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 Herpetologica, 40(2), 1984, 182-193
 ? 1984 by The Herpetologists' League, Inc.

 REPRODUCTIVE BIOLOGY OF THE NORTHERN PACIFIC

 RATTLESNAKE (CROTALUS VIRIDIS OREGANUS)
 IN NORTHERN IDAHO

 LOWELL V. DILLER AND RICHARD L. WALLACE

 ABSTRACT: Reproductive biology of the northern Pacific rattlesnake (Crotalus viridis oreganus)
 was studied in snakes from three hibernacula in northern Idaho from 1978 to 1981. More females
 than males were captured, but an analysis of unbiased samples showed a 1:1 sex ratio. Mature
 males captured from late March to October carried spermatozoa in at least the distal portion of
 the vas deferens. Upon first emergence, reproductive females had large yolked ova, up to 35 mm
 in length. Ovulation occurred from mid-May to mid-June. Parturition occurred over a 30-day
 period beginning in early September. Males longer than 52 cm snout-vent length (SVL) and with
 four or more rattles were sexually mature. Most females larger than 55 cm SVL and with five or
 more rattles were sexually mature. Mean clutch size was 5.5, and clutch size was significantly
 correlated with female body size. The mean proportion of females reproducing annually varied
 from 54-77% in the three populations of snakes. Reproductive females had the greatest percentage
 body fat, followed by nonreproductive females and males. The population of snakes with the
 highest mean proportion of females reproducing annually (77%) also had significantly larger fat
 bodies. We concluded that nutrition, as evidenced by the size of fat bodies, is the major factor
 controlling the frequency of reproduction in females.

 Key words: Reptilia; Serpentes; Viperidae; Crotalus; Reproduction; Fat bodies

 THE northern Pacific rattlesnake, Cro-
 talus viridis oreganus, is distributed from
 central California northward through
 much of Oregon, eastern Washington and
 northcentral Idaho to southern British Co-
 lumbia (Stebbins, 1966). In general, west-
 ern rattlesnakes (Crotalus viridis) have
 been rather extensively studied (Aldridge,
 1979a; Diller, 1981; Fitch, 1949; Fitch and
 Glading, 1947; Kaluber, 1956; Rahn, 1942;
 Woodbury, 1951). However, the field
 study done by Fitch in the 1940's of C.
 viridis oreganus in central California near
 the southern limit of its range is the only
 major work done on this subspecies.

 One objective of this study was to de-
 termine certain key aspects of the life his-
 tory of C. viridis oreganus in northern
 Idaho near the northern limits of its range
 and compare these results with similar data
 from populations occurring in more
 southern regions. In particular, we com-
 pared clutch size, frequency of reproduc-
 tion in females, timing of seasonal repro-
 ductive events, and fat body cycles. We
 worked with three populations of snakes
 to determine also how these same life his-

 tory features might vary among sites in
 the same general locality.

 STUDY AREA

 All collections came from sites located
 in northern Idaho, in Nez Perce and
 southern Latah counties. These counties
 are in the eastern portion of the Columbia
 Plateau Province of the Pacific Northwest.
 Nez Perce County is bisected by the
 Clearwater River canyon, which separates
 the Palouse Hills section to the north from
 the Craig Mountain section to the south.
 There is considerable dry land farming in
 the region. Elevation varies from 225 m
 at the mouth of the Clearwater River to
 > 1120 m in the Craig Mountain area.

 The climate of the area can be char-
 acterized as modified temperate continen-
 tal, with precipitation mostly in the win-
 ter. The mean number of frost free days
 varies locally from 150-170 per year. An-
 nual precipitation varies from 38-60 cm.
 Mean annual snow fall is about 100 cm.
 The average annual temperature is about
 10 C. The mean maximum temperature
 in January is about 3 C and the mean min-
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 imum temperature is near -5 C. In July,
 the mean maximum and minimum tem-
 peratures are about 30 C and 12 C, re-
 spectively.

 Hibernacula in the general study area
 are usually located in talus on southerly
 exposed grassy slopes, similar to those de-
 scribed by Klauber (1956) for C. v. ore-
 ganus in the Pacific Northwest. These rock
 slides can be very extensive, but most are
 <1 ha. We found most snakes at the up-
 per edge of rock slides, where a layer of
 dirt and smaller rock covered the larger
 talus. We seldom found rattlesnakes in the
 lower half of slides, where larger rocks
 (20-40 cm) accumulated.

