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time, and temperature have accumulated over
the last 20 years, with much information coming

from captive-bred animals. Useful interspeci®c
summaries of available ®eld data are provided
by James et al. (1992) and Pianka (1994). Horn
and Visser (1989, 1997) summarize data orvar-
anusreproduction in captivity.

MATERIALS AND METHODS

Considerable confusion exists over nomencla-
ture for some species (e.g. goulditpanoptésand
future taxonomic revisions will probably divide
several existing species into more species (e.g.,
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reported in Thompson and Withers, 1997), but,
in the absence of maternal body volumes, body
length, and maternal SVL data for most species
for which we have accumulated reproductive
output data, maximum SVL for the species is
the best alternative. Greer (1989) lists SVl
for 24 species of Australian varanids and
Thompson and Withers (1997) provide SVL,,.,
for 18 species of Western Australian varanids.
Data from these two lists form the basis for the
SVl Of Varanus species studied here. Data
from Auffenberg (1981, 1988, 1994), Branch
(1991), Horn and Visser (1991), and personal
records were used to supplement these records.

V. albigularis, V. exanthematicus, V. gouldii, V. paWhere SVL,,,, for a species was not available, it

optes, V. scalaris, V. tristéd V. varius King and
Green, 1999). We use Storr's (1980) nomencla-
ture for gouldii and panoptesAlthough it might
be desirable to analyze reproductive data at the
subspecies level to minimize potential errors,
subspecies have been grouped and dealt with at
species level because most literature data do not
indicate subspecies or speci®c capture location
of specimens, precluding any subspeci®c assign-
ment.

Adult sizebBased on an examination of vivipa-
rous and oviparous Lerista bougainvilljii Qualls
and Shine (1995) report reproductive output in
lizards is in"uenced by maternal body volume.
Data on maternal body volume for Varanusare
not available. Abdomen length would be next
most useful measure because it is likely to be
directly proportional to body volume. However,
these data are also unavailable for most species.
Presuming abdominal length is strongly posi-
tively correlated with SVL, SVL is the next best
measure. For this analysis, we presume tha¥ar-
anus abdomens (and thus body volumes) are
similar in shape (Thompson and Withers,
1997), making body volume proportional to
body length. Maternal SVL measurements are
not available for most literature data on egg
mass, clutch size and neonate size. Total length
(TL) is not a good measure of body size because
it includes tail length, and ends of tails are often
missing (Thompson and Withers, 1997). An al-
ternative measure of size is body mass. Body

is estimated from the interspeci®c regression
equation of total length (TL) with SVL [SVL ..,
= 0.0187 (SE= 0.0198) + 0.328 (SE* 0.0173)
TL (m) ( r2 = 0.94, P < 0.001)] based on the
maximum TL reported for the species by De
Lisle (1996) and the longest SVL from either
Greer (1989) or Thompson and Withers (1997;
Appendix).

Data sourceBData come from two primary
sources; captive bred varanids and ®eld obser-
vations (wild-caught specimens). These data are
not always comparable, but data from ®eld ob-
servations remain scarce or nonexistent for
many species. Where possible, data from wild-
caught and captive-bred records are analyzed
separately to enable comparisons. Because few
data are available for neonate mass, SVL, and
TL for wild-caught specimens, the mean of the
combined wild-caught and captive-bred data are
presented and used in subsequent analyses. Lit-
erature data are often presented in summarized
form so that individual egg or clutch mass,
clutch size, or neonate size for speci®c maternal
specimens could not be determined. Grand
means for species are reported and used in all
regression equations for individual egg mass,
clutch size and mass, neonate mass, SVL, and
TL. Clutch mass was estimated by multiplying
mean egg mass by mean clutch size for each
species.

Temperature is a major determinant of in-
cubation period (Van Damme et al., 1992; Phil-

mass is excluded as a suitable measure of sizelips and Packard, 1994). Incubation tempera-

because it depends on an animal's condition
and reproductive status at the time of measure-
ment and, again, is not available for most data
on Varanusreproductive output. Therefore, we
selected maximum reported SVL for each spe-
cies as the measure of “size" for each species
in our allometric analyses. Varanids are gener-
ally sexually dimorphic, with males growing
larger than females (unpubl. reanalyses of data

ture among species bred in captivity ranged
from 26+33 C, except for a single record for V.
brevicauda(Schmida, 1974) deleted from our
analyses. When a range of temperatures is re-
ported for incubation, we used the midpoint.
To facilitate comparisons, all incubation tem-
peratures were adjusted to 30 C. To do this, in-
cubation periods for V. albigularisare combined
for three different water potentials ( —150,



THOMPSON AND PIANKADVARANID EGG AND NEONATE SIZE

—550, —1100 kPa) at each temperature (27, 29,
and 31 C) as provided by Phillips and Packard
(1994) and the regression equation for the
curved line of best ®t through these data cal-
culated. Q,,-values between 27 and 30 C and 30
and 33 C were calculated (0.48 and 0.77, re-
spectively) and used to adjust all incubation pe-
riods to the same standard temperature of 30 C.
Intraspeci®c relationships between clutch size
and maternal SVL were determined from ®eld
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technique can yield nonsensical results, because
it does not use any information about the co-
variance between the Y and X variates, and as a
consequence recommend against its use, al-
though Christian and Garland (1996) report
major axis exponents in conjunction with linear
regression size exponents. All other studies cit-
ed for comparative purposes (Blueweiss et al.,
1978; Ford and Seigel 1989; James et al., 1992)
used least-squares regression. Therefore, we use

data for V. brevicauda, V. caudolineatus, V. eremiugqst-squares regression in all data analyses and

V. gouldii,and V. tristiscollected from live West-
ern Australian varanids captured over the last
33 years (Pianka, 1994; supplemented with data
collected more recently). Other data were ac-
quired for V. spenceifirom Pengilley (1981:®g.
2), for V. olivaceudsrom Auffenberg (1988:®g
8.3), for V. albigularisfrom Branch (1991:®g.
11), and for V. salvatoffrom Shine et al. (1998).
Egg and clutch volumes for wild-caught V. brev-
icauda, V. eremius, V. tristiand V. gouldiiwere
determined by volumetric displacement in grad-
uated cylinders.

Intraspeci®c analyses of clutch mass, clutch
size, and neonate size are undertaken forV. mer-
tensi These data were provided by B. Eiden-
miller (pers. comm.) and Eidenmé&ller and
Wicker (1995) from a single pair of V. mertensi.
This analysis provides an indication of variability
among clutch and neonate sizes for captive-bred
varanids.

