activity lasts from mid-March until midOctober (Flatt and Dummermuth, 1993). Vipera
aspis is a wide ranging species and is common
in many parts of its range (e.g., large parts of
France, Saint Girons, 1989), whereas populations in the northeastern part of its range
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(northem Switzerland) are declining (e.g., Hotz
and Broggi, 1982). Although the life history and
ecology of t h s species has been well studied,
there is little information about natural survivorship. Here we present survival estimates
from our long-term capture-recapture data of
two populations based on modem statistical
methods (Lebreton et al., 1992). These estimates
provide insight into the survival processes
among snakes in general and are essential data
in the determination of the status of threatened
populations.
We began studying the first of four populations in 1986, and additional populations were
added in 1989, 1991, and 1992. Only two populations (A, B) have sufficient sample sizes for
analysis (see Flatt and Dummermuth, 1993 for
details about populations A and B). Over the
course of six years, 50 different adult snakes (50
cm or longer) were found in habitat A, 18 of
which were re-sighted in more than one year.
During nine years, 22 different adult snakes
were found in habitat B, nine of which were resighted in more than one year. The complete
capture histories of the snakes can be obtained
from the corresponding author (BA).
Our two study sites are located in the Jura
mountains of Canton Solothurn, northwestern
Switzerland. The study sites are isolated from
each other and also isolated from other appropriate habitat. No snakes were ever seen in a
different study site than in the one they were
originally seen. Habitat A lies on a SSE facing
slope 800 to 900 m above sea level. The most
important area of this habitat covers a stretch
approximately 600 m long and 100 m wide and
includes areas covered with stones and small
boulders as well as forested sections. It contains
one of the biggest remaining populations of V
aspis in Canton Solothurn that we estimate at
consisting of approximately 20 adults. For details about habitat A see Flatt and Dummermuth
(1993). Habitat B lies on a SE facing rocky ridge,
at an altitude of 800 to 920 m above sea level.
The ridge is approximately 700 m long and 100
m wide. Whereas the ridge itself is mostly forested, there lies a steep, in parts almost vertical,
rocky slope south-east of the ridge. This slope
seems to be of great importance for gravid females and young snakes. As many of the asp
vipers observed in this habitat were only found
once or twice during the whole observation period, and large portions of the area are almost
inaccessible due to their steepness, it is difficult
to estimate the population size. For further details concerning habitat B see Flatt and Dummermuth (1993).
For each individual V aspis we found in hab-

