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RELATIONSHIPS AMONG MOTHERS, 
LITTERS, AND NEONATES IN DIA- 
MONDBACK WATER SNAKES (NERODIA 
RHOMBIFER).-This paper provides repro- 
ductive information from a single population of 
Nerodia rhombifer which contributes to the un- 
derstanding of the allocation of energy in the 
life history of the species. Previous investigators 
have reported on various anecdotal aspects of 
reproduction in N. rhombifer (summaries in 

Wright and Wright, 1957; Fitch, 1970; Ernst 
and Barbour, 1989), but data on the relation- 
ships among sizes of mothers, litters, and neo- 
nates are lacking. 

Female N. rhombifer were collected at the Joe 
T. Hogan State Fish Hatchery at Lonoke, Ar- 
kansas, in late July 1990. Twenty-two gravid 
snakes were maintained in the laboratory in sep- 
arate aquaria provisioned with drinking water, 
but not food, until parturition. Although re- 
ducing food intake is common in gravid reptiles, 
including many snakes (Shine, 1980), it is not 
specifically known whether gravid N. rhombifer 
normally reduce food intake. After parturition, 
mothers were measured (SVL, cm), weighed (g), 
and palpated to ensure that all embryos had 
been born. Neonates were measured (SVL, mm), 
weighed (g), and sexed by probing the base of 
the tail for hemipenes. Data were log-trans- 
formed whenever necessary to meet the as- 
sumptions of normality and homoscedasticity. 
Sex ratio is the proportion of males in a litter. 
To facilitate comparisons of relative clutch mass 
(RCM) in N. rhombifer to published values of 
RCM for other snakes (Seigel and Fitch, 1984), 
I followed Seigel and Fitch (1984) in the cal- 
culation of RCM (i.e., the mass of the litter di- 
vided by the postpartum mass of the mother 
plus the mass of the litter). However, for hy- 
pothesis testing, RCM was calculated by divid- 
ing the mass of the litter by the postpartum mass 
of the mother to avoid potential statistical prob- 
lems associated with having litter mass in both 
the numerator and denominator. 

No snake <79 cm SVL was gravid; all snakes 
>85 cm were gravid as were five of nine snakes 
(56%) between 79 cm and 85 cm SVL. Partu- 
rition occurred from 24 Aug. to 4 Oct., with 
20 of 21 births (>95%) occurring before 15 

Sept. One postpartum female (120.5 cm) was 
found by palpating to contain more embryos 
than the 11 that were born on 31 Aug. She was 
retained and fed in the laboratory until she died 
on 11 Jan. 1991. Subsequent dissection revealed 
10 apparently normal, fully formed dead em- 
bryos within her oviducts. Data from this female 
were not used in the present analysis. 

Reproductive characteristics of mothers and 
neonates are summarized in Table 1. Female 
neonates were slightly heavier than males (males 
= 10.16 ? 0.104, females = 10.49 ? 0.102 g; 
tdf=484 = -2.22, P < 0.05). Male neonates did 
not differ in SVL from females (males = 246.5 

+ 0.84, females = 245.8 ? 0.84 mm; tdf=484 
= 

0.61, P > 0.50), but males had longer tails (males 
= 77.2 ? 0.31, females= 68.8 ? 0.28 mm; tdf=484 
= 20.29, P < 0.001) and, as a consequence, had 
longer total lengths (males = 323.7 ? 1.11, fe- 
males = 314.5 ? 1.07 mm; tdf=484 = 5.94, P < 
0.001). Sex ratio among litters ranged from 
0.27-0.69 and was independent of maternal size 
(for SVL, r = 0.216, P > 0.30, n = 21; for mass, 
r = 0.166, P > 0.40, n = 21), in contrast to that 
recently reported for the natricine Thamnophis 
sirtalis (Dunlap and Lang, 1990). 

As is usually true in snakes (Seigel and Ford, 
1987), maternal size had significant effects on 
most reproductive characteristics in N. rhombi- 
fer. Specifically, longer and heavier mothers 
produced larger and heavier litters and longer 
and heavier neonates (Table 2). 