 Most of our field work was concentrat-
 ed at three hibernacula: Tammany Creek
 (TC) was located about 18 km south of
 Lewiston, Nez Perce County, at about 760
 m in elevation, Wally's Den (WD) 9 km
 northeast of Kendrick, Latah County, at
 an elevation of 610 m, and Kendrick Den
 (KD) about 3 km north of Kendrick, La-
 tah County, at an elevation of 520 m. Oth-
 er hibernacula were visited during the
 course of the study, but they contributed
 only minor numbers of snakes.

 METHODS AND MATERIALS

 A total of 387 C. v. oreganus was col-
 lected over a 4-yr period from 1978-1981.
 The majority of snakes were collected
 during searches through the talus at ap-
 propriate times of day. Almost 70% of the
 rattlesnakes were collected in the spring
 with the remaining captures occurring
 throughout summer and fall. All captures
 of snakes that were found active at or near
 hibernacula were considered to be biased
 samples relative to sex ratios. Only two
 collections of snakes were considered un-
 biased relative to sex ratios. The first was
 66 snakes that were excavated from a hi-
 bernaculum prior to spring emergence.
 The second sample considered unbiased
 came from a collection of 23 snakes cap-
 tured in drift fences during fall reentry
 into one hibernaculum in 1980. All cap-
 tured snakes were taken to the laboratory
 and immediately frozen, except for 21 ju-

 venile snakes that were marked and re-
 leased.

 The following data were recorded for
 each snake: sex, snout-vent length (SVL),
 total body mass, number of rattles (counts
 excluded the proximal segment), fat body
 mass, and reproductive condition. Ab-
 dominal fat bodies were extracted,
 weighed and expressed as a percent of to-
 tal body mass. Males were judged sexually
 mature based on the presence of sperma-
 tozoa in the vas deferens (mature males
 had spermatozoa in the vas deferens at all
 times of the year that they were collect-
 ed). Females were judged sexually mature
 if they would have produced young the
 year of capture or if the snake previously
 had young. In the early spring, females
 were identified as reproductive by the
 presence of conspicuously yolked ova. We
 were able to determine that many females
 collected in the early spring had young
 the previous year by the presence of "in-
 cubation chambers" in the oviducts (Rahn,
 1942). The following additional data were
 recorded for most females: number of
 yolked ova, ova size (length x width), po-
 sition of ova (ovarian or oviducal), ova
 mass and condition of the oviducts when
 appropriate. Clutch size was considered
 the number of ova ovulated.

 Estimates of reproductive effort were
 patterned after Tinkle and Hadley (1973),
 who calculated reproductive effort in Sce-
 loporus jarrovi as "the total energy con-
 tent of eggs compared with that of the
 whole body." Our estimates of reproduc-
 tive effort were calculated in two ways:
 (1) mean caloric content of a clutch of
 recently ovulated eggs divided by the
 mean caloric content of the whole body
 of mature females, and (2) mean caloric
 content of a clutch of neonates divided by
 the mean caloric content of females. Ca-
 loric content of eggs, neonates and female
 whole bodies was estimated from wet
 weights using the conversions proposed by
 Vitt (1978). Neonate caloric content was
 calculated using the conversion for total
 body calories, since Vitt did not propose
 a separate conversion for neonates.
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 FIG. 1.-Length frequency, number of rattles, and sexual maturity of Crotalus viridus oreganus captured
 in early spring.

 Student's t-tests were used for compar-
 isons of mean length of males and females
 when variances were equal. If the vari-
 ances were unequal, we used the Behren-
 Fisher t-test, t', with the degrees of free-
 dom estimated using the Satterthwaite
 approximation. Data on percent body fat
 (percent of total body mass) were treated
 by ARCSIN transformation. These data
 were then analyzed by a completely ran-
 dom ANOVA, 3 x 4 factorial design
 (three locations, four reproductive condi-
 tions of snakes).

 RESULTS

 Activity

 First emergence of C. viridis from their
 hibernacula occurred from late March to
 mid-April depending on the vagaries of
 weather and exposure of a particular hi-
 bernaculum. The latest capture of a snake
 in the fall occurred on 16 November, but
 most snakes had reentered hibernacula by
 early October.