itats A and B. we recorded date and time of
capture or resighting, sex, the exact location of
the individual in its habitat, notes on weather
conditions, approximate temperature, and overall condition of the snakes (ecdysis, digestion,
reproductive status etc.), on every site visit. Observation dates were combined into yearly
blocks of time. As far as possible we measured
total body length and photographed each snake.
In addition to these photographs, we made
drawings showing the head and neck coloration
of the different individuals. The most important
criteria used for distinguishing individuals
from each other were their coloration, dorsal
pattern of spots, scars and other distinctive
marks. Individuals were clearly identifiable
without scale-clipping or branding scales (see
Sauer, 1994 for the method of photographic
identification). To avoid disturbance, we handled the vipers as little as possible, and located
the snakes from a distance with tele-lenses, binoculars, or by sight while walking slowly
through the terrain. After location we identified
individuals from reasonable proximity or when
identity was in doubt, by hand capture. Site visits took between one and a half to three hours
depending on time of day and season. Field
work was carried out by one or two persons
during the entire yearly activity period of the
asp vipers, from mid-March to mid-October. Because field work was restricted to warm and
cloudy or sunny days, prevailing weather conditions during the different years of observation
sometimes led to an irregular pattern of the site
visits. Several visits could follow each other
within a few days; sometimes several weeks
might go by without any site visits when weather conditions were not favorable for observing
the snakes (no surface activity). Habitat A was
sampled an average of 18 times per year (range
6-30) from 1989 to 1995. Habitat B was sampled
an average of 5.2 times per year (range 2-9)
from 1986 to 1995.
The vast majority of sightings occured between the beginning of May and the end of August. This presents the possibility that some recapture events occurred only 8 mo apart while
others occurred 16 mo auart. However. snakes
that were seen in more thsn one year were usually sighted between 2 and 10 times in any one
year. The few snakes that were only sighted
once in a year had recapture intervals of between 11 and 13 mo.
We estimated survival and recapture rates
from the Cormack-Jolly-Seber (CJS)model (Cormack, 1964; Jolly, 1965; Seber, 1986) using maximum-likelihood methods implemented in
SURGE 4.2. (Lebreton et al., 1992; Pradel and
Lebreton, 1993) after determining that the data
did not show significant deviations from the CJS
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model using the program RELEASE (Burnham among years, it had no detectable effect on the
et al., 1987). Within habitats we tested specifi- probability of recapture. Explicit modelling of
cally for differences in survival and/or recap- the effort did not yield any predictive power for
ture rates between males and females, and the probability of recapture in either habitat (Taamong years. We also modelled the probability bles 1 and 2).
of recapture explicitly as a logistic function of
Habitats Combined.-The lack of a difference
effort (number of resighting attempts per year). between sexes for either survival or recapture in
Finallv. we also comuared the urobabilities of both habitats prompted us to combine the two
survival and recapture between sites. In this habitats for analysis to test for a habitat effect
analysis, zeros were entered as the capture his- and increase our sample size to narrow the contories of the animals in habitat A for the first fidence limits on the estimates. There were no
three years of the study. Then we specified that detectable differences in the probability of surthe probability of recapture in habitat A was vival or recapture between the two habitats. (Tazero in the first three years when habitat A was ble 3). Although the probability of recapture
not sampled (1986-1988). This subterfuge al- was not significantly higher for females than
lows us to get unbiased estimates of survival in males (P = 0.08 to 0.15), the 95% confidence
the two habitats even though they were not both limits did not overlap the means and the effect
sampled for all of the same years.
of sex on recapture was included in the minimal
The statistical significance of individual vari- adequate model (Table 3). When included in the
ables in explaining the recapture of individuals model, there was only a one-half percent differwas tested using likelihood ratios. We compared ence between males and females in the probathe deviance (2 x log-likelihood) of models bility of surviving from year to year. The miniwithout a variable with models that included mal adequate model, therefore, is one with conthe variable. Differences in deviance are asymp- stant survival and recapture probabilities with
totically x2 distributed with degrees of freedom the same parameter values across habitats, no
equal to the difference in the number of param- effect of sex on survival, but a slightly higher
eters. We also present 95% confidence intervals probability of recapture for females. The best esbased on profile likelihoods. The minimal ade- timate of annual survival rate is 74.9% (95% CL:
quate model was chosen on the basis of mini- 61.2-84.9%) and of probability of recapture is
mizing Akaike's information criterion which is 54.5% (95% CL: 35.2-72.4%) for females and
the dkiance of the model plus two times the 33.1% (95% CL. 18.5-51.9) for males.
number of parameters in the model (Akaike,
1973; Lebreton et al., 1992; Burnham et al.,
1995). The criterion often performs better than
Demographc field studies on snakes often
decisions based on statistical significance alone suffer from low recapture rates (often as low as
(Burnham et al., 1995).
15%) and consequently survival estimates with
wide confidence limits (Turner, 1977; Parker and
Plummer, 1987). These low recapture rates
Fit of the Data to the CIS Model.-Program RE- might be due to the secretive behavior of most
LEASE (Test2 + Test3) detected no significant snikes and the use of hand capture rather than
deviations of the fit of the data to the assump- using traps (Fitch, 1987; Seigel, 1993). However
tions of CJS model in habitat A (x2= 18.1; df = Vipera berus and V aspis are quite easily recap14, P = 0.20), habitat B (x' = 12.9; df = 8, P = tured by hand (e.g., Monney, 1990; Madsen and
O.11), or when the two habitats were combined Shine, 1992b; Flatt and Dummermuth, 1993;
(x2= 13.4; df = 14, P = 0.49). However, the data Forsman, 1995; pers. obs. on Swiss K berus and
sets are relatively small so the power of the test K aspis). Our best estimates of recapture probto detect deviations is low.
ability for the two habitats combined were 54%
individual Habitats.-There were no detectable for females and 33% for males (45% combined
differences in the survival rates or probability of probability). These recapture probabilities can
recapture between males and females in either be interpreted in two opposing ways. Either the
habitat A or B (Tables 1 and 2). The best esti- snakes are always there and we have only a 0.45
mate of annual survival rate is about 0.75 in chance of seeing them, or the snakes are present
both habitats with 95% confidence limits ex- in the study area 0.45 of the time and when
tending from 0.55 to 0.9. Similarly, the proba- present we always see them Clearly, neither of
bility that an animal will be recaptured in any these extremes is likely to be the case, but sevgiven year is about 0.4 in habitat A and about eral lines of evidence suggest that when present
0.33 in habitat B even though sampling effort in the habitat, recapture rates are high. Snakes
was more than twice as high in habitat A. Con- were usually seen several times in a year or not
fidence limits were wide (Tables lc, 2c). Al- at all. If each snake has an equal probability of
though sampling effort varied considerably being in the sampled habitat or not, this is not
.I,
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TABLE
1 . SURGE 4.2 Analysis of deviance of markrecapture data in Habitat A. A Maximum likelihood
estimates of the deviance of models incorporating parameters for survival (6)and recapture (P) probabilities as a function of sex (s), year (t), and recapture
effort (e). The minimal model is chosen by minimizing
Akaike's Information Criterion and is marked in boldface. B Likelihood ratio tests of the effect of sex, time,
and effort on survival and recapture probabilities. C
Maximum likelihood estimates and profile likelihood
95% confidence limits of parameters for the minimal
adequate model.