Statistical analys&¥All data were logarithmically
transformed to the base 10. Regression analyses
are strictly valid only if variance in Y is indepen-
dent of X and if the independent variable has
no measurement error. The X variate is likely
to contain errors because SVl,,,, for adult var-
anids has in a number of circumstances been
estimated from an interspeci®c regression equa-
tion of the relationship between SVL and total
length and from data accumulated in museums.
Measurement of SVL in live and dead speci-
mens is also subject to minor variation depend-
ing on the extent to which the specimen shrunk
following preservation or was ““stretched" dur-
ing measurement. Length and mass of neonates
have also been used as independent variables to
predict incubation period and these variables
may also contain measurement error for the
same reasons. Zar (1984) suggests that errors in
X variates are often impossible to eliminate in
biology. Major axis and reduced major axis anal-
yses can reduce error in both variates, although
differences between the three models are small
when the coef®cient of determination is greater
than 0.9 (Harvey and Pagel, 1991). Harvey and
Pagel (1991) indicate that reduced major axis

comparisons. However, slopes for major axis
and reduced major axis analyses are included in
tables should readers wish to access these data.
Statistical con®dence limits ofP < 0.05 are used
in all analyses.

Linear regression to determine allometric re-
lationships assumes that data points are inde-
pendent. For data examined here, species
means cannot be assumed to be independent
because they have evolved as part of a hierar-
chical phylogeny. Felsenstein's (1985) method
of phylogenetically independent contrasts is of-
ten used in analysis of such datasets to control
for phylogenetic relatedness (Harvey and Pagel,
1991; Christian and Garland, 1996). The Var-
anus phylogeny is not completely resolved and
phylogenetic branch lengths are largely un-
known even for reported phylogenies (Baver-
stock et al., 1993; Fuller et al., 1998). We use
the phylogeny for Varanidae reported by Fuller
et al. (1998), with branch lengths taken from
measurements from their ®gure 4 (D. King,
pers. comm., indicated branch lengths shown
are indicative of those calculated from the anal-
ysis). This phylogeny is supplemented with ad-
ditional species from the phylogenetic infor-
mation reported by Baverstock et al. (1993) and
branch lengths for these data reported in Chris-
tian and Garland (1996). Speci®cally, we have
placed into the proposed phylogeny of Fuller et
al. (1998) and estimated relative branch lengths
for V. storri, V. semiremex, V. glebopalma, V. gilleni,
V. spenceri, V. rosenbergi, V. panogtesy. indicus
from Christian and Garland (1996) and V. a-
vescenand V. griseusfrom Baverstock et al.
(1993). We added V. caudolineatusn the bases
of its morphological similarity with V. gilleniand
its distribution. The phylogeny used is shown in
Figure 1. Where a datum for a variable was un-
available for a particular species that branch was
deleted from the phylogeny and from the anal-
ysis. Scaling exponents were estimated using
phylogenetically independent contrasts calculat-
ed by the PDTREE computer program (vers.
5.0) described in Garland et al. (1993).
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Fig. 1. Phylogeny and branch lengths forVaranus
used in the phylogenetic analysis. See text for data
sources.

REsSULTS

Incubation peria®Incubation times (standard-
ized to 30 C) varied widely among species (see
Appendix) and are signi®cantly and positively
correlated with SVL,,, (r> = 0.53), individual
egg mass (2 = 0.33), neonate SVL (> = 0.56),
and neonate body mass (2 = 0.75); with re-
gression equations shown in Table 1. Slopes of
regressions to predict incubation time from the
equation log,, incubation time at 30 C (days) =

a + blog,, X are as follows: egg mass 0.18, ne-
onate body mass 0.25, neonate SVL 0.71, neo-

nate TL 0.67, and SVL,,, 0.37 (Table 1). With
phylogenetic effects removed, slopes of regres-
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sions on SVL are as follows: egg mass 0.13, ne-
onate body mass 0.24, neonate SVL 0.47, neo-
nate TL 0.57, and SVL,,,, 0.37 (Table 2). Slopes
of phylogenetically corrected and noncorrected
regression equations cannot be evaluated for
statistical differences because the PDTREE pro-
gram forces the regression line through the or-
igin. Inspection of slopes and standard errors
for phylogenetically corrected and noncorrect-
ed exponents suggests that removal of phylo-
genetic effects has little impact on log,g-trans-
formed predictors of incubation time. Correla-
tion coef®cients are, however, lower for phylo-
genetically corrected data, implying that there
is some phylogenetic effect.

Egg masBIndividual egg mass is positively cor-
related (r?2 = 0.78, P < 0.05) with SVL,,, (Table
3). The slope of the regression of egg mass on
SVL,. is 1.51. Mean volume of oviductal eggs
for V. brevicauda, V. eremius, V. tristisd V. goul-
dii are 0.92cc (0 = 2), 1.94cc (n = 3), 3.45cc (n
= 11, SE+ 0.176), and 7.21cc ( = 3), respec-
tively. The slope of the regression of individual
oviductal egg volume on maternal body mass
(based on species means) is 0.51, and the slope
of the regression of individual oviductal egg vol-
ume on maternal SVL is 1.56, indicating that
oviductal egg volumes decrease proportionally
as species maternal mass increases (but the pro-
portional individual oviductal egg volume in-
creases with increases in species maternal SVL).
When phylogenetic effects are removed, the
correlation between SVL,,. and egg mass is re-
duced from r2 of 0.78 to 0.43, and the slope of
regressions on SVl is reduced from 1.51 to
1.17 (Table 4), suggesting that phylogeny is cor-
related with either the dependent or indepen-
dent variable or both.

Neonate siZ2Mean neonate mass and SVL as
well as individual egg mass for each species are
strongly and signi®cantly positively correlated
(neonate body mass with neonate SVL,r? =
0.90,P < 0.01; neonate body mass with egg mass

TaBLE 1. THE RELATIONSHIP BETWEEN INCUBATION PERIOD AT 30 C AND NEONATE SVL (m), NEONATE TL (m),
NEONATE Boby MAss(g), M aximum ApuLT SVL (m) AND INDIVIDUAL EGG MAss(Q).