The proportion of variation in litter size ex- 
plained by regressing litter size on maternal SVL 
(r2 = 0.73) was high relative to that found in 
many studies of snakes (Seigel and Ford, 1987). 
Nerodia rhombifer feed frequently in the high 
resource environment of the Lonoke fish hatch- 
ery ponds (Plummer and Goy, 1984). Field ob- 
servations on Vipera (Andren and Nilson, 1983) 
and laboratory experiments on Thamnophis (Ford 
and Seigel, 1989b) suggest higher correlations 
of litter size with maternal SVL under high re- 
source conditions. 

Mean RCM (0.300) was similar to that cal- 
culated by Seigel and Fitch (1984) for N. rhom- 
bifer (0.289) and to that for 22 species of vivip- 
arous colubrids (0.295). In snakes, RCM is 
typically independent of SVL (Seigel et al., 
1986). Statistically, this pattern holds true for 
N. rhombifer. However, the relationship was suf- 
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TABLE 1. REPRODUCTIVE CHARACTERISTICS OF MOTHERS AND NEONATES OF Nerodia rhombifer. Masses are 

expressed in g. Mass of mothers is postpartum. Sex ratio is the proportion of male neonates in a litter. Relative 
clutch mass (RCM) is litter mass/(mother's body mass + litter mass). 

Mothers (n = 21) Litters (n = 21) Neonates (n = 486) 

SVL (cm) Mass Number Mass RCM Sex ratio SVL (mm) Mass 

Mean 90.8 553.4 23.1 245.2 0.300 0.482 246.1 10.3 
SE 2.1 38.3 2.1 25.9 0.013 0.021 0.6 0.1 
Minimum 78.5 326.4 12.0 108.4 0.195 0.267 180.0 3.2 
Maximum 109.0 991.3 48.0 546.3 0.408 0.688 285.0 13.6 

ficiently close to be viewed as marginally sig- 
nificant (r = 0.414; P = 0.06, n = 21). 

Based on a model of an optimal relationship 
between size and number of offspring, Stewart 
(1979) made three testable predictions regard- 
ing the relationships of maternal size, litter size, 
and neonate size in live-bearing lizards: (1) In 

populations where the relationship between 
maternal size and litter size has a steep slope, 
neonate size should vary little among females; 
(2) In populations with a low litter size, maternal 
size and neonate size should be positively relat- 
ed; and (3) Litter size and neonate size should 
be negatively related within a population. I test- 
ed predictions 1 and 3 and found neither to be 
true for N. rhombifer. The relationship between 
litter size and maternal size in N. rhombifer was 

characteristically steep as found in most natri- 
cines. The slope was the third highest (0.85), 
ranking slightly below the natricines N. taxispilo- 
ta (0.93) and Storeria occipitomaculata (0.86), 
among all snakes reported by Seigel and Ford 
(1987). A slope of 0.73 (r = 0.94, P < 0.001, n 
= 20) calculated from the data of Betz (1963) 
for N. rhombifer from Missouri and Louisiana 
further supports this relationship. Despite the 
steep relationship, in N. rhombifer there is sig- 
nificant variation in neonate size which is pos- 
itively related to maternal size (Table 2). 

To examine Stewart's (1979) third predic- 
tion, the negative relationship between litter 
size and neonate size, I used partial correlation 

analysis to control for the effects of maternal 
SVL. Partial correlation coefficients showed that 
neither neonate SVL (r = -0.030; P = 0.45, n 
= 21, one-tailed) nor neonate mass (r = -0.156; 
P = 0.26, n = 21, one-tailed) decreased with 

larger litters. For the more general question of 
whether any relationships exist between litter 
size and neonate size, the analysis clearly shows 
that the probability is high that there are none 
(SVL, P = 0.90; mass, P = 0.52). The lack of a 

negative relationship between litter size and off- 

spring size parallels results reported by many 
investigators (summary in Ford and Seigel, 
1989a) but contrasts those of Ford and Seigel 
(1989a) for three species of oviparous snakes. 
Ford and Seigel (1989a) argued that the reason 

many investigators failed to find the predicted 
negative relationship between clutch size and 

offspring size in reptiles may have resulted from 
the use of inappropriate statistical techniques 
(simple correlation) which failed to control for 
the effects of maternal size on reproductive 
characteristics. Indeed, my results of the rela- 
tionship between litter size and neonate SVL, 
as determined from simple correlation (r = 0.47, 
P < 0.05, n = 21) and from partial correlation 
(r = -0.03, P > 0.90, n = 21), are in contrast. 