TABLE
2. SURGE 4.2 Analysis of deviance of markrecapture data in Habitat B. A Maximum likelihood
estimates of the deviance of models incorporating parameters for survival (+) and recapture (P) probabilities as a function of sex (s), year (t), and recapture
effort (e). The minimal model is chosen by minimizing
Akaike's Information Criterion and is marked in boldface. B Likelihood ratio tests of the effect of sex, time,
and effort on survival and recapture probabilities. C
Maximum likelihood estimates and profile likelihood
95% confidence limits of parameters for the minimal
adequate model.

A

A

Survival

Recapture

t ~ p Deviance

AIC

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(9)

B
Effect
(

41
4
p,
p,
p,
C
Parameter

C

Parameter

Survival
Recapture

Recapture

np

Deviance

AIC

14.7
8.4
8.3
1.4
16.7
11.6
7.7
1.4
0.9

0.55
0.40
0.50
0.24
0.27
0.17
0.56
0.24
0.34

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

(8)
B
Effect

Survival

Estimate

0.754
0.407

95% confidence limits

0.561
0.250

Survival
Recapture

Comparison

df

4v5
6v7
4v6
5v7
l v 2
3v4
4v6
5v7
7v8

16
8
9
1
14
8
9
1
1

Estimate

0.786
0.339

95% confidence limits

0.599
0.187

0.900
0.534

0.880
0.585

assumptions are likely to be small. However we
avvroach
these estimates with caution. SamI I
a violation of the assumptions of the CJS model. pling all snakes in the population with equal
However, differential habitat use or movement probability is difficult to achieve because snakes
of specific subunits of the population (e.g., fe- may appear more numerous where they exhibit
males in different reproductive stages, hunting less cryptic behavior (Reinert, 1993). For examindividuals, males in search of mates [Saint Gi- ple, Baron et al. (1996) have found hgher recaprons, 1952; Viitanen, 1967; Monney, 1992; Flatt ture probabilities for gravid females and flucand Dummermuth, 1993; Reinert, 1993, Baron et tuating probabilities of recapture for males of
al. 19961) do violate the simple CJS model and Vipera ursinii.
Our best estimate of annual survival rates of
should be accommodated with subunit specific
parameters (in exactly the same way we can ac- 0.749 per year compares well with other esticount for the effect of sex [Baron et al. 19961). mates of survival in adult viperids ranging from
The probability of recapture may also depend 0.70 to 0.85 per year (Turner, 1977; Shine and
on previous capture history. This deviation from Charnov, 1992; Baron et al., 1996). Previous esthe simple CJS model can be accommodated us- timates for annual survival in 1.I aspis are within
ing multistate models where individuals move our confidence limits at 0.78 per year (Shine and
from one subunit of the population to another Charnov, 1992). Saint Girons (1957) estimated
(Brownie et al., 1993). The lack of a significant an adult mortality between 20 and 25% (=75Test 2 + Test 3 suggests that violations of the 80% survival) for the same species. Among
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TABLE3. SURGE 4.2 Analysis of deviance of markrecapture data for both habitats combined. A Maximum likelihood estimates of the deviance of models
incorporating parameters for survival (4) and recapture (P) probabilities as a function of habitat ( h ) , year
(t), and sex ( 5 ) . The minimal model is marked in boldface. B Likelihood ratio tests of the effect of the factors
habitat, time and sex on survival and recapture probabilities. C Maximum likellhood estimates and profile
likelihood 95% confidence limits of parameters for the
minimal adequate model. The minimal model is chosen by minimizing Akaike's Information Criterion.
A

