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Abstract : I weighed clutch, fat body, liver and carcass masses of 140 breeding females of habu, Trimeresurus flavoviridis.
In order to remove the size effect I adopted the mass condition defined as mass/standard mass regressed on snout-vent

length. Body mass conditions of the breeding snakes weighed in a month after capture were within the range of 0.8-1.2

in 86% cases. Body mass conditions of breeding and non-breeding females overlapped each other in more than 80% of adult

females. The conditions of both clutch mass and fat body mass fluctuated greatly, while the conditions of liver mass and

carcass mass fluctuated less greatly than body mass condition.

Relative clutch mass, i.e. clutch mass/(total mass - clutch

mass), was adjusted by the body mass condition. The adjusted relative clutch mass was negatively correlated to snout-vent

length. Carcass mass of breeding females was less than that of non-breeding females. The mass and relative mass of each

organ changed through the clutch formation. I simulated the growth in snout-vent length of females skipping breeding.

In habu the body mass condition is a main determinant of mass allocation to the clutch and to each organ during clutch

formation and determines to the post-reproductive condition of the female.
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I Introduction
The degree of reproductive allocation is an
important factor in population and life history
studies” , especially in vertebrate species with
multiple broods in its life. In spite of the several

3,4,5)

problems in the index many works on snake

reproduction have adopted the relative clutch mass
(RCM) to evaluate the reproductive allocation®*”.
Generally RCM is stable for a given species, and few
studies have detected intraspecific changes of the
index.

It is natural that masses of storage organs
change greatly with body mass condition, which
may be also true in the clutch mass. The analysis
of relationships between the body mass condition
and RCM is directly connected to the trade-off of
energy allocation between maternal body and
clutch, but only Barron' has mainly dealt with
this theme. Barron used RCM adjusted by body

mass condition for the water snake, Nerodia

sipedon. He indicated that compared to the non-
adjusted RCM the adjusted RCM is more highly
correlated to the residuals of clutch mass in the
multiple regression on body mass and snout-vent
length, and the adjusted RCM is a better index to
explain the yearly variations in RCM. However, in
Barron's method of adjustment RCM 1is only
multiplied by an “adjustment factor” representing
leanness of each female. In order to justify this
method the relationships between RCM (or clutch
mass) and body mass condition should be checked.

In a study of organ mass of habu (Trimeresurus
flavoviridis) Nishimura' proposed a new index for
the organ mass condition as an organ mass divided
by the standard organ mass regressed on snout-
vent length. This standardized mass is a ratio but
contains few statistical problems. The ratio does
not have a measurement of each snake as its
denominator, and is identical to the residual in the

regression on snout-vent length. This index is free
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from the size bias, and was suited to analyze the
relationships between the body mass condition and
the organ mass condition. This analysis containg
a problem of organ mass being included in body
mass. [ did not use body mass subtracted by
organ mass because it differs for each organ and
can not be used as a common condition of body
mass for each snake, and because body mass is one
of the popular measurements. Nishimura'’ compared
organ masses of three snake groups (small snakes,
large males and large non-breeding females) and
described several patterns of changes in organ
masses. For example, the condition of fat body
mass changed greatly with the change of the body
mass condition and the relative mass of fat body
adjusted by the body mass condition was more
highly correlated to snout-vent length than the
non-adjusted relative mass.

For breeding females of habu, the body mass has
been compared to that of non-breeding females™?,
but the organ masses have not yet compared. In
the present work I calculated the standard masses
of body, clutch, fat body, liver and carcass and the
conditions of these masses in the breeding females
of habu. Then I examined the effects of the body
mass condition on the conditions of these organ
masses and on RCM. 1 compared the present
results of breeding females to the results of non-
breeding females'” and estimated the patterns of
organ mass changes during clutch formation.
Finally T discussed on the body mass condition of

adult females during the mating season.