Variables a+ SE b+ SE MA RMA Fy P ? n
logy, individual egg mass (g) 1.97 (= 0.100) 0.18 (= 0.071) 0.19 0.31 6.3%,; <0.05 0.33 15
log,, neonate body mass (g) 1.89 (+ 0.040) 0.25 (= 0.034) 0.25 0.28 52.50,, <0.01 0.75 19
log,, neonate SVL (m) 0.75 (£ 0.293) 0.71 (+ 0.150) 0.94 0.96 22.81,, <0.01 0.56 20
log,, neonate TL (m) 0.61 (+ 0.243) 0.67 (= 0.104) 0.78 0.81 41.02,, <0.01 0.67 22
10919 SVLpay (M) 2.31 (= 0.0385) 0.37 (*x 0.074) 0.42 0.52 25.75,, <0.01 053 25

Values are from the regression equation log, incubation time at 30 C (days) = a + blog,, X, = 1 SE, and the slopes of the major axis (MA) and

reduced major axis (RMA) regression equations.
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TABLE 2. THE RELATIONSHIP BETWEEN INCUBATION PERIOD AT 30 C AND NEONATE SVL (m), NEONATE Bopy
Mass (g), Maxivum ApuLt SVL (m) AND INDIVIDUAL EGG MAss (g) U SING PHYLOGENETICALLY INDEPENDENT

CONSTRASTS
Variables b+ SE MA RMA Far P ? n
log, individual egg mass (g)  0.12 (+ 0.085) 0.11 0.31 1.5, ns 0.11 13
log,o neonate body mass (g)  0.24 (£ 0.045) 0.25 0.29 28.8,5 <0.01 0.68 14
log,, neonate SVL (m) 0.47 (= 0.251) 1.11 1.05 3.5, ns 0.20 15
log,, neonate TL (m) 0.57 (x 0.179) 0.85 0.90 10.2;¢ <0.05 0.41 16
10919 SVLay (M) 0.37 (= 0.099) 0.44 0.56 1374 <0.01 0.43 19

Values are from the regression equation log, incubation time at 30 C (days) = a + blog,, X, = 1 SE, and the slopes of the major axis (MA)

reduced major axis (RMA) regression equations.

r2 = 0.98,P < 0.01; neonate SVL with egg mass
r> = 0.89,P < 0.01). Mean SVL,,,, for each spe-
cies is signi®cantly positively correlated with spe-
cies means for neonate mass® = 0.85, P <
0.01) and neonate SVL (> = 0.80, P < 0.01;
Table 3). Without removal of phylogenetic ef-
fects, slopes of regressions on SVl,, for neo-
nate body mass, SVL and TL are 1.57, 0.50 and
0.51, respectively. Neonates of larger species are
longer in absolute size (SVL), however, as a pro-
portion of maximum adult size, neonates of
smaller species are proportionately larger than
those of larger species. Neonates of larger spe-
cies are proportionately heavier than those of
smaller species. With phylogenetic effects re-
moved, slopes of regressions on SV, of neo-
nate body mass, SVL and TL are 1.66, 0.55, and

caught and captive bred specimens are 0.65 and
0.81, respectively. When phylogenetically cor-
rected, slopes are slightly lower at 0.58 and 0.76,
and correlation coef®cients are also lower (Ta-
bles 3+4).

Slopes of regressions on SV|, for intraspe-
ci®c relationships for log,, clutch size varied sig-
ni®cantly among species £ ;5 = 3.5, P < 0.05;
Table 5). Shine and Greer (1991) argue that
variance in clutch size should be measured us-
ing the coef®cient of variation (CV) instead of
the standard deviation. We calculated CV from
®eld data for nine species. The positive corre-
lation (r? = 0.51,P = 0.16) between mean SVL
for each species andCV for each species is not
statistically signi®cant (Table 5).

The common slope of intraspeci®c regres-

0.60, respectively. These values as well as corre-sions of clutch size on maternal SVL is 2.53. The

lation coef®cients are similar to those when ef-
fects of phylogenetic relatedness are not re-
moved (Tables 3+4).

Clutch siz®Clutch size varies widely among
species (Appendix 1). Interspeci®c relation-
ships between means of clutch size and means
for maternal SVL for nine wild-caught species

only signi®cant differences among the nine spe-
cies are betweenV. olivaceusind V. tristis, V. oli-
vaceusand V. albigularis and V. olivaceusnd V.
eremiusThe steep slope (6.11) for V. olivaceus
undoubtedly is responsible for these differences
(Table 5).

Slopes of regressions on SVL are generally
higher within species than between species, in-

(V. albigularis, V. brevicauda, V. caudolineatus, Micating that maternal SVL in uences clutch
eremius, V. gouldii, V. olivaceus, V. salvator, V. speire more than SVL,,,,. Comparison of slopes of

ceri, V. tristisis best expressed by the signi®cant
log-log regression equation log,, clutch size =
—1.58 (SE =+ 0.400) + log,, 1.05 (SE = 0.164)
SVL (mm)( F, g = 40.66, P < 0.001,r? = 0.85).
When phylogenetically corrected, the regres-
sion equation for the same data is log, clutch
size= 0 (se = 0.00) + log,o 1.02 (SE = 0.384)
SVL (mm) ( F, = 7.01, ns,r?2 = 0.50). Although
slopes are similar, the noncorrected regression
equation is a better predictor of clutch size than
the phylogenetically corrected equation which
forces a zero intercept. SVL,,, for all species is
signi®cantly positively correlated with species
means for both ®eld and captive bred clutch
sizes (2 = 0.50;r2 = 0.57, respectively). Slopes
of regressions on SVl for clutch size for wild-

ellipses estimated to enclose 95% of the distri-
bution of clutch sizes based on maternal SVL
with the interspeci®c regression line based on
all nine species highlights these differences
(Fig. 2). Slopes of regressions of clutch size on
maternal SVL are signi®cant for ®ve of the six
larger species:V. tristis, V. spenceri, V. albigularis,
V. olivaceusand V. salvatorlt is more dif®cult to
determine the relationship between clutch size
and maternal size for smaller species because of
limited variation in both clutch size and mater-
nal SVL (see Table 5).