Survival

Recapture

up

Deviance

AIC

(1)
(2)
(3)
(4
(5)
(6)
(7)
(8)
(9)
(10)
B
Effect

(

C
Parameter

Survival (sexes combined)
Recapture-Females
Recapture--Males

Estimate

0.749
0.545
0.331

95% confidence
limits

0.612
0.352
0.185

0.849
0.724
0.519

these other studies, only Baron et al. (1996) explicitly accounted for the effect of recapture
probability as we have here.
Some authors have found differences in survival between sexes among snake species (e.g.,
Feaver, 1977; Brown and Parker, 1984; Forsman,
1995; Baron et al., 1996) and between colour
morphs (e.g., Forsman, 1995; Vipera berus). As
Madsen and Shine (1992a) showed, survival of
females in Vipera berus seems to be reduced after
parturition, probably reflecting the high energy
cost of reproduction. Although males in this
species reproduce each year and may mate with
more than one female, survival may be strongly

related with lifetime reproductive success (Madsen and Shine, 1992b; see Forsman, 1995 for further discussion). We were not able to detect differences in the survival rates or recapture probabilities between male and female Vipera a. aspis
in either habitat by itself. Combining the two
habitats allowed us to detect a slight difference
in the probability of recapture but the probability of survival was almost identical between the
sexes. The difference in recavture
rate is not sig1
"
nificant using likellhood ratios, however the
95% confidence limits do not overlap the means.
We hope that increasing the data set to include
more years and habitats will resolve this ambiguity. Including the effect of sex on the probabilitv of recavture in the statistical model improves our estimate of the probability of survival.
We were unable to detect year or habitat effects in survival or recapture (Tables 1,2 and 3).
Although Baron et al. (1996) were also unable
to detect temvoral or suatial variation in survival and recapture, it seems unlikely that no such
effects exist. A longer data set coupled with
modelling of specific environmental variables
(Lebreton et al., 1992) may reveal some effects.
For example, Brown and Parker (1984) and Forsman (1995) have found considerable differences
in survival among years.
Jayne and Bennett (1990) showed that larger
body size positively affects survival in garter
snakes, Forsman (1993) showed size-dependent
differences in survival of Vipera berus, and Baron
et al. (1996) showed variation in age-specific
survival for Vipera ursinii. Generally, it appears
that juvenile and first-year mortality is much
higher than adult mortality among snakes (e.g.,
Saint Girons, 1957; Brown and Parker, 1984).
Saint Girons (1957) estimated a mortality of
over 50% in I/: aspis juveniles during their first
months of their life. Unfortunately, we have insufficient data on neonate and juvenile asp vipers due to the difficulties of sampling these
small secretive snakes.
With a larger data set, the probabilities of recapture and survival as a function of body size
can be readily estimated using multi-state models following the methodology of Nichols et al.
(1992). Similarly, the effect of reproduction on
survival and recapture success can also be estimated using multi-state models (Nichols et al.,
1994).
Many populations of I.:aspis are dramatically
declining at their northernmost limits in Switzerland (Hotz and Broggi, 1982; Dusej and Billing, 1991; Hofer, 1991), with some populations
going extinct (Moser, 1984). During the course
of our 9 yr study the two populations appeared
to be stable, as is the northernmost relict population of I/: aspis in the Black Forest (Germany)