I Materials and Methods

1. Materials

The habu, 7. flavoviridis, inhabiting in the
subtropical Ryukyu Archipelago, copulates between
March and May'”, and about a half of the females
larger than ca. 90 c¢cm in snout-vent length (SVL)
lay eggs in July™?”. Between 1981 and 1994, 140
breeding females were collected in the center and
the south of Okinawa Island. Forty snakes of
them were killed at the time of capture or in

captivity and the other snakes died in captivity. The

definitions of the breeding conditions at the
measurement and the abbreviations are shown in
Table 1.

I measured SVL and weighed body mass (BM),
fat body mass (FM), liver mass (LM), carcass
mass (CAM, body mass without organs in the
body cavity) and clutch mass (CLM). For the
snakes collected between 1981-1984 LM and CAM
were not measured. The mean error range at the
measurement of BM is 6.0%'?. BM of most females
kept in captivity for several months decreased. BM
measured in a month after collection was regarded
to represent the field condition.

The frequency distributions of body mass condition
(BMC) of breeding (n = 141) and non-breeding (n
= 877) females in the field were obtained from the
data used in Nishimura and Kamura”. 1 set a
breeding proportion in adult females to 0.5. In
order to describe the relationships between BMC
and the breeding proportion in an early breeding
season, [ selected the adult females collected
between March and May (45 fertile and 43 non-
breeding females).

SVL-BM regression equations were not significantly
different between fertile and ovipositional females'
(between May and July). SVL-BM regression
equations of breeding and non-breeding females in
the field were calculated based on the data used in
Nishimura and Kamura™ (Table 2).

2. Calculation of the Standard Masses and Mass
Conditions

The standard masses and mass conditions of
CLM, FM, LM and CAM were estimated by the
methods presented in Nishimura. The outline of
the methods is as follows, 1) select snakes with
BM close (within +10%) to the standard BM (SBM:
estimated by the equation in Table 2), ii) estimate
the standard organ mass by SVL- organ mass
regression equation calculated on these snakes, iii)
calculate the organ mass condition through
dividing an organ mass by the standard organ
mass. These organ mass conditions were regressed
to BMC.

I compared the patterns of organ mass change



Table 1. Definition of the breeding conditions of
females of Trimeresurus flavoviridis and

abbreviations of variables. Standard masses were
estimated by the regression equations shown in

Table 2.

Reproductive

condition

Definition

or abbreviation

SVL Snout-vent length
Ovipositional ~ Female having formed full-term
female clutch, including pre-ovipositional
snakes that measured in the last half
(post 15 July) of the ovipositional
period
Fertile Female with oviductal eggs (pre 14
female July) or enlarged follicles ( > 12 mm
long")
Breeding Ovipositional or fertile snake
female

Non-breeding

Adult female (SVL = 90 cm) other

female than breeding one

BM* Body mass including clutch or large
follicles

SBM Standard BM

BMC Body mass condition (BM/SBM)

BME* Body mass excluding clutch or large
follicles

BMCE BME condition (BME/standard BM
of breeding females)

BMCN Body mass condition (BM/standard
BM of non-breeding females)

BMCEN Body mass condition (BME/standard
BM of non-breeding females)

FM Fat body mass

FMC FM condition (FM/standard FM)

LM Liver mass

LMC LM condition (LM/standard LM)

CAM Carcass mass (body mass without
organs in the body cavity)

CAMC CAM  condition (CAM/standard
CAM)

CLM Clutch mass

CLMC CLM condition (CLM/standard CLM)

RCM Relative clutch mass (CLM/BME)

* BM = BME for non-breeding females.

among fertile,

ovipositional and non-breeding

females, using the regressions of organ mass

condition to body mass condition. The data of the
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non-breeding females was based on the data utilized
in Nishimura'. In these comparisons I adopted the
standard masses of organs and body and the
definition of BM as those of non-breeding females.
For breeding females, BM without clutch and large
follicles (BME) was divided by SBM of non-breeding
females to get body mass condition (BMCEN)
comparable to BMCN of non-breeding females
(BMCEN = BMCN for non-breeding females).