Clutch mas®Clutch mass is signi®cantly corre-
lated with SVL,,, for both wild-caught (r?
0.81) and captive bred (r? 0.88) varanids.
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B o e e i oy O Slopes of regressions on SV|, for clutch mass

fladadAaNNN are 2.1 and 2.4 for wild-caught and captive spec-
imens, respectively (Table 3). However, removal
of phylogenetic effects reduces these slopes to

signi®cantly correlated, all three are positively
correlated with incubation period. Larger eggs
take longer to hatch than smaller eggs, but the
allometric relationship is negative. For example,
the 3.1 g egg ofV. caudolineatugnax. body mass
24 g, max. SVL= 0.132 m) is predicted to take
113 days to hatch at 30 C, whereas the much
larger 132 g egg of V. komodoens{snax. body
mass 250 kg, max. SVIL= 1.25 m) takes slightly
less than double the incubation period (220
days). This increase in incubation time for larg-
er species that produce larger eggs is also evi-
dent in Horn and Visser (1989, 1997).
———————— Taking into account that specimens from low-

Variables

WO~ Oo 9
i Sa222E2z P 1.4 and 1.7; correlation coef®cients for the phy-
5 logenetically corrected data are also lower (Ta-
é ble 4). The slope of the regression of total ovi-
« | |228325885% ductal clutch volume on maternal body size is
2 VAVAVAVAVAVAVAY 0.91, and the slope for total oviductal clutch vol-
s ume on maternal SVL is 2.85, indicating that
v total clutch volume decreases proportionately
3 I R with maternal mass, but total clutch volume in-
2 || fTOITEF S creases with increasing species SVL (Table 6).
< 0= Mo MmN
w g Varanus mertengiData from a single pair of
ol Nowo<ouo |E captive V. mertensprovide an indication of var-
£ z : g 3 2 2 : g g g iability in clutch, and neonate size and mass.
= 5 Standard error of the mean and CV are indica-
Ll a . .. . . .
& g tions of variation in reproductive attributes.
w S8 SIHENBH (2 Mean size for 19 clutches ofV. mertenss 7.0 (SE
< o daNN—doO |2 + 0.23,CV = 14.2%), mean individual egg mass
2 £ is 41.3 g (SE+ 1.61,n = 15, CV = 15.1%),
ZD ggg@g@gg 8 mean neonate body mass is 29.6 g (SE- 0.81,
Z |ul2o92wNao0 (g n = 14, CV = 10.2%), mean neonate SVL is
g2 21999599 E 125.2 mm (SE = 1.15,n = 15, CV = 3.6%), and
§ o :;:;;::; g mean TL is 180.2 mm (SE=* 2.03,n = 9,CV =
hloS®bhomm |2 3.4%).
o “oodadoo B Figure 3 summarizes all the data that are ar-
2 < ranged by probable geographically distinct
O N~~~ e~~~ |2 . . S
o cloabobo |, clades. This ®gure illustrates phylogenetic iner-
& luw s2222228 |8 tia: close relatives tend to be more similar than
(=] . . .
z i T 4 |E more distantly related pairs of species, as ex-
§ 5555555: 2 pected. Moreover, larger species have. higher
o Gidd@ada |8 values for all variates and smaller species tend
(f‘QT g to have lower values.
=
3 z DiscussioN
i S
o] u Incubation peria®Phylogenetic and nonphylo-
" " genetic analyses indicate similar trends for the
£ & relationship between incubation period with
2 o egg and neonate mass and neonate size (Phil-
o . . . ..
2 2 lips and Millar, 1998). Because individual egg
< +
o - mass, neonate body mass, and neonate SVL are
X
Q
o
=
w
=
[e]
3
<
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0g,, wild-caught clutch size and log, maximum SVL of adults

0g,, captive clutch size and log, maximum SVL of adults
0g,, wild-caught clutch mass and log, maximum SVL of adults

0g,, captive clutch mass and log, maximum SVL of adults
09g,, Neonate total length and log ;, maximum SVL of adults

0g,, heonate body mass and log, maximum SVL of adults
09, heonate SVL and log,, maximum SVL of adults

0g,, €99 mass and log, maximum SVL of adults

Values are from the regression equation log, Y
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er latitudes generally oviposit earlier than those
R R R s 9 from higher latitudes (_James et al., 1992) an_d
the onset of reproduction may vary with ambi-
ent temperatures (Thompson and Pianka,
1999), our data suggest a difference in incuba-

L1329 33KkR tion period between two Australian subgenera.
Socococcoo© A number of the smaller Odatrian species [e.g.,
V. acanthurus, V. caudolineatus, V. brevicauda, V.
eremius, V. tristiKing and Rhodes, 1982; Pian-
o oo ka, 1994; Thompson and Pianka, 1999)], and
al2egeg282 perhaps all, from the semiarid and arid regions
VooV VvV of Australia, lay their eggs at the beginning of
the warmer months (James et al., 1992; Thomp-
son and Pianka, 1999). These eggs incubate
SRS FIF L over summer and normally hatch toward the
B oo wt o~ 3 end of summer. In contrast, the larger Varanus
YO IRBWw subgenus species [e.g.V. gouldii, V. rosenbergi, V.
varius, V. giganteufing and Green, 1979; Pen-
gilley, 1981; Boylan, 1995; pers. obs.)] with lon-
<|loocomat oo N ger incubation periods lay their eggs later in
z : :.' : : 2 °,°. g g summer and eggs incubate over remaining sum-
mer months through the much colder winter
period before hatching in late spring or sum-
o mer. This difference in incubation period is ev-
< 238 o $&58B ident in Figure 4, where the slope of the re-
N—TIdMANAdO O . .
gression for odatrians that lay eggs that hatch
in the consecutive spring to summer seasons is
P much “atter than for larger species.
38388888 ng s -
WS oo P Egg and o_ffspnng snf:_ePhongen_etl_c and non-
Y I R phylogenetic analyses indicate similar trends for
il N the relationship between egg mass, clutch size
i g '; R g g and mass, and neonate size and mass with max-

imum adult SVL (Tables 3+4). For egg (and ovi-
ductal eggs) and neonate body mass, the re-
gression slope on SVL,,, is approximately 1.5+
1.6, whereas for neonate SVL and TL, slopes are
approximately 0.50. Regression slopes for neo-
nate SVL and neonate mass on SV|., differ
appreciably, as might be expected because the
®rst is a linear-linear relationship and the sec-
ond is a linear-volume relationship. Larger var-
anids have proportionately heavier eggs, and
their neonates weigh more than for smaller spe-
cies. For example, the egg mass oW. giganteus
(87.7 g) is approximately 28 times that of V. cau-
dolineatus(3.1 g), yet the maximum SVL of
adult V. giganteug0.795 m) is only six times larg-
er than that of V. caudolineatugd.132 m). Larg-
er species obviously can accommodate larger
eggs and more of them in their larger abdom-
inal volumes than can smaller species.

