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Variation of reproductive traits in a population of the lizard

Lacerta vivipara

Dirk Bauwens and Rudolf F. Verheyen

Bauwens, D and Verheyen, R F. 1987 Variation of reproductive traits in a popula-
tion of the lizard Lacera vivipara — Holarct. Ecol 10: 120-127

Variation in reproductive traits (sexual maturity, clutch size, clutch weight, mean egg
mass, newborn weight) was studied during a four year period in a population of the
live-bearing lizard [ acerta vivipara. Sexual maturity was associated with attaining a
minimum bedy size. Clutch size increased with female body length and litter weight
increased with clutch size, A major component of the within year variation in these
reproductive traits was attributable to female size. Analysis of successive clutches in
individual females indicated that a significant fraction of the variation in litter size
adjusted for female length, was due to consistent differences between individuals
Newborn weight varied within and among litters, but no relations between hatchling
mass or mean egg mass in a litter and other traits were detected

Size-adjusted reproductive performances remained constant during the course of this
study, even though environmental conditicns (weather factors, food availability) var-
ied annually Observed among year variations in reproductive characteristics were at-
tributable to differences in the body size distributions of the adult females
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B-2180 Kalmthout, Belgium, (Present address: Res [nst for Nature Conservation,
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s

1. Introduction

Lizard life histories have received considerable atten-
tion in recent years Numerous thorough studies have
documented variations in life-history traits between spe-
cies (e g. Tinkle 1969, Tinkle et al. 1970, Ballinger 1973,
Vitt and Congdon 1978, Dunham 1981) as well as
among populations of single species (e.g. Pianka 1970,
Tinkle and Ballinger 1972, Dunham 1978, 1982, Van
Devender 1978, Schoener and Schoener 1978, Ballinger
1979, 1983, Ferguson and Brockman 1980, Pilorgs et al
1983, Tinkie and Dunham 1983) Interpretation of these
differences within a conceptual framework such as r-K
selection has however proven to be difficult, inconclus-
ive or even unjustified.

Various authors have recently pointed out the inade-
quancies of the available data. Ballinger (1977, 1983)

and Dunham (1982) have stressed the importance of

considering temporal and non-evolutionary variations
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in life history characteristics and their causal sources
within populations These authors also emphasized that
studies of the genetic basis of the variation in life-history
traits are critically needed In addition, long-term stud-
ies should establish to what extent ditferences in life-
history traits among populations or species are coin-
cident with predicted differences in population fluctua-
tion (Ricklefs 1980) Grant {1983) advocated the inte-
grated study of responses to environmental conditions
at both the individual and population level In the ab-
scence of such data, tests of theories of life-history evo-
lution will probably remain equivocal.

Herein we report results of a four-year study of a
population of the lizard Lacerta vivipara, which was car-
ried out with some of the above points in mind. We will
deal here with the reproductive characteristics of that
population and present data on the between-year and
between-individual variation in some reproductive
traits In particular, we ask what factors contribute to
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the observed variation (Our aim is not to discuss our re-
sults within a theoretical evolutionary framework but
rather to contribute to the data base which may ailow
future tests of theories of life-history evolution in liz-
ards

2 Material and methods

2.1. Animals, study area and general procedures

Lacerta vivipara is a small {adult body length (snout-
veat, SVL, 45-65 mm). diurnal, insectivorous lizard
which is found over & wide range in Europe and central
Asia. It is a ground-dwelling species that behaves like a
typicat heliotherm This live-bearing lizard reproduces
once a year and has a distinct annual reproductive cycle
Mating and ovulation occur in April and May respec-
tively. the young are born during the last weck of July
and the first half of August (Bauwens and Verheyen
1985) The lizards hibernate from October to the end of
February {adult males) or the onset of April (adult fe-
males and immature lizards) {Bauwens 1981)

Data were gathered during the course of a population
study conducted {by DB ) during August 1977-May
198t Some additional data were gathered in July 1981,
Lizards were studied in a 62X41 m fenced plot located
in the Belgian national nature reserve “de Kalmthoutse
heide” (Kalmthout (51°25'N-4"25'E), province of
Antwerp, Belgium) The vegetation of the study area is
characteristic of moist heathland (see Bauwens and
Thoen 1981 for a detailed description).