3. Simulation of Changes in Organ Mass through
Clutch Formation and Growth in Snout-vent Length
instead of Forming Clutch

Based on the data used in Nishimura and
Kamura' the SVL-BM regression line of breeding
females between May and July (the oviposition
season) was not different from that of the fertile
females in earlier season (March and April, n = 7,
both p > 0.05) when follicles are small®” and
negligible in mass. Therefore, I assumed that BM
of a breeding female does not change throughout
early spring and July. Without any information
on the relative organ masses in a fertile female in
early spring I assumed that these relative masses
are same to those in a non-breeding female.

As for the SVL of most (137/140) breeding
females was within the range of 90-150 cm, I
adopted SVL of 120 cm for a medium size of the
females. T simulated the changes in each organ
mass through the clutch formation at SVL of 120
cm through BMC range and at SBM through SVL
range, through subtracting the organ mass in
post-ovipositional period from the organ mass in
the early spring. The latter mass was estimated
by the

females'.

regression equations in non-breeding

I simulated SVL growth between early spring
and July in females skipping breeding, assuming
the following initial parameters (in early spring)
of SVL: 90, 120 and 150 cm; BMC: 0.7-1.3 and the
final parameters (in July) of BMC: standard BM
of mnon-breeding snakes and SBM of breeding
snakes. I assumed that during the season of clutch

formation a non-breeding female gets the same

amount of energy as that of a breeding female of
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the same initial SVL and BM. 1 calculated the
expected CLM at each set of the initial parameters.
Assuming that the energy value of CLM is 2.3
times of that of body®, I calculated BM of non-
breeding females in July as: initial BM + (2.3 - 1) X
CLM. The expected SVL was then estimated using
the SVL-BM regression equation of non-breeding
females (Table 2).

In the calculations of masses and mass conditions
for non-breeding females, I adopted the standard
masses of non-breeding females". Based on the
definition, organ mass condition is one (standard)
at SBM. In the simulations and at the adjustment
of CLM (see the result), I adopted the regression
equation of BMC to organ mass condition, passing
the point of these two standards (Table 2,
Appendix 2).

Regression lines were compared using ANCOVA.

Table 2. Regression equations of masses to SVL
(logw-logiw) and of mass conditions to BMC in
adult females of T. flavoviridis (b: slope; a:
intercept). Regressions of BM to SVL (the upper
two) are those in the field condition based on
the data used in Nishimura and Kamura". The
other regressions are those of the ovipositional
females, those to SVL are based on the snakes
in BMC range of 0.9-1.1, and those to BMC,
except for RCM, are calculated to pass the
point of BMC = 1 and mass condition = 1. See
Table 1 for the abbreviations.

b a n or
Regression to SVL (logw-log)
BM (breeding) 3.28 -4.04 141 .942
BM (non-breeding) 3.18 -3.93 877 917
BME 3.44 -4.57 42 .980
CLM 2.96 -3.84 42 .904
FM 4.00 -6.95 42 .693
LM 3.71 -6.54 30 .892
CAM 3.58 -5.01 30 .985
Regression to BMC
BMCE 0.766 0.234 93 .783
CLMC 1.354 -0.354 93 .814
FMC 1.881 -0.881 93 .542
LMC 0.636 0.364 63 .364
CAMC 0.505 0.495 65 .675
RCM 0.352 0.185 93 .393

I Results

1. Standard Masses and Mass Conditions in
Ovipositional Females

The equations of the regressions between SVL
and the masses and between BMC and the mass
conditions in ovipositional females were obtained
(Table 2). The slopes of the regressions between
BMC and BMCE and between BMC and carcass
mass condition (CAMC) were smaller than one
(both p < 0.01). These results mean that BMCE
and CAMC fluctuate less intensely than BMC. On
the other hand the slopes of the regressions
between BMC and CLM condition (CLMC) and
between BMC and FM mass condition (FMC) were
larger than one (both p < 0.001). CLMC and
FMC fluctuate more intensely than BMC. Among
the conditions of organ mass CLMC had the
highest regression coefficient to BMC (Table 2).
RCM was regressed positively on BMC.