These results, and recent results of others 

(e.g., Brodie and Ducey, 1989; Stewart, 1989; 
Stewart et al., 1990), suggest that the relation- 
ships of female body size, clutch size, and off- 

spring size in snakes are variable among species 

TABLE 2. PRODUCT-MOMENT CORRELATION COEFFICIENTS AMONG VARIOUS CHARACTERISTICS OF MOTHERS, 

LITTERS, AND NEONATES IN Nerodia rhombifer. Significance levels are indicated by * (P < 0.05), ** (P < 0.01), 
and *** (P < 0.001). 

Mass of Number in Mass of Neonate Neonate 
Mother mother litter litter SVL mass 

SVL 0.899*** 0.848*** 0.869*** 0.558** 0.492* 
Mass - 0.703*** 0.775*** 0.679*** 0.599** 
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and still are not clearly understood (Ford and 
Seigel, 1989a). A potential confounding factor 
in these analyses that has not been considered 
by most researchers is the possible placental en- 
hancement of neonate size over and above that 
provided by vitellogenesis (Stewart, 1989). 
However, such enhancement does not occur in 
N. rhombifer (Stewart and Castillo, 1984; Stew- 
art, 1989). In Lonoke N. rhombifer, it appears 
that large females may have greater RCMs which 
is allocated to both larger litters and larger ne- 
onates. There does not appear to be a trade-off 
between litter size and neonate size as predicted 
by optimal offspring size models (e.g., Smith and 
Fretwell, 1974; Brockelman, 1975). Further- 
more, when maternal SVL is held constant, par- 
tial correlation coefficients reveal that greater 
maternal mass yields longer (r = 0.49, P < 0.05, 
n = 21) and heavier (r = 0.41, P < 0.05, n = 

21) neonates, suggesting possible phenotypic 
plasticity in these characteristics (Ford and Sei- 
gel, 1989b). 
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manuscript. 

LITERATURE CITED 

ANDREN, C., AND G. NILSON. 1983. Reproductive 
tactics in an island population of adders, Vipera berus 
(L.), with a fluctuating food resource. Amphibia- 
Reptilia 4:63-79. 

BETZ, T. W. 1963. The gross ovarian morphology 
of the diamond-backed water snake, Natrix rhom- 
bifera, during the reproductive cycle. Copeia 1963: 
692-697. 

BROCKELMAN, W. Y. 1975. Competition, the fitness 
of offspring, and optimal clutch size. Am. Nat. 109: 
677-699. 

BRODIE, E. D., III, AND P. K. DUCEY. 1989. Allocation 
of reproductive investment in the redbelly snake 
Storeria occipitomaculata. Am. Midl. Nat. 122:51-58. 

DUNLAP, K. D., ANDJ. W. LANG. 1990. Offspring sex 
ratio varies with maternal size in the common gar- 
ter snake, Thamnophis sirtalis. Copeia 1990:568-570. 

ERNST, C. H., AND R. W. BARBOUR. 1989. Snakes of 
Eastern North America. George Mason Univ. Press, 
Fairfax, Virginia. 

FITCH, H. S. 1970. Reproductive cycles of lizards and 
snakes. Univ. Kansas Mus. Nat. Hist. Misc. Publ. 
52:1-247. 

FORD, N. B., AND R. A. SEIGEL. 1989a. Relationships 

among body size, clutch size, and egg size in three 

species of oviparous snakes. Herpetologica 45:75- 
83. 

,, AND . 1989b. Phenotypic plasticity in 
reproductive traits: evidence from a viviparous 
snake. Ecology 70:1768-1774. 