Lizards were captured by hand, marked individually
by toe-clipping and released after noting identity, sex,
reproductive condition, snout-to-vent length (SVL, to
nearest 0.1 mm), tail length, and weight (to nearest 0 01
g on a portable electric Mettler P1210 balance)

Three age classes could be distinguished by body
length: juveniles (born during the current activity sea-
son}. subadults (born during the preceding year) and
adults (in at least their third season). Within the adults
we distinguished between lizards in third calendar year
and lizards in at least their fourth season This dis-
tinction was possible because we marked and aged
{either as juvenile. subadult or aduit) alt adult females
during preceding years

2.2 Reproductive characteristics

Sexual maturity was assessed by noting the presence of
oviducal eggs (pregnant females show a marked disten-
sion of the body) or the presence of a mating scar (all
mated females that were subsequently recaptured
proved to be gravid) The number of oviducal eggs
could be counted by carefully palpating the females’ ab-
domens

During 1979 and 1980 pregnant females were placed
individually in open air vivaria just prior to parturition
{as estimated by the amount of distension of the body).
In these females, the number of young could be counted
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directly after birth This number always equalled the
number estimated by palpation. Clutch weight was cal-
culated in these fernales as the difference between fe-
male weights just before and after parturition. The
average egg mass for each litter was estimated as the to-
ta clutch weight divided by the number of young in that
clutch; an estimate of the variation of egg mass within
clutches could not be obtained. Following their birth,
juveniles were marked, weighed and together with their
mother released within her home range.

Size adjusted body weight (SABW) was used as an in-
dex for the general body condition of a female. SABW
of an individual female was estimated by its deviation
(observed value minus predicted weight) from the rela-
tion, calculated for all females, between body weight
and SVL (both variables log-transformed) We assume
that a female’s physical constitution (SVL and SABW)
just before or at ovulation, rather than at some later
time, wilt influence her reproductive peiformance
Therefore, measurements of SVL and body weight dur-
ing May (approx . timing of ovulation) were used to ob-
tain estimates of SVL and SABW

2 3. Environmental variation

Records of daily maximum temperatures were available
from the weather station at Essen (4 km NNE), dur-
ation of sunshine was recorded at the station of Ukkel
(34 km SSW) (source: Maandberichten van het K.M.1 :
Klimatologische waarnemingen) These records provide
relative data on the annual and seasonal variation in
weather conditions at the study site.

Ground-dwelling spiders (mainly Lycosa spp )} were
captured in pitfall traps (45X15x15 em), located at both
sides of the fence surrounding the study plot and used to
trap dispersing lizards (see Bauwens and Thoen 1981 for
a detailed description) Traps were installed and re-
moved daily at known times, and the number of spiders
trapped was counted at the end of each day, aliowing
expression of the data as number of spiders captured
per trap-hour. These estimates provide indices of the
relative abundance of only a fraction of the available
prey However, Araneida are important prey for L. viv-
ipara, representing 20-30% of the total number of prey
{Avery 1962, 1966, Itamiés and Koskela 1971, Koponen
and Hiétakangas 1972, Pilorge 1982b) and 40-45% of
the total prey volume (Itamiés and Koskela 1971, Kopo-
nen and Higtakangas 1972)

3. Results

3.1. Envirenmental variation

Data on weather conditions during each year of study
are summarized in Tab 1 Weather conditions, particu-
larly amounts of solar radiation and air temperatures,
affect activity times (Avery 1971, 1976, House et al
1980} and rates of food intake (Avery 1971, 1984) in this
temperate zone lizard and can hence be considered as
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Tab. 1. Summary of meteorological data during different periods and years (see text for definition of ‘assimifation period ) T,
average daily maximum temperature (°C); H,: total duration of sunshine (h min)

1978 1979 1680 1981
I, H, T H, T, H, 1, H,
Apr —May 152 309 .55 15.0. 308 30 157 303 30 i59 300 35
Jun.=Jul 205 316 .45 21 0 291 00 202 272 20 202 257 .50
Aug -Sep 200 265 05 204 336 00 216 322 45 213 322 00
Apr —Sep 186 891 .55 188 93530 192 988 35 191 880 25
Assimilation period 175 594 35 175 57333 181 729 30 188 623 .20

potentially important proximal factors affecting repro-
ductive performances Lizards assimilate the quantity of
lipids necessary for producing the clutch during the in-
terval between parturition and hibernation {August-
September) of the preceding activity season and during
the period between emergence from hibernation and
ovulation (April-May) (Hahn and Tinkle 1965, Avery
1975, Derickson 1976a, 1976b}. This interval has been
termed the “assimilation period” (Tab. 1); weather con-
ditions during this period, rather than at other times,
are considered to be the most likely factors to affect re-
production,