2. Differences in the Relative Masses among Females

I compared FMC, LMC and CAMC among
ovipositional, fertile and non-breeding females
without accounting CLM and by setting the
standard masses of body and organs to the masses
of non-breeding females. The mass conditions of
organs except for the clutch were regressed to
BMCEN (Fig. 1). Among the regression lines of
the three groups of females, the slope of FMC was
largest in non-breeding snakes (Fhu = 3.432, p <
0.05), the slope of LMC was smallest in ovipositional
snakes (Fhm = 3.983, p < 0.056) and position of
CAMC was highest in non-breeding snakes (Fyu =
13.834, p < 0.001).

The slope of BMCEN-FMC regression line was
larger than one in each female group (all p < 0.05)
(Fig. 1). Therefore, FMC fluctuates more greatly
than BMCEN. LMC also fluctuates more greatly
than BMCEN in fertile and non-breeding females
(both p < 0.01), and CAMC fluctuates less greatly
than BMCEN in each female group (all p < 0.01).

With the regression equation of BMC-CLMC
(Table 2) I calculated an adjusted CLM of each
snake under the condition of SBM by the following

equation;



Adjusted CLM =

(standard CLM)
RCM adjusted by BMC is calculated as: adjusted CLM/
(SBM - standard CLM). Adjusted RCM was
negatively correlated to SVL significantly, while
RCM with non-adjusted CLM (CLM/BME) was not
significantly correlated to SVL (Fig. 2). This
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Fig.1. Body mass (BME) condition (BMCEN: BME
/standard BME of non-breeding females) and the
mass conditions of fat body, liver and carcass
(body mass without organs in the body cavity) in
the three groups of adult female Trimeresurus
flavoviridis. See Table 1 for the breeding
conditions and the abbreviations.
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negative correlation between SVL and RCM may be
explained by the change in the body shape of
snakes at SBM. However, the simulated RCM also
decreased with SVL increase under the condition of
a fixed slenderness (mean slenderness at SVL of
120 cm, Fig. 2).
3. Body Mass Condition of Breeding Females and
Organ Mass Changes through the Clutch Formation
SBM of breeding females was 125.6% of that of
non-breeding females at SVL of 120 cm. BMC (field
(85.8%) breeding females were
within 0.8-1.2 (Fig. 3). BMCN (field condition)
overlapped at the range of 0.812-1.322 between

condition) of most

fertile and non-breeding females collected between
March and May (Fig. 3), and the proportion of
females in this BMC range was 81.4% of all adult
As for the minimum conditions for the

females to breed, the minimum BMC and BMCN

females.

(divided by SBM of non-breeding female) were
0.638 and 0.800 and these two females had BMCEN
of 0.577 and 0.590, respectively.

In breeding females at SVL of 120 cm, the
simulated post-ovipositional mass condition of each
organ and body increased in accordance with BMC

increase in early spring, whereas the proportional

—e— Adjusted CLM / (SBM - standard CLM)

y = -0.00168 x + 0.724, n = 93, r = -0.299, p = 0.0036
--===-=CLM / BME
y = -0.00180 x + 0.736, n = 93, r = -0.194, p = 0.0624
Simutation at a fixed body shape

0.8 -

RCM (9/9)

90 100 110 120 130 140 150
SVL (cm)

Fig.2. Regression of relative clutch mass (RCM) to
SVL in T. flavoviridis. “Adjusted CLM" is CLM + 1.
354 X (1 - BMC) X (standard CLM). Thin line
indicates a simulated relative mass of snakes at
the mean slenderness (BM/SVL® = 3.563X10%)
of breeding female (SVL: 120 cm). See Table 1
for the abbreviations.
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Fig.3. Frequency of the field body mass condition
in adult females of 7. flavoviridis (based on the
data in Nishimura and Kamura'®). Bars are those
of snakes collected in the copulating season.
Lines are those of the whole sample. The body
mass condition is BMCN, except for the thick
chained line of breeding females (BMC). See Table
1 for the abbreviations.