PLUMMER, M. V., ANDJ. M. Gov. 1984. Ontogenetic 
dietary shift of water snakes (Nerodia rhombifera) in 
a fish hatchery. Copeia 1984:550-552. 

SEIGEL, R. A., AND H. S. FITCH. 1984. Ecological 
patterns of relative clutch mass in snakes. Oecologia 
(Berl.) 61:293-301. 

, AND N. B. FORD. 1987. Reproductive ecol- 

ogy, p. 210-253 In: Snakes: ecology and evolution- 

ary biology. R. A. Seigel, J. T. Collins, and S. S. 
Novak (eds.). Macmillan Publishing Company, New 
York, New York. 

, H. S. FITCH, AND N. B. FORD. 1986. Variation 
in relative clutch mass in snakes among and within 
species. Herpetologica 42:179-185. 

SHINE, R. 1980. "Costs" of reproduction in reptiles. 
Oecologia (Berl.) 46:92-100. 

SMITH, C. C., AND S. D. FRETWELL. 1974. The op- 
timal balance between size and number of off- 

spring. Am. Nat. 108:499-506. 
STEWART, J. R. 1979. The balance between number 

and size of young in the live-bearing lizard Ger- 
rhonotus coeruleus. Herpetologica 35:342-350. 

1. 1989. Facultative placentotrophy and the 
evolution of squamate placentation: quality of eggs 
and neonates in Virginia striatula. Am. Nat. 133: 
111-137. 

1, AND R. E. CASTILLO. 1984. Nutritional pro- 
vision of the yolk of two species of viviparous rep- 
tiles. Physiol. Zool. 57:377-383. 

1, D. G. BLACKBURN, D. C. BAXTER, AND L. H. 
HOFFMAN. 1990. Nutritional provision to embryos 
in a predominantly lecithotropic placental reptile, 
Thamnophis ordinoides (Squamata: Serpentes). Ibid. 
63:722-734. 

WRIGHT, A. H., AND A. A. WRIGHT. 1957. Handbook 
of snakes of the United States and Canada. Com- 
stock Publ. Assoc. Cornell Univ. Press, Ithaca, New 
York. 

MICHAEL V. PLUMMER, Department of Biology, 
Harding University, Searcy, Arkansas 72143. Ac- 

cepted 20 Nov. 1991. 

Copeia, 1992(4), pp. 1098-1103 
? 1992 by the American Society of 

Ichthyologists and Herpetologists 

SEX RATIO AND SEX-SPECIFIC GROWTH 
RATES OF IMMATURE GREEN TURTLES, 
CHELONIA MYDAS, IN THE SOUTHERN 

BAHAMAS.-Increasing our understanding of 

This content downloaded from 192.133.129.4 on Thu, 21 Mar 2013 13:36:07 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. [1096]
	p. 1097
	p. 1098