Estimates of spider abundance (Fig. 1) suggest that
more prey was available in 1979 than in 1980. The mean
estimate for each month in 1979 was significantly
greater than that for the corresponding month in 1980
{Mann-Witney U-tests, P = 0 05)

3.1. Sexual maturity

Data on body length during May of 1eproductive and
immature females are shown in Fig 2. None of the fe-
males with a body size (SVL)} = 42 mm were reproduc-
tive The smallest reproductive female had a size of 43
mm, whereas the largest immature lizard measured 45
mm  All females = 46 mm were reproductive Hence a
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Fig. 1. Monthly estimates of the relative abundance of spiders
in 1979 and 1980 Shown are the mean (horizontal line) & 1 SE
(vertical bar} and the range (vertical fine).
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SVL of 4345 mm can be considered as the minimum
size of reproductive females Lizards surpass this size in
their third (age: 21 months) or fourth (age: 33 months)
season

The percentage of females maturing in their third sea-
son varied considerably between years (G = 29 993, 3
df, P < 0.001; Tab. 2) and was correlated with the aver-
age SVL. of this cohort {1 = 0960, P < 0.05). Thus, the
relative number of reproducing third calendar year fe-
males is largely dependent on the body size distribution
of this group at the time of ovulation (May) All = 4th
year females were sexually mature

3.2 Clutch size

Mean clutch size of reproductive females varied among
years (ANOVA: F = 3.721, 3 and 96 df, P < 0.02; Tab
2). Litter size was related to SVL in each year of study
(Fig 3; P < 0 001in all cases) and there were significant
differences in female size between years (ANOVA: F =
6510, 3and 96 df, P < 0 001; Tab. 2} An analysis of co-
variance was used to test for differences between the
vearly clutch size-SVL relations This analysis revealed
no significant differences between slopes (F = 1 570 3
and 92 df, P > 0 20) and intercepts (F = 1 099, 3 and 95
df, P > 0 30) of the regression equations Accordingly,
the adjusted means of clutch size in all years were com-
parable (Tab 2) Observed variation among years in
mean litter size was therefore explained by differences
in body iengths of the reproductive females,

Next, we analysed among-individual differences in
clutch size We used a stepwise multiple regression
analysis to determine the relations between litter size
and the independent variables SV, SABW and mean
egg mass [hese data were available for a subsample of
25 females reproducing in 1979 or 1980

Clutch size was significantly refated to SVL (r =
0747, P < 0 001). Mean egg mass and SABW did not
account for a significant fraction of the remaining vari-
ance in litter size. So, of the variables considered here,
the number of young produced was only related to SVL.

In a further step, we concentrated on analysing the
residual variance in litter size, by using deviations from
the yearly cluich size-SVL relations as estimates of
SVL-adjusted litter size (SALS) In 17 individual fe-
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Fig 2 Body size distributions of aduft females as measured
during May in different years We distinguished between non-
reproductive 3rd calendar year females (open). reproductive
3rd year fomales (cross-hatched) and reproductive 2 4th year
females (hatched)

males, we determined clutch sizes during successive
years {one female in 4 years, one in 3 years, fifteen in 2
years) These data allow partitioning of the phenotypic
variance in SALS into variance within individuals and
variance among females. A significant fraction of the
variation in SALS was due to differences between fe-
males (ANOVA: F = 3.532, 16 and 20 df, P < 0.01),
yielding a repeatability-estimate (£ 1 SE) equalling
0.538 £ 0.167 Hence, approximately half of the vari-
ance in SALS is due to variation among females

3.3 Clutch weight

Mean clutch weight at parturition equalled 1 68 g (s =
0 44, n = 31}, Variation in clutch weight was analysed as
a function of litter size, female size (SVL) and SABW
Clutch weight increased both with litter size (r = 0.876,
P <0.001) and SVL (1 = 0.731, P < 0.001) The former
variable was selected as the most significant factor in a
stepwise regression analysis Subsequently calculated
partial correlations were not significant (P > 0 20), in-
dicating that SVL and SABW did not account for a sig-
nificant fraction of the remaining variance in litter
weight The increase in clutch weight with female size
must hence be attributed te increasing egg numbers

3.4 Egg weight

Mean egg mass {at parturition) for ali litters was 0 37% g
(s = 0 042, n = 31). Average egg mass was somewhat
higher in 1979 than in 1980 {Tab. 3), but the difference
was not significant (t = 1422, 29 df, P > 0 10) Mean
egg mass in a litter was not correlated with clutch size,
SALS, SVL or SABW