LM and CAM (post-ovipositional mass / BME)
The relative losses
of LM, CAM and relative CLM (represented as
mass loss of body in Fig. 4b) through the clutch
formation increased with BMC at SVL of 120 cm,
but that of FM did not increase (Fig. 4b). Because
FM changes more greatly with BMC than LM and
CAM (Fig. 1), the mass loss of FM increased with
BMC at a rate similar to the mass losses of LM
and CAM (Fig. 4b).

organ in post-ovipositional females varied greatly

were nearly constant (Fig. 4a).

The mass condition of each

with BMC, especially in FM. These simulations on
BMC indicate that females with higher BMC lose
greater proportion of organ mass (especially in FM)
during clutch formation, but still keep higher
conditions of organ mass after oviposition.

At SBM the relative loss in each organ mass
decreased or was similar in accordance with SVL
(Fig. 4d). Except for FM, the post-

ovipositional mass conditions of each organ and

increase
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Fig.4. Post-ovipositional mass condition (a, ¢) and changes in the mass between early
spring and post-ovipositional period (b, d) in the breeding females of T. flavoviridis. a,
b: simulated on each BMC in early spring at the center of SVL range (120 cm); c,

d: simulated on each SVL at SBM of breeding females.

abbreviations.

See Table 1 for the



body and the proportional mass of each organ
(post-ovipositional mass / BME) were nearly
constant at SBM throughout the SVL range of the
adult females (Fig. 4c). FMC decreased and
proportional FM increased with SVL increase.
These simulations on SVL indicate that larger
females lose smaller proportions of LM, CAM and
BM and greater proportions of FM during clutch
formation, and have lower FMC but greater
proportion of FM after oviposition.

Under the initial parameter of BMC > 0.9 and
under the final parameter of SBM of breeding or
non-breeding females most of the simulated SVL
growths in non-breeding females, in the season of
clutch formation were greater (Fig. 5) than the
yearly growth in adult females of 90, 120 and 150

18)

cm in SVL, 10, 7 and 4 cm, respectively'.

50
SVL in early spring o
~| —=—=-90cm ‘."
120
40 | ==---==150 .

Growth in SVL (cm)

| | | i |
0.7 08 09 1.0 1.1 1.2 1.3
BMC in early spring (g/g)

Fig.5. Simulation of SVL growth between early
spring and July in female 7. flavoviridis skipping
breeding. | calculated the expected CLM for
snakes under the parameters of three SVL (90,
120 and 150 cm) and of BMC range of 0.7-1.3
in early spring. | assumed that BM of a breeding
female is constant during the period and that
the energy value of clutch is 2.3 times of that
of body. Then | estimated the BM increase for
non-breeding female in July. Finally | calculated
SVL in July under the two BMCEN: 1.0 (thick
line) and 1.256 (the mean condition of breeding
females, thin line). See Table 1 for the
abbreviations.
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IV Discussion
A peak in liver mass during vitellogenesis has been

described in Chamaeleo jacksoni™” and Hemidactylus
turcicus®™ . Therefore, great proportion of liver mass
in the fertile females of habu may be the result of
move of lipid from fat body to liver during clutch
formation.

Most studies on reproduction in snakes and
lizards have failed to detect correlations between
RCM (or CM/BM) and body size (but see Cueller™);
relative clutch mass correlated neither to SVL (in
many species, see Seigel et al.””, ; Dunham et al.”),
to BM (in V. aspis®), nor to yearly mean of BMC
(in V. berus™). Barron” used RCM adjusted by
body mass condition for the water snake, N.
sipedon studied by him and in re-calculation of
other results on RCM in several snake species.
Comparing to the results with non-adjusted RCM,
Barron indicated that adjusted RCM represents the
reproductive biology more accurately in these
snake species.  Barron did not describe the basis
of his adjustment (relationships between RCM and
BMCE). By his method RCM of a female with
BMCE of 0.9 is simply adjusted to elevate 10%.
However, in the present results in habu RCM is
only 7.4% lower than the average in a female of
this condition (based on the BMC-CLMC regression
equation in Table 2). Therefore, at the adjustment
of RCM by BMC or by BMCE the relationships
between the two variables should be studied. The
present study described that RCM correlates
positively with BMC and negatively with SVL. A
result similar to the former was described as the
greater lipid allocation to clutch in A. piscivorus at
a higher relative lipid (lipid mass/BM)*. In a
sense CLM is a extra part of BM. It is natural
that an extra mass fluctuates greatly with BMC
with  high correlation coefficient. With the
adjustment by BMC, RCM may be correlated with

SVL in many snake species.