SURVIVAL IN VlPERA A. ASPlS

563

Schutz. Mitt. Naturforsch. Ges. Kt. Aargau 33:233335.
FEAVER,
P. E. 1977. The demography of a Michigan
population of Natrix sipedon with discussions of
ophidian growth and reproduction. Unpubl. Ph.D.
Diss. Univ. Michigan, Ann Arbor.
FITCH,H. S. 1987. Collecting techniques. In R. A. Seigel, J. T. Collins, and S. S. Novak (eds.), Snakes:
Ecology and Evolutionary Biology, pp. 143-164.
McGraw-Hill, New York.
FLATT,T., AND S. DUMMERMUTH.
1993. Zur Kenntnis
der Aspis- oder Juraviper Vipera a. aspis (L., 1758)
im Kanton Solothurn. Mitt. Naturforsch. Ges. Kt.
Solothurn 36:75-102.
CITED
LITERATURE
A. 1993. Survival in relation to body size
AKAIKE,H. 1973. Information theory and an exten- FORSMAN,
and growth rate in the adder, Vipera berus (L.). J.
sion of the maximum likelihood principle. In B. N.
Anim. Ecol. 62:647-655.
Petran, and F. Csaki (eds.), International Sympo. 1995. Opposing fitness consequences of colsium on Information Theory, pp. 267-281.2nd. ed.
our pattern in male and female snakes. J. evol. Biol.
Akademiai Kiadi, Budapest, Hungary.
8:53-70.
J. CLOBERT,
AND H. SAINT
BARON,J-P., R. FERRIERE,
1993. Das ReliktvorkomGIRONS.1996. Strategie demographique de Vipera FRITZ,K., AND M. LEHNERT.
men der Aspisviper (Vipera uspis L.) im Schwarzursinii ursinii au Mont-Ventoux (France). C. R.
wald. In M. Gruschwitz, P. M. Kornacker, R. PodAcad. Sci. Paris, Ser. 111 319:5749.
loucky, W. Volkl, and M. Waitzmann (eds.), VerBLONDEL,
J. 1986. Biogeographic evolutive. Masson,
breitung, Okologie und Schutz der Schlangen
Paris.
Deutschlands und angrenzender Gebiete, pp. 3011984. Growth, reBROWN,W. S., A N D W. S. PARKER.
310. Mertensiella 3.
production and demography of the racer, Coluber
constrictor mormon, in Northern Utah. In R. A. Sei- HOFER,U. 1991. Die Reptilien des Kantons Bern. Mitt.
Naturforsch. Ges. Bern, Neue Folge, 48:153-208.
gel, L. F. Hunt, J. L. Knight, L. Malaret, and N. L.
Zuschlag (eds.), Vertebrate Ecology and System- HOTZ, H., AND M. F. BROGGI.1982. Rote Liste der
gefahrdeten und seltenen Amphibien und Reptiatics-A Tribute to Henry S. Fitch, pp. 13-40. Spec.
lien der Schweiz. Schweizerischer Bund Fiir NaturPubl. Mus. Nat. Hist. Univ. Kansas 10.
schutz, Basel, Switzerland.
BROWNIE,
C., J. E. HINES,J. D. NICHOLS,K. H. POLLOCK,A ND J. B. HESTBECK.
B. C., AND A. F. BENNETT.1990. Selection on
1993. Capture-recap- JAYNE,
ture studies of multiple strata including non-marlocomotor performance capacity in a natural popkovian transitions. Biometrics 49:1173-1187.
ulation of garter snakes. Evolution, 44:1204-1229.
BURNHAM,
K. P., D. R. ANDERSON,
G. C. WHITE,C. JOLLY,G. M. 1965. Explicit estimates from captureAND K. H. POLLOCK.
BROWNIE,
1987. Design and
recapture data with both death and immigrationAnalysis Methods for Fish Survival Experiments
stochastic model. Biometrika 52:225-247.
Based on Release-recapture. American Fisheries LEBRETON,
J.-D., BURNHAM,
K. P., CLOBERT,
I., AND D.
Society Monograph 5, Bethesda Maryland.
R. ANDERSON.
1992. Modeling survival and testBURNHAM,
K. P., G. C. WHITE,AND D. R. ANDERSON.
ing biological hypotheses using marked animals: a
1995. Model selection strategy in the analysis of
unified approach with case studies. Ecol. Monogr.
capture-recapture data. Biometrics 51:888-898.
62:67-118.
CAPULA,
M., AND L. LUISELLI.
1994. Individual repro- MADSEN,T. 1988. Reproductive success, mortality
ductive success in snakes: what may we learn from
and sexual size dimorphism in the adder, Vipera
alpine adders, Vipera berus? Bull. Soc. Herpetol.
berus. Holarc. Ecol. 11:77-80.
France. 71-72:63-72.
-,
AND R. SHINE.1992a. Determinants of reproCASWELL,
H. 1989. Life-history strategies. In J. M.
ductive success in female adders, Vipera berus. OeCherret (ed.), Ecological Concepts, pp. 285-307.
cologia 92:40-47.
Blackwell Scientific Publications, Oxford.
, AND . 1992b. A rapid, sexually selected
CORMACK,
R. M. 1964. Estimates of survival from the
shift in mean body size in a population of snakes.
sighting of marked animals. Biometrika 51:429Evolution 46:1220-1224.
438.
J.-C. 1990. Habitat, morphometrie et cycles
CRAWLEY,
M. J., AND R. M. MAY. 1987. Population MONNEY,
annuels
d'activite de la vipere aspic, Vipera aspis
dynamics and plant community structure: com(L.) dans une station de 1'Intyamon (PrPalpes fripetition between annuals and perennials. J. Theor.
bourgeoises). Bull. Soc. Frib. Sci. Nat. 79(112):185Biol. 125:475-489.
Lll.
DODD,C. K., JR. 1993. Strategies for snake conserva. 1992. Note sur l'utilisation de I'habitat et les
tion. In R. A. Seigel and J. T. Collins (eds.),
deplacements chez la vipere aspic, Vipera aspis (L.),
Snakes-Ecology and Behavior, pp. 363-393, Mcdans une station de 1'Intyamon. Bull. Soc. Frib. Sci.
Graw-Hill, New York.
Nat. 81(112):28-40.
DUGUY,
R. 1963. Biologie de la latence hivernale chez
. 1994. Comparaison des cycles annuels
Vipera aspis L. Vie et Milieu 14:311443.
d'activite de Vlpera aspis et Vipera berus (Ophidia,
DUSEJ,G., AND H. BILLING.1991. Die Reptilien des
Viperidae) dans une station des prealpes bernoises
Kantons Aargau-Verbreitung,
Okologie und