 Detailed observations were not made on
 daily activity of snakes. However, during
 a typical sunny day snakes began sunning
 about 1000 h and all snakes were under
 some type of shelter by early afternoon.
 A second period of daily activity typically
 occurred in the late afternoon and eve-
 ning, but it was less predictable and ex-
 tensive than the morning activity period.

 Population Structure and
 Growth Rates

 Distinct size or age classes were difficult
 to identify based on length-frequency data
 or rattle formation (Fig. 1). Snakes with
 only a button were probably all born the
 previous fall and were entering their first
 summer of growth, but additional age
 classes cannot be clearly identified. The
 length-frequency distribution appears to
 be a continuum with no discrete size
 classes. The frequency of rattle numbers
 also cannot be separated into discrete
 groups. In the spring, only two males were
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 found with just one rattle and only four
 females had four rattles, but all other rat-
 tle numbers were approximately propor-
 tional until the higher numbers were
 reached where many rattle strings were
 broken.

 Growth rates were not directly mea-
 sured, but the highly variable nature of
 growth in these snakes is illustrated by Fig.
 1. Snakes of the same length can vary
 100% or more in the number of intact rat-
 tles they possess and, thus, the number of
 times they have shed during their lives.
 This apparent variation in growth was
 most conspicuous in females. Females with
 five rattles varied in size from 35-63 cm
 SVL. Although it was not quantified, the
 apparent differences in growth rates were
 also indicated by the difference in the ta-
 per of intact strings of rattles. Snakes that
 were relatively large for a given number
 of rattles, and apparently growing rapid-
 ly, had a very sharp taper in their rattles
 (each succeeding rattle was conspicuously
 larger than the previous one), while snakes
 that were relatively small for a given
 number of rattles, and probably growing
 slowly, had a very slight taper to their
 string of rattles.

 The mean SVL of mature males was
 significantly greater than that of females
 (t' = 3.7, df = 129, P < 0.001). Sexually
 mature males (Fig. 1) had a mean SVL of
 70.6 cm (n = 90, SD = 10.85), while sex-
 ually mature females averaged 65.9 cm
 (n = 84, SD = 5.19). Mean body masses
 were 230.2 g (SD = 99.28) and 191.9 g
 (SD = 71.05), respectively, for these same
 males and females. There was no signifi-
 cant difference in the SVL of male and
 female C. v. oreganus at birth (t = 1.08,
 df = 19, P > 0.29).

 Total captures of snakes strongly fa-
 vored females (240 females: 147 males).
 However, an unequal sex ratio was not
 proposed, because our collecting efforts
 were biased toward females. Combined
 unbiased samples (48 females: 41 males,
 x2 = 0.55, P > 0.4) indicated that the pop-
 ulation had a 1:1 sex ratio. Based on four
 clutches (eight females: 11 males, X2 =

 PARTURITION I

 GESTATION I

 OVULATION -4

 2- VITELLOGENESIS

 MATING .......

 SPERM IN VAS DEFERENS

 A M J J A S 0 N

 Month

 FIG. 2.-Reproductive cycle of Crotalus viridis
 oreganus in northern Idaho. Period of mating is based
 on estimates from other studies.

 0.24, P > 0.6), the primary sex ratio was
 also equal.

 Reproduction

 The annual timing of reproductive
 events for C. v. oreganus in northern Ida-
 ho is summarized in Fig. 2. At all times
 when mature males were captured (late
 March-early October), spermatozoa were
 present in at least the distal portion of the
 vas deferens. Mating activity was never
 observed, so it can only be surmised that
 breeding occurred in the spring as has
 been reported for other C. v. oreganus
 (Fitch and Glading, 1947; Klauber, 1956).

 Secondary vitellogenesis (Aldridge,
 1979a) began shortly after parturition in
 the fall in those females that would repro-
 duce in the succeeding year. Upon first
 emergence in the spring, reproductive fe-
 males already carried large yolked ova up
 to 35 mm in length. Secondary vitellogen-
 esis was completed and ovulation oc-
 curred by mid-May to mid-June depend-
 ing on annual and individual differences.
 On the average, gestation extended from
 early June to late September (about 110
 days). Parturition occurred during about
 a 30-day period from early September to
 early October. Eliminating annual varia-
 tion by just considering 1980, when we
 had the best samples, ovulation occurred
 during a 3-wk period (3 June-24 June),
 while parturition occurred during a 4-wk
 period (6 September-5 October).
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 FIG. 3.-Seasonal change in mean mass of ova and embryos of gravid Crotalus viridis oreganus.