The minimum BMCEN of the ovipositional females
was 0.577. In habu other than breeding females few
snakes had BMCN lower than 0.7 in the field".
Therefore, BMCN of about 1.0 (0.8 for BMC in
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breeding female) may be the minimum condition for
a female to breed (Fig. 4a). Ovipositional females
with high BMC made large clutch and kept high
BMCEN (Fig. 4a). The high BMCEN may lead to
a higher chance of survival and a greater growth
after oviposition in these females.

During clutch formation breeding females
exhausted a considerable energy contained in carcass
(Fig. 4b). This result indicates that an ovipositional
female has a large abdominal cavity for its size,
which ensures to produce a large clutch. On the other
hand, it may take time for females to recover the
carcass mass and this may be the primary reason
of the lower CAMC observed in the non-breeding
females than that in the large males'.

Some females, died just before oviposition, had
oviductal eggs full of abdominal cavity between
gallbladder and vent with expanded skin
(Nishimura, unpublished data). In these snakes
the mass allocation towards clutch seems to be
limited by the size of abdominal cavity”. However,
CLMC was low in females with low BMC, and at
least in these females the constraint according to
the abdominal cavity may not occur.

In snake species with biennial or less breeding
frequency, females are not supposed to breed before
acquiring enough BMC or FM (see Seigel and
Ford®). In these snakes BMC may be one of the
key factors to decide whether a female becomes
fertile or not. In Japanese mamushi, Agkistrodon
blomhoffii blomhoffii, most females with larger
follicles and performing mating behaviors had
higher BMC than the other females®™. In contrast,
we can judge the breeding condition of only about
20% of female habu from their BMC in the mating
season. In red-sided garter snakes, Thamnophis
sirtalis parietalis, yearly mean of BM in the breeding
season did not correlated to the proportion of the
vitellogenic females®. Therefore, high BMC is not
always indispensable to female reproduction in
several snake species.

The simulated SVL growth estimated for female
habu which skipped breeding was too great. The

reasons of this over-estimation may be as follows;

non-breeding females get energy less than fertile
ones: energy cost of growth in length is more than
that of clutch formation: energy value per BM of
fertile females is more than that of non-breeding
ones. Even if a non-breeding female with the initial
BMC of 0.95 (1.2 in BMCN) gained extra SVL
growth of 20 ecm (Fig. 5), the snake could produce
extra 3 eggs at most in the following season
(Nishimura, unpublished data). Therefore, by
skipping breeding a female with low BMC may
avoid a critical low BMCE rather than expect the
increase in the number of its offsprings in the
following season.
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Appendix 1
The SVL-BM regression equation of non-gravid
females in Fig. 5 in Nishimura and Kamura®” was
wrong. The correct one is;

log Y = 3.183 log X - 3.932 (n = 862, r = .918)

Appendix 2
Regression equations of mass conditions to BMC
in T. flavoviridis (b: slope; a: intercept) based on
the data used in Nishimura™. Regressions are
calculated to pass the point of BMC = 1 and mass

condition = 1. See Table 1 for the abbreviations.

b a n r

Small (45=SVL<90 cm) snakes

FMC 2.510 -1.510 150 729

LMC 1.264 -0.264 82 817

CAMC 0.727 0.273 71 951
Non-breeding females

FMC 1.720 -0.720 146 .780

LMC 1.451 -0.451 46 192

CAMC 0.773 0.227 33 942
Large (90=SVL) males

FMC 2.061 -1.061 201 .806

LMC 1.098 -0.098 48 .602

CAMC 0.925 0.075 26 975