(Fritz and Lehnert, 1993). Whether the difference between declining and stable populations
is due to mortality or a failure of recruitment
will only be determined by additional long-term
studies such as this one.
Acknowledgments.-We thank B. R. Schmidt for
having introduced TF and SD to BA. We are
indebted to P. T. Gregory, C. K. Dodd, Jr., J. D.
Nichols, and two anonymous reviewers for their
valuable comments on earlier versions of the
manuscript.

-- -

564

T. FLATT ET AL.

(ouest de la Suisse). Bull. Soc. Herpetol. France. 7172:4961.
MOSER,A,, GRABER,
C., A N D T. A. FREWOGEL.
1984.
Observations sur l'ethologie et l'evolution d'une
population de Vipera aspis (L.) au nord du Jura
Suisse. Amphibia-Reptilia 5:373-393.
NAULLEAU,
G. 1965. La biologie et 1e comportement
prkdateur de Vipera aspis au laboratoire et dans la
nature. Bull. Biol. France et Belgique 99:395-524.
NAULLEAU,
G., AKD X. BONKET.1995. Reproductive
ecology, body fat reserves and foraging mode in
females of two contrasted snake species: Vipera aspis (terrestrial, viviparous) and Eluphe lor~gissima
(semi-arboreal, oviparous). Amphibia-Reptilia 16:
3746.
J. D., G. R. HEPP,K. H. POLLOCK,
AND J. E.
NICHOLS,
HINES. 1987. The husting dilemma: a methodological note. Ecology 68:213-217.
-,
J. R. SAUER,K. H. POLLOCK,
A N D J. B. HESTBECK.1992. Estimating transition probabilities for
stage-based population projection matrices using
capture-recapture data. Ecology 73:30&312.
-,
J. E. HINES,K. H. POLLOCK,
R. L. HINZ,AND
W. A. LINK. 1994. Estimating breeding proportions and testing hypotheses about costs of reproduction with capture-recapture data. Ecology 75:
2052-2065.
1987. Population
W. S., AND M. V. PLUMMER.
PARKER,
ecology. In R. A. Seigel, J. T. Collins, and S. S. Novak (eds.), Snakes: Ecology and Evolutionary Biology, pp. 253-301. McGraw-Hill, New York.
L., AKD P. H. HARVEY.
1988. The ecologPARTRIDGE,
ical context of life history evolution. Science 241:
1449-1455.
PRADEL,
R., A N D J.-D. LEBRETOK.
1993. User's Manual
for Program SURGE 4.2. Document polycopie
CEFE / CNRS, Montpellier, France.
PRESTT,I. 1971. An ecological study of the viper Vipera berus in southern England. J. Zool. (London)
164:373-418.