SVLs for neonates are considerably longer in
smaller species than for larger species. For ex-
ample, in neonate V. brevicaudaand V. storri
SVLs are between 36% and 39% of adult SVLs,
whereas neonates of larger species, for example,
———————— V. albigularisand V. varius, are approximately

a + blog,, X, = 1 SE, and the slopes of the major axis (MA) reduced axis (RMA) regression equations.

Variables

09,0 Wild-caught clutch mass and log, maximum SVL of adults
0g,, captive clutch mass and log, maximum SVL of adults

0g,, Wild-caught clutch size and log, maximum SVL of adults
0g,, heonate body mass and log, maximum SVL of adults

0g,, captive clutch size and log, maximum SVL of adults
09,, Neonate total length and log ,, maximum SVL of adults

00,0 €99 mass and log, maximum SVL of adults
0g,, heonate SVL and log,, maximum SVL of adults

Values are from the regression equation log, Y
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INTRASPECIFIC REGRESSIONEQUATIONS FOR THE RELATIONSHIP BETWEEN CLUTCH SiZE AND SVL FOR EIGHT SPECIES OF VARANIDS.

TABLE 5.

CV (%)

Clutch &
and range

SVL, Aand
range (mm)

For
0.10,
2.60,,
2.37,
5.99, ,
0.49, 54

34.3,,

15.7,
22.6,,
63.2.5;

b+ SE
~0.69 (= 2.145)

a=* SE
1.73 (£ 4.212)

—2.64 (+ 2.028)

—2.07 (

Species

22.0

2+3
316
2+6

24,
4.3,
3.6,
9.8,
9.4,

85+96

92.0,

7

6
16
24
18
10
30
25

0.02
0.39
0.14
0.21
0.03
0.81
0.36
0.50
0.63

0.76
0.18
0.15

<0.05

Varanus brevicauda

23.8

86+109

139.6, 110+160
245.2, 199+289
311.2, 280+344
414.6, 360+500
501.5, 350600
502.4, 440+£590
591.5, 470770

97.7,

1.64 (+ 1.020)
1.22 (+ 0.790)

1.53 (= 0.626
~1.68 (+ 2.407

Varanus caudolineatus

Varanus eremius
Varanus tristis

33.2

1.693)

*

27.4

5+17
4+20

19.3, 11+31

)
)

~2.69 (* 1.496)

58.7

0.49
<0.01

5.11 ( + 5.999)

~6.38 (

Varanus gouldii

31.3

2.92 (+ 0.499)
2.26 (+ 0.570)
6.11 (+ 1.284)
2.87 (+ 0.361)

1.306)

*

Varanus spenceri

43.1

6151
5+50
5+22

27.1,

<0.01

—4.70 (+ 1.536)
—15.37 (+ 1.001)

Varanus albigularis
Varanus olivaceus

Varanus salvator

82.9

17.4,

<0.01

33.1

12.2,

39

<0.01

1.001)
a + blog,, X, = 1 SE, range for SVL (mm), clutch &Aand range and the coef@cient of variation for species clutch size. Data forvaranus brevicauda, Varanus caudolineatus

Varanus gouldii, Varanus tristisnd Varanus eremiuer wild-caught varanids in central Western Australia, data forVaranus olivaceusken from ®gure 8.3 Auffenberg (1988), Varanus spencdrom ®gure 2, Pengilley (1981), Varanus

albigularisfrom ®gure 11 Branch (1991), Varanus salvatofrom ®gure 3 Shine et al., 1998.

*

~6.89 (

Values are from the regression equation log, Y
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only 13+17% of adult SVL. Why is this so? Op-
timal offspring size theory (Brockelman, 1975;
Pianka, 1976; Charnov and Downhower, 1995)
suggests a trade-off of offspring size against
clutch size. Most varanid neonates are insectiv-
orous or are general carnivores. A larger body
size and gape for smaller species may provide
them with a better opportunity to catch and de-
vour prey. For example, a 2-g neonateV. brevi-
caudawould have access to a larger range of
prey items than would a 1-g neonate because of
its body size and gape. This increased size in
neonates (and egg size) has possibly been trad-
ed-off against clutch size to increase the num-
ber of neonates that reach sexual maturity
(Madsen and Shine, 1996). For larger species,
neonate size is perhaps not as critical a survival
factor and species increase their ®tness by in-
creasing their clutch sizes. Proportionately larg-
er young for adults of small species is also evi-
dent among snakes (Fitch, 1970; Shine, 1978)
and other lizards (Andrews and Rand, 1974).

Clutch size and maBxClutch size varies within
and among Varanusspecies (Fig. 2) although
this is not surprising because clutch size can
vary in lizards based on the availability of re-
sources during and just before the reproductive
period (Pianka, 1970; James and Whitford,
1994; Madsen and Shine, 1996). The lowC\s
for clutch size, egg and neonate mass, and ne-
onate size from 19 clutches from a single pair
of mature V. mertenssuggest that reproductive
output among speci®c individual varanids re-
mains relatively constant when maintained un-
der similar conditions. The relationship be-
tween SVL,., and clutch size (log-log) appears
to be generally linear for varanids although
clutch sizes of larger species are certainly more
variable than those of smaller species (Fig. 2).
In this regard, Varanusare similar to many other
lizardsblarger reptiles generally have more off-
spring (Congdon and Gibbons, 1985; Seigel and
Ford, 1987; Ford and Seigel, 1989).

Between species, the slope of the regression
of clutch size on maternal SVL for the nine
wild-caught varanid species is 1.05, and for var-
anids, using all available data, the allometric re-
lationship between clutch size and SV, is
negative (0.65+0.81). The allometric relation-
ship between SVl,, and clutch mass (2.1+2.4)
is positive, and for oviductal total egg volume,
it is 2.85 using wild-caught data. Volume of the
abdominal cavity is intuitively likely to in"uence
clutch mass, a view supported by Qualls and
Shine (1995). Therefore, a positive allometric
relationship is expected because it is the rela-
tionship between the linear measure of SVL and



THOMPSON AND PIANKADVARANID EGG AND NEONATE SIZE

451

2.0
18 ® V. previcauda
0 V. caudolineatus
16 4 V. gouldii
A V. tristis
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&} & V. olivaceus
5 10 + V. salvator
oo ’ “O. Species means
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log,o maternal SVL (mm)
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Fig. 2. The relationship between maternal SVL and clutch size for wild-caught varanids. Clutch sizes are
for individuals of nine species of varanids, with the regression line and 95% con®dence limits drawn from
species means (circles), and with ellipses drawn for individual species 95% con®dence limits.

a volume determined measure of the combined
egg mass. A varanid's abdomen presumably ap-
proximates a cylinder, V = wr2 " h, where V is a
measure of abdominal body volume and h is a
measure of abdominal length. For all varanid
data, the slope of the regression of clutch mass
on SVL,,, is 2.1 (wild-caught) or 2.4 (captive-
bred), suggesting that reproductive output is
determined by body volume, as suggested by
Qualls and Shine (1995).