 Ova weighed from 2-4 g each when
 reproductive females first emerged in the
 spring (Fig. 3). At ovulation, the mean
 mass of ova was 9.8 g (based on 26 clutch-
 es, SD = 1.58). At birth, the young
 weighed 18.1 g (n = 22, SD = 2.21).

 The smallest sexually mature male was
 46 cm SVL and had four rattles. Another
 male at 49 cm with just three rattles was
 sexually mature. With only one exception,
 all males over 52 cm in SVL and with four
 or more rattles were sexually mature. The
 smallest sexually mature female was 55
 cm SVL but had a broken string of rattles.
 The female with the fewest rattles when
 sexually mature was 59 cm SVL with only
 four rattles. Of the females >55 cm SVL
 and with five rattles, six of nine were sex-
 ually mature. Excluding one obviously
 aberrant female, the largest females not
 sexually mature were a female at 63 cm

 with nine rattles and another one at 64
 cm with six rattles.

 There was a significant correlation be-
 tween clutch size and female SVL in all
 three populations of C. v. oreganus (linear
 regression; TC, F126 = 30.25, P ' 0.0001;

 WD, F15,5= 49.48, P ' 0.0001; KD, F1 34 =
 16.59, P < 0.0001). Although the slopes of
 these three regressions (Fig. 4) were not
 significantly different (ANCOVA, F2,111 =
 1.28, P > 0.10), the regression from TC
 produced the greatest slope (b = 0.22),
 followed by WD (b = 0.20) and KD (b =
 0.14). R-squared values showed the same
 pattern with TC having the highest value
 (R2 = 0.54) followed by R2 values of 0.49
 and 0.33, respectively, for the regressions
 from WD and KD.

 The mean clutch size was 5.5 (n = 117,
 SD = 1.35) based on counts of developing
 ova and oviducal eggs/fetuses (including
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 FIG. 4.-Regression of clutch size on snout-vent
 length in three populations of Crotalus viridis ore-
 ganus.

 nonviable ones). There was a significant
 difference in clutch size adjusted for fe-
 male SVL among locations (ANCOVA,
 F2,113 = 12.48, P c 0.0001). Females from
 TC had a significantly greater clutch size
 (x= 6.1, n = 28, SD = 1.47) than those
 from WD or KD (x = 5.2, n = 53, SD =
 1.34 and x = 5.4, n = 36, SD = 1.35, re-
 spectively; LSMEANS, P < 0.01). How-
 ever, of 197 developing fetuses, 24 were
 not viable due to either egg infertility or
 fetal death. Thus, the realized fecundity
 was 12.2% less than mean clutch size based
 on ovarian and oviducal egg counts.

 The proportion of females reproducing
 annually varied among sites. At each site,
 there was also annual variation in the pro-
 portion of females reproducing, but sam-
 ple sizes were too small each year to make
 meaningful comparisons. The frequency
 of gravid females captured in the spring
 was 30 of 39 (77%) at TC, 23 of 40 (58%)

 at WD, and 6 of 11 (54%) at KD. Thus, a
 significantly higher proportion (X2 = 3.94,
 P = 0.047) of females reproduced annual-
 ly at TC as compared to WD and KD
 combined.

 Two estimates of reproductive effort
 were calculated due to the difference in
 mean mass of recently ovulated eggs ver-
 sus neonates. This difference gave esti-
 mates of 87.3 kcal for a clutch of recently
 ovulated eggs, while a clutch of neonates
 was estimated to contain 191.0 kcal. Ma-
 ture female bodies contained an estimated
 379.6 kcal. Thus, reproductive effort, de-
 fined as the mean caloric content of a
 clutch of recently ovulated eggs divided
 by the mean caloric content of the whole
 body of a mature female, was 0.23. How-
 ever, if reproductive effort is defined as
 the mean caloric content of a clutch of
 neonates divided by the mean caloric con-
 tent of a sexually mature female, then its
 value was 0.50.