REINERT,
H. K. 1993. Habitat selection in snakes. 1n
R. A. Seigel and J. T. Collins (eds.), Snakes: Ecology
and Behavior, pp. 201-240. McGraw-Hill, New
York.
SAIKTGIROKS,
H. 1947. Ecologie des viperes: I. Vipera
aspis. Bull. Soc. Zool. France 72:158-169.
.1952. Ecologie et ethologie des viperes de
France. Ann. Sci. Nat., Zool., 14:263-343.
.1957. Croissance et fecondite de Vipera aspis
(L.). Vie et Milieu 8:265-286.
-.
1989. Vipera aspis. In J. Castanet and R. Guyetant (eds.), Atlas de repartition des amphibiens et
reptiles de France, pp. 164-165. Societe Herpetologique de France, Paris.
SAUER,A. 1994. Methode zur Identifizierung der
Schlingnatter (Coronella austriaca). Salamandra
30(1):4347.
SEBER,G. A. F. 1986. A review of estimating animal
abundance. Biometrics 42:267-292.
SEIGEL,R. A. 1993. Summary: Future research on
snakes, or how to combat the "lizard envy". In R.
A. Seigel and J. 7.Collins (eds.), Snakes: Ecology
and Behavior, pp. 395-402. McGraw-Hill, New
York.
SHIRE,R., AKD E. L. CHARKOV.
1992. Patterns of survival, growth, and maturation in snakes and lizards. Amer. Natur. 139:1257-1269.
SOULE,M. E. 1987. Viable Populations for Conservation. Cambridge University Press, New York.
SOUTHWOOD,
T. R. E. 1988. Tactics, strategies and
templets. Oikos 52:3-18.
TURNER,
F. B. 1977. The dynamics of populations of
squamates, crocodilians, and rhynchocephalians.
In C. Gans, and D. W. Tinkle (eds.), Biology of the
Reptilia, Vol. 7, pp. 157-264. Academic Press, New
York.
VIITAKEK,
P. 1967. Hibernation and seasonal movements of the viper, Vipera berus berus (L.), in southern Finland. Ann. Zool. Fenn. 4:472-546.
Accepted: 2 August 1997.

http://www.jstor.org

LINKED CITATIONS
- Page 1 of 3 -

You have printed the following article:
Mark-Recapture Estimates of Survival in Populations of the Asp Viper, Vipera aspis aspis
Thomas Flatt; Stefan Dummermuth; Bradley R. Anholt
Journal of Herpetology, Vol. 31, No. 4. (Dec., 1997), pp. 558-564.
Stable URL:
http://links.jstor.org/sici?sici=0022-1511%28199712%2931%3A4%3C558%3AMEOSIP%3E2.0.CO%3B2-7

This article references the following linked citations. If you are trying to access articles from an
off-campus location, you may be required to first logon via your library web site to access JSTOR. Please
visit your library's website or contact a librarian to learn about options for remote access to JSTOR.

Literature Cited
Capture-Recapture Studies for Multiple Strata Including Non-Markovian Transitions
C. Brownie; J. E. Hines; J. D. Nichols; K. H. Pollock; J. B. Hestbeck
Biometrics, Vol. 49, No. 4. (Dec., 1993), pp. 1173-1187.
Stable URL:
http://links.jstor.org/sici?sici=0006-341X%28199312%2949%3A4%3C1173%3ACSFMSI%3E2.0.CO%3B2-A

Model Selection Strategy in the Analysis of Capture-Recapture Data
Kenneth P. Burnham; Gary C. White; David R. Anderson
Biometrics, Vol. 51, No. 3. (Sep., 1995), pp. 888-898.
Stable URL:
http://links.jstor.org/sici?sici=0006-341X%28199509%2951%3A3%3C888%3AMSSITA%3E2.0.CO%3B2-L

Estimates of Survival from the Sighting of Marked Animals
R. M. Cormack
Biometrika, Vol. 51, No. 3/4. (Dec., 1964), pp. 429-438.
Stable URL:
http://links.jstor.org/sici?sici=0006-3444%28196412%2951%3A3%2F4%3C429%3AEOSFTS%3E2.0.CO%3B2-P