Clutch size for V. gouldiidoes not appear to
conform to the pattern of increasing clutch size
corresponding with increases in maternal SVL
(Fig. 2, Table 5). Perhaps clutch size forV. goul-
dii is labile and determined more by fat supplies
than by female size, but why would this be the
situation for V. gouldiibut not for other species
of Varanu® If fat supplies or availability of re-
sources and body volume were two important
factors determining clutch size in varanids, this
might explain why the intraspeci®c slopes differ
from the interspeci®c slope of clutch size on
maternal SVL (Fig. 2). Another possibility is
that data for V. gouldiiinclude several different
taxa (this “species" has a very extensive geo-
graphic range and may well be a composite of
several species).

Clutch sizes of smaller varanids are less vari-
able than those of larger species (Fig. 2, Table
1). For example, wild-caught V. brevicaudand
V. caudolineatutay clutches of only 2+3 and 3+
6 eggs (respectively) compared with clutches of
11+31 for V. spencerb+51 for V. albigularis and
5+50 for V. olivaceusThis pattern is similar to
Australian scincids described by Shine and
Greer (1991). Shine and Greer (1991) suggest-

ed low variance in clutch size for small species
could be a result of (1) substantial variation
around the optimum integer of clutch size is
often too small in absolute terms to increase
clutch size, (2) low variance in maternal body
size, and (3) small adult body size. Smaller spe-
cies produce relatively larger eggs and neonates,
and, relative to neonate size, adult body size is
less variable among small species as compared
to larger species. Hence, all three factors sug-
gested by Shine and Greer (1991) probably in-
“uence low variability in clutch size for smaller
varanids.

Small clutches and low variability in maternal
body mass contribute to nonsigni®cant intraspe-
ci®c relationships between maternal SVL and
clutch size for smaller species. Slopes of regres-
sions of clutch size on SVL within species and
between the nine species (1.05) for which ®eld
data are presented (Fig. 2, Table 5) are not re-
lated in any obvious way. Slopes of intraspeci®c
plots are variable and generally considerably
steeper than in the interspeci®c plot. There-
fore, body size in uences clutch size within spe-
cies more than it does between species.

Pianka (1994) reported relative clutch masses
for V. brevicaud4d16.7%), V. eremiu$15.3%), V.
tristis (16.2%), and V. gouldii (13.9%) to be
smaller than those reported by Auffenberg
(1994) for the generally larger V. bengalensis
(21%), V. olivaceu$19%), V. komodoengi$9%),
and V. salvato(23%), which would indicate that
not only do larger varanids have proportionally
larger eggs they also invest proportionally more
in their clutches.
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Phylogenetic effddiBhe varanid phylogeny used

generally similar indicating that the in"uence

of phylogeny on the general patterns is small.
This is con®rmed by an inspection of Figure 3.
In Figure 3, species have been grouped accord-
ing to their place in the phylogenetic tree and
their geographic distribution and, within this
constraint, according to SVL,,,,. There is no ob-
vious pattern for any of the reproductive vari-
ables that reects phylogeny, but it is apparent
that body size is one of the primary determi-
nants of egg mass, incubation period, and ne-
onate size. However, we strongly suggest an en-
tire reanalysis of these data when the systematics
of Varanusis revised and a better phylogeny is
in place.

In summary, body size is a major correlate
with reproductive data for Varanus whereas phy-
logenetic effects are weak. Higher environmen-
tal temperatures hasten incubation period of
varanid eggs laid in the substrate or termite
mounds (Cowles, 1930; Riley et al., 1985; Eh-
mann et al., 1991). Although incubation period
is generally longer for larger species, the rela-
tionship is not unitary, with smaller species hav-
ing proportionally longer incubation periods.
The timing of oviposition is also linked with in-
cubation period. Egg incubation periods appear
less variable for varanids from habitats that have

REEEE: hgre_ remains incomplete. Some s_,pecies are
S o oo missing and branch lengths are dubious. More-
over, recent authors disagree on phylogenetic
af®nities of some species (Fuller et al1998; Bav-
erstock et al. 1993). In addition, future system-
Lo Rte T T atic revision of this genus will doubtlessly sub-
tloococo divide some currently recognized species [e.g.,
V VvV V. albigularis, V. exanthematicus, V. gouldii, V. pan-
optes, V. scalaris, V. tristégd V. varius(King and
Green, 1999)]. Under such circumstances,
where substantial change is likely in the primary
TS oy data used for phylogenetic reconstruction, con-
Cliony siderable caution must be exercized in inter-
N« preting results from any phylogenetic analyses.
In addition, slopes from phylogenetically cor-
rected regression equations where the intercept
oy is forced through the origin cannot be statisti-
g g g g cally evaluated against slopes of least squares lin-
T ear regression equations. In the context of these
I D caveats, analyses of egg mass, neonate size, and
flewnaex clutch mass and size with both incubation pe-
riod and SVL,,,, for Varanusprovide correlation
coef®cients for the phylogenetically corrected
data that are generally lower than for the non-
Fosa phylogenetically corrected data. These data sug-
vedd gest that phylogeny is correlated with either the
ccoo dependent or independent variable or both.
Tl RN The slopes of the regression lines for phyloge-
118368 netically corrected and noncorrected data are
TP

TABLE 6. THE RELATIONSHIP BETWEEN OVIDUCTAL INDIVIDUAL EGG VOLUME AND TOTAL EGG VOLUME wiITH MATERNAL SVL (mm) AND Boby MAss(Q).