 Fat Bodies

 Reproductive females had the highest
 percentage of body fat followed by im-
 mature females, nonreproductive females
 and males (Table 1). Since there was no
 significant interaction between location
 and reproductive condition (ANOVA,
 F =2. =0.71, P = 0.64), we could combine
 locations to analyze percent fat of snakes
 in various reproductive conditions, and
 combine reproductive conditions to ana-
 lyze percent fat of snakes at the three lo-
 cations. There was a significant difference
 in percent fat among reproductive con-
 ditions (ANOVA, F2203 = 32.37, P <
 0.0001). Reproductive females and im-
 mature females had significantly more
 body fat than non-reproductive females
 or mature males (LSMEANS, P ' 0.0001).
 There was a significant difference in per-
 cent body fat among locations (ANOVA,
 F2,203 = 12.08, P < 0.0001). Snakes from
 TC had a significantly greater amount of
 body fat than did snakes from WD or KD
 (LSMEANS, P < 0.001).

 The seasonal fat body cycle of repro-
 ductive females was indicated by plotting
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 TABLE 1. -Mean fat body mass (percent of total body mass) in four classes of rattlesnakes from three
 locations, 1978-1981. All samples were collected in the spring, March through 18 May.

 TC WD KD Totals
 Reproductive
 condition n i SD n x SD n x SD n x SD

 Reproductive
 females 30 9.5 1.93 28 7.1 2.06 6 7.6 1.60 64 8.29** 2.27

 Non-reproductive
 females 9 6.0 3.59 17 4.6 2.56 7 3.6 2.79 33 4.74 2.95

 Immature females 10 8.4 2.40 9 7.5 2.41 13 6.5 2.61 32 7.38** 2.54
 Mature males 29 5.6 1.96 33 4.5 1.63 24 3.7 1.59 86 4.66 1.88
 Totals 78 7.5* 2.85 87 5.6 2.43 50 4.9 2.57

 * Significantly different (ANOVA, F,,M = 12.08, P C 0.0001; LSMEANS, P < 0.001) from totals at other locations.
 ** Significantly different (ANOVA, F,. = 32.37, P < 0.0001; LSMEANS, P C 0.0001) from other totals.

 percent body fat of reproductive females
 captured at various times throughout their
 activity period (Fig. 5). Although there
 was considerable individual variation, the
 figure indicates a decrease in body fat
 during the spring and little change
 throughout the summer and fall. Few
 nonreproductive females could be collect-
 ed throughout the summer and fall. How-
 ever, even with limited data, there is evi-
 dence that non-reproductive females
 increased in body fat throughout the sum-
 mer and fall (Fig. 5). Similar plots of fat
 body cycles for mature males indicate
 considerable individual variation, and no
 obvious seasonal cycle could be identified
 (Fig. 5).

 DISCUSSION

 Sexual size dimorphism (males larger
 than females) has been reported in C. vir-
 idis and most other species of Crotalidae
 (Shine, 1978a). He suggested that this re-
 sults from a breeding advantage enjoyed
 by larger males where male-male combat
 occurs. Although we did not observe male-
 male combat, Klauber (1956) reported that
 it does occur in C. viridis.

 It is difficult to know if unequal num-
 bers of males and females in a sample in-
 dicate an unequal sex ratio in the popu-
 lation, since differences in behavior and
 activity between the sexes often bias cap-
 ture success. The sex ratio of snakes cap-
 tured during this study strongly favored
 females, but this was due to an apparent

 difference in behavior between the sexes
 and not to a numerical difference. Almost
 all of our collecting efforts occurred at or
 near hibernacula, since collecting in other
 areas was unproductive. In the early
 spring, when snakes were first emerging,
 and in the fall, when they were returning
 to their hibernacula, captures of males and
 females were essentially equal. However,
 during the summer months (June, July and
 August), almost all snakes captured (49 of
 50) were gravid females. This strongly
 suggests that immature and nongravid fe-
 males plus all males disperse from the hi-
 bernaculum, while at least some and per-
 haps all gravid females remain near the
 hibernaculum. By excluding summer cap-
 tures, we conclude that the sex ratio is
 equal in the populations we studied.

 Most field studies of C. viridis report a
 sex ratio favoring males (Fitch, 1949; Ju-
 lian, 1951; Parker and Brown, 1973),
 which is interpreted to result from a higher
 mortality rate in females. Since our pri-
 mary sex ratio was not significantly dif-
 ferent from 1:1, it would appear that mor-
 tality rates for males and females in the
 study populations were equal.