	Issue Table of Contents
	Copeia, Vol. 1992, No. 4 (Dec. 18, 1992), pp. 935-1221
	Volume Information [pp. 1198-1221]
	Front Matter [pp. 1151-1153]
	Duplicate Gene Expression and Allozyme Divergence Diagnostic for Catostomus tahoensis and the Endangered Chasmistes cujus in Pyramid Lake, Nevada [pp. 935-941]
	Anolis sagrei in Florida: Phenetics of a Colonizing Species III. West Indian and Middle American Comparisons [pp. 942-954]
	Systematics and Biogeography of the Tennessee Shiner, Notropis leuciodus (Cope) (Teleostei: Cyprinidae) [pp. 954-968]
	Size and Growth Rate Characteristics of a Peripheral Population of Crotaphytus collaris (Sauria: Crotaphytidae) [pp. 968-980]
	Male-Male Competition and Access to Females in the Swordtail Xiphophorus nigrensis [pp. 980-986]
	A Comparative Study of Percid Scales (Teleostei: Perciformes) [pp. 986-1001]
	Eleutherodactylus eurydactylus, a New Species of Frog from Central Amazonian Perú (Anura: Leptodactylidae) [pp. 1002-1006]
	Aerial and Aquatic Oxygen Uptake in the Amphibious Red Sea Rockskipper Fish, Alticus kirki (Family Blenniidae) [pp. 1007-1013]
	New Genus of Primitive Ocean Sunfish with Separate Premaxillae from the Eocene of Southwest Russia (Molidae, Tetraodontiformes) [pp. 1014-1023]
	Effects of Population Density, Size, and Gender on Plasma Testosterone, Thyroxine, Hematocrit, and Calcium in Juvenile Nile Crocodiles (Crocodylus niloticus) in Captivity [pp. 1023-1027]
	Erythrocles taeniatus, a New Emmelichthyid Fish from New Caledonia [pp. 1028-1032]
	Swimming Efficiency of the White Crappie, Pomoxis annularis [pp. 1033-1038]
	Hybridization between Prionotus alatus and P. paralatus in the Northern Gulf of Mexico (Pisces: Triglidae) [pp. 1039-1046]
	Reproductive Apparatus of Two Jawfish Species (Opisthognathidae) with Description of a Juxtatesticular Body [pp. 1046-1053]
	Xyrichtys victori, a New Species of Razorfish from the Galápagos Islands (Teleostei: Labridae) [pp. 1053-1059]
	Comparison of Methods for Determining Low Temperature Tolerance: Experiments with Pinfish, Lagodon rhomboides [pp. 1059-1065]
	Redescription of Characidium fasciatum, Type Species of the Characidiinae (Teleostei, Characiformes) [pp. 1066-1073]
	Shorter Contributions: Ichthyology
	Breeding Cycles in Natural Populations of Xiphophorus nigrensis, X. multilineatus, and X. pygmaeus [pp. 1074-1077]
	Secondary Sexual Dimorphism and Dichromatism in Gulf of California Flatfishes [pp. 1077-1080]
	Field Analysis of Color Cues That Elicit Territorial Behavior in the Garibaldi, Hypsypops rubicundus (Pomacentridae) [pp. 1080-1084]
	Diet and Growth of a Brood of Bagrus meridionalis Günther (Siluriformes: Bagridae) in Lake Malaŵi, Africa [pp. 1084-1088]
	Histological Evidence from Contact Organs for the Respective Monophyly of the Genera Gadus and Boreogadus (Gadidae) [pp. 1088-1094]
	First Record of Reversal in the Flounder Citharichthys spilopterus (Bothidae) [pp. 1094-1095]

	Shorter Contributions: Herpetology
	Relationships among Mothers, Litters, and Neonates in Diamondback Water Snakes (Nerodia rhombifer) [pp. 1096-1098]
	Sex Ratio and Sex-Specific Growth Rates of Immature Green Turtles, Chelonia mydas, in the Southern Bahamas [pp. 1098-1103]
	Oviductal Anatomy and Seasonal Sperm Storage in the Southeastern Crowned Snake (Tantilla coronata) [pp. 1103-1106]
	Seasonal Activity and Movements of Bog Turtles (Clemmys muhlenbergii) in North Carolina [pp. 1107-1111]
	Effect of Intermale Spacing on Female Frequency Preferences in the Painted Reed Frog [pp. 1111-1114]
	Redescription of the Mexican Lizard Barisia rudicollis (Weigmann) (Sauria: Anguidae) [pp. 1114-1117]
	Effect of Enzyme Dilution on the Relative Electrophoretic Mobility of Glutamate Dehydrogenase Isozymes in the Prairie Rattlesnake, Crotalus viridis viridis [pp. 1117-1119]
	Nest Construction by an Australian Rainforest Frog of the Litoria lesueuri Complex (Anura: Hylidae) [pp. 1120-1123]
	Courtship and Nest-Building Behavior of a Bornean Frog, Rana blythi [pp. 1123-1127]
	High Frequency of Ventral Scale Anomalies in Vipera berus Populations [pp. 1127-1130]

	Reviews
	Review: untitled [pp. 1131-1132]
	Review: untitled [pp. 1132-1134]
	Books Received [pp. 1135-1136]

	Editorial Notes and News [pp. 1137-1143]
	Edward C. Raney, 1909-84 [pp. 1143-1150]
	Summary of the Meetings 1992 [pp. 1154-1197]
	Back Matter