Data come from mean values for wild-caught specimens oVaranus brevicauden = 2), Varanus eremiu@), Varanus tristig11), and Varanus gouldi(3).

log,, individual egg volume (cc) and log ,, maternal body mass (g)
log,, individual egg volume (cc) and log ;o maternal SVL (mm)
log,, total egg volume (cc) and log,, maternal body mass (g)
log,, total egg volume (cc) and log,, maternal SVL (mm)
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Fig. 3. Relationship between incubation period, egg mass, clutch size, neonate size and mass, and phylo-
genetic placement and body size forVaranusspecies. Species have been grouped according to they place in
the phylogenetic tree (Fig. 1) and their geographic distribution and within this constraint according to SVL ...

considerable seasonal oscillation in ambient warmer months and whose eggs incubate over
temperature (e.g., central Australia) and lay a longer period including the colder winter
their eggs in late spring or early in summer and months. Neonates of smaller species are pro-
hatch before the colder winter period, as com- portionally longer than those of larger species.
pared with species that lay their eggs later inthe This relative increase in size for neonates of

240

~O. All varanids "Wk Odatrians o o e

Incubation period in days at 30 C

60
-1.0 -0.8 -0.6 04 -0.2 0.0 02

Log;, maximum adult snout-to-vent length (m)

Fig. 4. Relationship between incubation period at 30 C and SVL,,, for odatrians and all varanids. Regres-
sion lines and 95% con®dence limits are shown for the odatrians and all the data.
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smaller species probably provides an important BARTLETT, R. D. 1982. Initial observations on the cap-
®tness advantage in their capacity of catch and tive reproduction of Varanus storri Mertens. Ibid.
devours prey. The relatively smaller size of ne- _ 13(2):6x7.

onates of larger species could result from trade- BAVERSTOCK P. R., D. KNG, M. KING, J. BRRELL, AND
offs between offspring size and increased clutch M- KRIEG. 1993. The evolution of species of the

ize t h ot Thi fto b Varanidae: microcomplement ®xation analysis of
Size 10 enhance ®Iness. This appears not 10 be oo m gihumins. Aust. J. Zool. 41:621+638.

the case as the slopes for clutch size, and neo- g,y ess M. 1992. Notes on the reproductive behav-
nate SVL with SVL,, are similar. However, as jor of the Nile monitor lizard Varanus niloticus.in-
the SVL of neonates increases, the rate of in- naeus (1766). Varanews 2:5+6.
crease in neonate body mass is cubed (presum- 1992. Reproductive notes on the black
ing the shape remains unchanged). This pro- roughneck monitor lizard ( Varanus rudicollisGray,
portionally more rapid increase in egg/neonate 1845). Ibid. 3:3.
mass with increasing SVL probably prevents a 1994. Zur fortpfanzungshiologie des step-
proportional increase in clutch size for larger ggf‘lvé’gf"l”fé (varanus exanthematiqusSalamandra
species. The generally larger intraspeci®c clutch ' AND R' HUFFAKER 1992, Observations of eqg
'tsrllze_ stlopes W@gh rlnaternfal 2\\?‘ compare? \mtr; deposition and hatchi_ng of the savgnnah _m_onitor
€ Interspecivc SIopes for kv SUQGES S tha (Varanus exanthematicBscs, 1792) in captivity. Var-
abdominal volume changes are greater within anews 3:5+6.
Varanusspecies than among species across a size , AND T. REyNoOLDS. 1992. Breeding of the sa-
range. Data from other taxa are necessary to  vannah monitor lizard in captivity ( Varanus exanthe-
determine whether such patterns are evident in maticusBocs, 1972). Herpetology 22:12+14.
other squamate lizards. , R. HUFFAKER AND O. MAERcKs 1994. Notes
on the egg deposition and incubation of the argus
monitor ( Varanus gouldii horniGray 1838) in cap-
tivity. Varanews 4:5.
We thank B. Eidenmitller, S. Irwin, and H. V. BIRCHARD, G.F., T. WaLsH, R. Rosscog AND C. L. Rel-
Andrews for providing unpublished data. The BER 1995. Oxygen uptake by Komodo dragon

assistance of P. C. Withers with the phylogenetic fo\ﬁ]ag; :guje\lfglrggi‘;i?siﬂgfe:ptt:‘; ?:’nr?yrgiitli(:;o%fl %ré)_-
analysis is most appreciated. 6294633,
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APPENDIX. MAXIMUM SNOUT+VENT LENGTH FOR SPECIES MEAN CLUTCH MAss MEAN EGG MAss MEAN CLUTCH
Sze, INncuBaTION TIME CORRECTED TO 30 C, MEAN NEONATE BobY MAss AND MEAN NEONATE SzE FOR 33
SPECIES OF Varanus.

Field Captive

Max. Clutch Egg caught mean Incubation  Neonate  Neonate
Varanus SVL mass mass mean clutch da&/s at mass SVL Neonate
species (mm) (9) (9) clutch size size 30C (9) (mm) TL (mm)  Source
acanthurus 237 7.5 9.228  108.%4 3.91 62.9 151.93 1
albigularis 850 24 .50 243 126.3 20.3¢ 1142 2725 2
beccarii (314) 4.¢ 178.2 12.2 94.3% 238.% 3
bengalensis 750 230.3 11.4 19.3* 210.4 4
brevicauda 126 2.5 3.5 100.# 1.9 4645 95.2 5
caudolineatus 132 3.1t 4.3 3.7 6
eremius 185 3.61 3.5 7
exanthematicus (347) 20.1*2 1522 895+ 167.0 8
“avescens (281) 254.3 10.8 9.6° 851 155.04 9
giganteus 795 1092.2 84.13 9.0t 9.5 2237 46.7 150.2 393.0¢ 10
gilleni 186 15.2 4.2+ 525 3.3 91.7 2.9 63.7 133.6¢ 11
glebopalma 397 7.0t 12
gouldii 655 79.7° 15.4 6.25'¢ 7.3 224.8 106.3 280.2 13
griseus (511) 462.6 25. 7% 5.0 18.0+ 121.0¢ 19.3¢  109.1* 132.2 14
indicus 530 57 142.% 15
keithhornei 285 7.18 3.2  178.¢¢ 10.0¢ 98.0+  240.7 16
komodoensis 1250 131.¢ 18.77 253 220.2 95.2 357.¢7 17
mertensi 475 335.°  41.0¢ 8.158 8.97 226.0° 29.17  125.7° 301.92% 18
mitchelli 346 9.8 19
niloticus (675) 30.6¢ 23.8 23.0 294.0¢ 20
olivaceus 730 320.0 44.2 6.7 21
panoptes 535 453 11.¢° 6.6° 181.% 40.1° 111.¢ 243.7 22
prasinus 288 9.9 4.1° 99.¢¢ 9.28 84.2 212.C 23
rosenbergi 422 6.0° 19.9 24
rudicollis 580 31.6 10.4 169.2 20.5 259.0+ 25
salvator (839) 682.0%  62.112 12.4% 102 209.9 45211 1289 354.32 26
scalaris 268 4.0 1117 3.6° 63.¢ 157.0+ 27
semiremex 282 5.9 28
spenceri 500 202.2 36.74 19.9% 12.¢¢ 107.2 124.00 222.¢¢+ 29
storri 139 2.7 942 2.85 542 128.6 30
timorensis (216) 5. 6.9 117.8 4.8 65.8 129.1° 31
tristis 290 10.0¢ 6.0/ 107.3 4.4 70.8 188.% 32
varius 765 455.0¢ 8.0¢7 54 176.3 24.9° 130.7° 326.8° 33