3.5. Hatchling weight

Data on juvenile weight at birth are summarized in Tab.
3 Juveniles were heavier in 1979 than in 1980 (1 =
3.314, 102 df, P < 0.01). Average hatchling weight in
each litter comprised about half of the mean egg mass
(1979: 2 =49%,5s =9 n= 10; 1980: £ =47%,s=7,n
= 17) In both years a significant fraction of the vari-

Tab 2 A. Proportion of reproducing females and SVL (mean £1SE} as measured during May, in the two adult age groups in dif-
ferent years. B. Clutch size (mean +1 SE), SVL as measured during May, and adjusted mean clutch size in different years.

1978 1979 1980 1981
A 3year @9
% repr 52.8 66.7 94.3 1000
SVL 45.0=0.5 44 8+£12 50 00 3 332+06
n 36 12 35 22
=4 year 99
Y% repr 100.6G 100 0 1000 100 0
SVL 528+03 534+04 54 607 54 8+09
n 38 46 13 9
B Clutch size 39+02 45+0.2 444072 48+02
SVL 51.40.6 54 107 524206 54 807
Adjusted clutch size 43201 42201 45+01 4 4x0.1
n 27 22 27 24
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Fig. 3. Relations between r 1978
clutch size and female length 61
(SVL) in different years r . . . =
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ance in juvenile weight was due to differences among
litters (ANOVA: P < (0 001 in both analyses) We found
no significant correlations between mean hatchling
weight in each litter and the independent variables
clutch size, SALS, SVL, SABW and mean egg mass
Consequently, the low SALS and high mean egg mass in
the 1979 females whose young were weighed (Tab. 3),
do not explain the high weight of the 1979 juveniles.

Tab 3. Size-adjusted litter size {SALS), mean egg mass for
each litter and mean individual hatchling weight in 1979 and
1580. Shown are the mean % 1 SE and sampie size (in brack-
ets) (SALS is shown only for those females whose clutches and
young were weighed)

SALS Mean egg Hatchling
mass (g) weight (g)
1979 -0243+£0.148  0392+0013 0 190+0.005
(13) (13) (33)
1980 (1350 132 037020 009 0.172+0 003
{18} (18) (71)
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4. Discussion

Two major sources of variation may contribute to the
phenotypical variance in life-history traits within a
population: (1) variation between females within each
year, and (2) variation between years.

Much of the observed among-individual variance in
reproductive traits was attributable, either directly or
indirectly, to female size. In our population, females
mature in their third activity season, provided that they
attain a body size of approximately 4345 mm during
May; otherwise they delay reproduction to their fourth
activity season. These data suggest that sexual maturity
is associated with attaining a minimum body size, rather
than a minimum age This suggestion is confirmed by
the results obtained by Heulin (1985) in a French popu-
lation of L. vivipara, where a proportion of the females
surpass a size of 4042 mm and are sexually mature in
their second activity season {our subadults)

Clutch size, and consequently clutch weight, in-
creased with female length during each year of study,
confirming results of previous studies on this lizard
(Avery 1975, Pilorge et al 1983, Heulin 1985)

Consistency of size adjusted litter size across years

HOLARCTIC ECOLOGY 10:2 (1987)




wits eslimated in females for which pregnancics were
chserved in successive years The significant repeataini-
ity score indicated that individual females are likely to
produce litters of a similar length-adjusted size in diffet-

ent years. Such consistent differences may result either

from genetic or from lasting differences in environ-
mental conditions among individuals (Falconer 1981)
The notion of repeatability bears a relation to popula-
tion genetics in that it sets an upper limit to the possible
heritability score (the ratio of additive genetic vartance
to phenotypic variance) of a trait (Falconer 1981} Al-
though we cannot distinguish between the contribution
ol genetic and environmental factors to the differcnces
among females, our results do not exclude the pos-
sibility that clutch size is heritable in our population

Hatchling mass varied significantly among clutches,
suggesting that some phenotypical attribute of the fe-
male contributes to the variation in juvenile size The
proximal causes of this variability however remain ob-
scure, as no relations with other considered traits were
detected The absence of a relation between mean
hatchling weight and mean egg mass in a litter is re-
markable, and should probably be attributed to differ-
ences among clutches in the relative mass of membranes
and extra-embryonic water. This parallels the finding by
Pilorge et al. (1983) of considerable differences between
years and between populations in the ratio total off-
spring weight/clutch weight.