Survival in Relation to Body Size and Growth Rate in the Adder, Vipera berus
Anders Forsman
The Journal of Animal Ecology, Vol. 62, No. 4. (Oct., 1993), pp. 647-655.
Stable URL:
http://links.jstor.org/sici?sici=0021-8790%28199310%2962%3A4%3C647%3ASIRTBS%3E2.0.CO%3B2-N

http://www.jstor.org

LINKED CITATIONS
- Page 2 of 3 -

Selection on Locomotor Performance Capacity in a Natural Population of Garter Snakes
Bruce C. Jayne; Albert F. Bennett
Evolution, Vol. 44, No. 5. (Aug., 1990), pp. 1204-1229.
Stable URL:
http://links.jstor.org/sici?sici=0014-3820%28199008%2944%3A5%3C1204%3ASOLPCI%3E2.0.CO%3B2-C

Explicit Estimates from Capture-Recapture Data with Both Death and
Immigration-Stochastic Model
G. M. Jolly
Biometrika, Vol. 52, No. 1/2. (Jun., 1965), pp. 225-247.
Stable URL:
http://links.jstor.org/sici?sici=0006-3444%28196506%2952%3A1%2F2%3C225%3AEEFCDW%3E2.0.CO%3B2-2

Modeling Survival and Testing Biological Hypotheses Using Marked Animals: A Unified
Approach with Case Studies
Jean-Dominique Lebreton; Kenneth P. Burnham; Jean Clobert; David R. Anderson
Ecological Monographs, Vol. 62, No. 1. (Mar., 1992), pp. 67-118.
Stable URL:
http://links.jstor.org/sici?sici=0012-9615%28199203%2962%3A1%3C67%3AMSATBH%3E2.0.CO%3B2-0

A Rapid, Sexually Selected Shift in Mean Body Size in a Population of Snakes
Thomas Madsen; Richard Shine
Evolution, Vol. 46, No. 4. (Aug., 1992), pp. 1220-1224.
Stable URL:
http://links.jstor.org/sici?sici=0014-3820%28199208%2946%3A4%3C1220%3AARSSSI%3E2.0.CO%3B2-J

The Husting Dilemma: A Methodological Note
James D. Nichols; Gary R. Hepp; Kenneth H. Pollock; James E. Hines
Ecology, Vol. 68, No. 1. (Feb., 1987), pp. 213-217.
Stable URL:
http://links.jstor.org/sici?sici=0012-9658%28198702%2968%3A1%3C213%3ATHDAMN%3E2.0.CO%3B2-O

Estimating Transition Probabilities for Stage-Based Population Projection Matrices Using
Capture-Recapture Data
James D. Nichols; John R. Sauer; Kenneth H. Pollock; Jay B. Hestbeck
Ecology, Vol. 73, No. 1. (Feb., 1992), pp. 306-312.
Stable URL:
http://links.jstor.org/sici?sici=0012-9658%28199202%2973%3A1%3C306%3AETPFSP%3E2.0.CO%3B2-G

http://www.jstor.org

LINKED CITATIONS
- Page 3 of 3 -

Estimating Breeding Proportions and Testing Hypotheses about Costs of Reproduction with
Capture-Recapture Data
James D. Nichols; James E. Hines; Kenneth H. Pollock; Robert L. Hinz; William A. Link
Ecology, Vol. 75, No. 7. (Oct., 1994), pp. 2052-2065.
Stable URL:
http://links.jstor.org/sici?sici=0012-9658%28199410%2975%3A7%3C2052%3AEBPATH%3E2.0.CO%3B2-5

The Ecological Context of Life History Evolution
Linda Partridge; Paul H. Harvey
Science, New Series, Vol. 241, No. 4872. (Sep. 16, 1988), pp. 1449-1455.
Stable URL:
http://links.jstor.org/sici?sici=0036-8075%2819880916%293%3A241%3A4872%3C1449%3ATECOLH%3E2.0.CO%3B2-I

A Review of Estimating Animal Abundance
G. A. F. Seber
Biometrics, Vol. 42, No. 2. (Jun., 1986), pp. 267-292.
Stable URL:
http://links.jstor.org/sici?sici=0006-341X%28198606%2942%3A2%3C267%3AAROEAA%3E2.0.CO%3B2-K

Patterns of Survival, Growth, and Maturation in Snakes and Lizards
Richard Shine; Eric L. Charnov
The American Naturalist, Vol. 139, No. 6. (Jun., 1992), pp. 1257-1269.
Stable URL:
http://links.jstor.org/sici?sici=0003-0147%28199206%29139%3A6%3C1257%3APOSGAM%3E2.0.CO%3B2-F