The superscripts indicate the number of clutches from which the data were taken. Maximum SVL values in parentheses indicate that they have
been estimated from an inter-speci®c regression equation based on the relationship between SVL and tail length (see text for details). Data sources:
LEidenmitller (1994), King and Rhodes (1982), Thissen (1992), Husband (1980), Endfekler (1984, cited in Horn and Visser, 1989), Eidenmktller
(cited in Horn and Visser, 1989), Thompson (unpubl.), Krebs (1999); 2 Phillips and Packard (1994), Branch (1991), Haagner (cited in Branch
1991), Staedeli (1962, cited in Horn and Visser (1989), Shaw (1963, cited in Horn and Visser, 1989), Visser (1981, cited in Horn and Visser, 1989);
S Eidenmikller (1998); 4 Auffenberg (1994), Koop (cited in Horn and Visser, 1989), Klag and Kantz (cited in Horn and Visser, 1989); °James (1996),
Pianka (1994), Schmida (1974, cited in Horn and Visser, 1989), Thompson (1996, unpubl.); ¢ Pianka (1994), Smith (1988), Thompson (unpubl.);

7 Pianka (1994), Thompson (unpubl.); &van Duinen (1983), Bayless (1994), Bayless and Reynolds (1992), Bayless and Huffaker (1992), MacInnes
(cited in Bayless and Huffaker, 1992); ° Auffenberg et al. (1989), Visser (1985, cited in Horn and Visser, 1989);° King et al. (1989), Irwin (1996b),
Irwin (pers. comm.), Bredl and Horn (1987); ' Gow (1982), Husband (1989), Horn and Visser (1989), Boyle and Lamoreaux (1983), Horn (1978),
Broer and Horn (1985, cited in Horn and Visser 1989), Thompson (unpubl.), Eidenmu Eller (1994); 12 Christian (1977, cited in Greer, 1989); 12 Pianka
(1994), Mitchell (1989), Irwin (1986, pers. comm.), Horn and Visser (1989), Doles and Card (1995), Barnett (1979), Thompson (unpubl.), Shine
(1986), Brooker and Wombey, (1978, cited in Greer, 1989); 14 Perry et al., (1993), Gupta (1996); ** Irwin (pers. comm.), Anonymous (1995); ¢ Irwin
(19964, pers. comm.); " Birchard et al. (1995), Atmosoedirdjo et al. (cited in Horn and Visser, 1989), Auffenberg (1981), Walsh (1993); *¢ Eiden-
mitller (pers. comm.), Irwin (1986, pers. comm.), Horn and Visser (1989), Brotzler (1965 cited in Horn and Visser, 1989), Anonymous (cited in
Horn and Visser, 1989), Shine (1986), Bustard (1970, cited in Greer, 1989), Eidenmiller and Wicker (1995), Eidenméller (pers. comm.); ° Shine
(1986); ° Cowles (1930), Barbour and Loveridge (1928), Bayless (1992)t Auffenberg (1988); 22Horn and Visser (1989), Shine (1986), Nabors
(1997), Eidenmik ller (pers. comm.), Dwyer and Bayless (1996), Bayless et al., (19945 Horn and Visser (1989), Carlzen (1982), Barker (1985, cited
in Horn and Visser, 1989), Greene (1986), Eidenmitller (1998), Bosch (1999);24 Ehmann et al. (1991), King and Green (1979), Green et al. (1999);
25Horn and Visser (1989), Horn and Peters (1982, cited in Horn and Visser 1989), Bayless (1992b);26 Andrews (1995), Hairston and Burch®eld
(1990, 1992), Horn and Visser (1989), Andrews and Gaulke (1990), Kratzer (1973, cited in Horn and Visser, 1989), Auffenberg (1985), Shine et al.
(1998), Hermann (1999), Wicker et al. (1999), Hoegger (1997, cited in Horn and Visser, 1997) Bowers (1981, cited in Hermann, 1999), Ettling
(1992, cited in Hermann 1999), Ott (1997, cited in Hermann 1999), Schmitz (1994, cited in Hermann 1999); 2 Eidenmikller (pers. comm.),
Eidenmik ller and Wicker (1991);28 Horn and Visser (1989); 2 Peters (1971), Christian (1979, cited in Greer, 1989), Horn and Visser (1991), Pengilley
(1981); * Eidenmtkller (pers. comm.), Bartlett (1982), Eidenmiller and Horn (1985), Broer and Horn (1985, cited in Horn and Visser, 1989),
Eidenmit ller (1985, 1994);% Horn and Visser (1989), Eidenmtkller (pers. comm.), Behrmann (1981, cited in Horn and Visser, 1989), anonymous
(1981, cited in Horn and Visser, 1989), Belcher (cited in Horn and Visser, 1989), EidenmiEller (1986), Ruegg (1973, 1974, cited in Horn and Visser,
1989), Broer and Horn (1985, cited in Horn and Visser, 1989), Chippendale (1991); 32 Thompson (unpubl.), Pianka (1994), Broer and Horn (cited
in Horn and Visser, 1989), Eidenmiller (1989), Eidenméller (cited in Horn and Visser, 1989), Christian (1981), EidenmiEller (pers. comm.);
33 Markewell (1983), Horn and Visser (1989), Bredl and Schwaner (1983), Horn and Visser (1989), Boylan (1995), Carter (1999).