Although absolute reproductive output varied mark-
edly among years. size-adjusted reproductive perform-
ance rtemained approximately constant during the
course of this study. Among year variation in the rela-
tive number of reproducing females and in clutch size
was therefore attributable to differences in the body size
distributions of the adult females In contrast, studies of
other lizards have revealed significant between-year
variation in various reproductive traits (clutch fre-
quency, clutch size and weight) (Hoddenbach and
Tuiner 1968 Vinegar 1975, Martin 1977, Ballinger
1977, Vittet al. 1978 Dunham 1981. Turner et al 1982
but sec Van Lobun Sels and Vitt 1984) Most relevant in
this 1espect are the studics of Ballinger (1977) and Dun-
ham (1981), showing the effect of food availability on
reproduction in lizard populations Significant among-
year variation in reproductive iraits was also evident in
a population of [. vivipara studicd by Pilorge et al
(1983). Appropriate analysis of thelr data revealed sig-
nificant variation in clutch size in ene of their popula-
tions (Lac Pavin. France) {(SVL-adjusted means: 1978
6 % 1980: 3 2: 1981: 5 4). Between-year differences in
size-adjusted clutch weight were also apparent in that
pepulation (Pilorge et al. 1983). Panigel (1956), whose
lizards were collected within the same area, reported
considerable between-year variation in the timing of ov-
ulation and parturition. During the course of our study
no such variability in the timing of reproduction was ap-
parcnt (Bauwens and Verheyen, 1985)

The relative constancy of reproductive investments in
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our population suggests that fluctuations of environ-
mental conditions remained within levels that enabled
females to assimilate the energy required for the #ccom-
plishment of a typical reproductive performance In L
vivipara, rates of food consumption are probably de-
pendent on the amount of food available, and are
known to be directly proportional to the period for
which activity temperatures can be maintained through
behavioural thermoregulation (Avery {971, 1984).
Abilities to thermoregulate and activity times of this liz-
ard are strongly dependent on air temperatures and the
duration of sunshine (Avery 1971, 1976 House et al
1980, Van Damme et al in press) Avery (1984) has ex-
perimentally demonstrated that growth rate in juvenile
L. vivipara is proportional to the rate of food intake
Weather conditions (and food availability) are thcrefore
expected to induce changes in growth rates through af-
fecting activity times (Avery 1971, House ct al 1980)
and rates of food intake (Avery 1971, 1984) This impii-
cation is confiimed by the finding that seasonal and an-
nual variation in growth rate and body weight of juve-
nile and subadult lizards was related to variations in
weather conditions and food availability in our study
population (Bauwens 1985). Hence, observed fluctua-
tions in weather conditions and food availability were
seemingly severe enough to affect growth rates of juve-
nile and subadult lizards, and consequently induced de-
layed among-year differences in the body size distribu-
tions and absolute reproductive output of the adult fe-
males  In  contrast, size-specific  reproductive
performances were constant and apparently not af-
fected by observed variations in environmental factors

Several hypothesis might explain this coincidence of
similar teproductive investments with variable growth
rates across years. First, it may be argued that rates of
energy intake are not affected by the same environ-
mental conditions in adutt females and non-reproduc-
tive lizards This hypothesis is however not supported
by the findings of Avery (1971} who convincingly dem-
onstrated that rates of food intake are dependent on
weather conditions in lizards of all age classes

Second, it can be suggested that females allocate but a
minor fraction of their energy into reproduction The
production of the clutch in L vivipara has been esti-
mated to represent 7-9% (Avery 1975) or 3-10% (Pii-
orge 1982a) of the annual assimilation. and 28-35% ot
the energy assimilation during the period between
emergence from hibernation and ovulation (Avery
1975) Especiaily the latter estimate indicates that re-
productive investment is not a negligible portion of this
lizard’s energy budget

Alternatively, it may be hypothesized that temales
would respond to periods of decreased resource avail-
ability by allocating a higher proportion of the available
energy toward reproduction Although this hypothesis
remains untestable in the absence of data on energy
budgets in individual females, other studies have sup-
ported the idea of flexible energy allocation in lizards
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We have previously (Bauwens and Verheyen 1985) sug-
gested that differences in the timing of reproduction be-
tween individual female L. vivipara are induced by a
size-related shift in the allocation of energy toward
growth or reproduction Van Devender (1978) provided
convincing evidence that in response to decreased food
levels, females ni the lizard Basiliscus basiliscus facul-
tatively modify growth rates in favour of reproductive
activities
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