 Seasonal testicular events were not
 monitored, but the presence of sperma-
 tozoa in the vas deferens at all times of
 the year when snakes were collected in-
 dicates that the male reproductive cycle
 of C. viridis in northern Idaho is the "aes-
 tival type" as described by Saint Girons
 (1982). Aldridge (1979b) described this
 same male reproductive cycle for C. vir-
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 FIG. 5.-Seasonal fat body cycles of reproductive
 female, nonreproductive female, and mature male
 Crotalus viridis oreganus. (Snakes from TC were not
 included because of limited mid-summer and fall
 collections.)

 idis in New Mexico, where spermatogen-
 esis occurs during the summer months, but
 spermatozoa are stored in the vas deferens
 throughout the winter. Thus, males are
 capable of breeding in the spring before
 the onset of summer spermatogenesis.

 The female reproductive cycle for C.
 viridis in northern Idaho fits the pattern
 of a "Type II cycle" as described by Al-
 dridge (1979a). This cycle has been de-
 scribed for all Crotalidae that have been
 studied (Aldridge, 1979a; Gibbons, 1972;

 Rahn, 1942; Tinkle, 1962; Warton, 1966).
 There are few studies that have at-

 tempted to determine the age structure of
 a snake population because of the diffi-
 culty in aging snakes. Although it is entic-
 ing to try to use length-frequency data to
 establish size and age classes, the highly
 variable growth rates of these snakes
 makes such calculations too arbitrary to be
 meaningful.

 If the frequency of sheddings were
 known, this could be used to estimate the
 age of snakes. Klauber (1956) discussed
 various studies where the frequency of
 shedding in at least subadult rattlesnakes
 was estimated by showing that rattle
 numbers of unbroken strings occurred in
 discrete modal classes. For example, Fitch
 (1949) found that C. v. oreganus in cen-
 tral California had a modal rattle number
 of four after their first year of growth,
 while most snakes had six or seven rattles
 after their second year. From these types
 of data, Klauber concluded that juvenile
 rattlesnakes in the wild ". . . shed from 2
 to 4 times in their first full growing season,
 and from 1 to 4 times their second, and
 that the number of sheddings depends on
 the duration of the season of activity."
 Klauber indicated that adult rattlesnakes
 typically shed once a year where the cli-
 mate allows only about 6 mo of activity
 per year.

 Rattle numbers did not occur in dis-
 crete modal classes in snakes from this
 study, which suggests that at least part of
 the snakes were shedding annually. If ju-
 venile snakes were shedding two to four
 times during their first season of growth,
 then snakes emerging in the spring with
 one rattle should be absent in the popu-
 lation and most juveniles should have three
 rattles. Since few male snakes were found
 with one rattle and there were no modal
 classes of any rattle number, it appears
 that most juvenile males shed twice in their
 first year. Females with even one rattle
 are well represented, which suggests that
 many females may shed only once even
 in their first year of growth. Unpublished
 data from a mark-recapture study by the
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 authors indicates that most mature rattle-
 snakes shed once per year.

 It is well known that the frequency of
 shedding varies with the rate of growth
 (Fitch, 1949; Klauber, 1956). Since we
 suspect highly variable growth rates, we
 would expect that frequency of sheddings
 was also quite variable in this population
 of snakes. However, we believe that rattle
 numbers allow one to tentatively estimate
 the age at sexual maturity for most snakes
 from this study. Since one of six males
 with three rattles and all males with four
 rattles were sexually mature, we believe
 that most males reach sexual maturity in
 2-3 yr. This estimate for males is consis-
 tent with other estimates of temperate
 zone snakes (Diller, 1981; Fitch and Glad-
 ding, 1947; Parker, 1974; Shine, 1981). The
 age at sexual maturity appeared more
 variable for females. One of four with four
 rattles, six of 14 with five rattles, six of
 nine with six rattles and all females with
 seven or eight rattles were sexually ma-
 ture, but one female with nine rattles was
 still not sexually mature. This would sug-
 gest that age at sexual maturity could vary
 from 4-6 yr or even more in rare cases.
 Most estimates of age at sexual maturity
 of females ranged from 3-5 yr for tem-
 perate zone snakes (Diller, 1981; Keen-
 lyne, 1978; Klauber, 1956; Parker, 1974;
 Shine, 1980; Vols0e, 1944), except for the
 estimate of 6 yr reported for female C.
 horridus (Gibbons, 1972). Although the
 magnitude may be tentative, this study
 and most studies listed above indicate a
 delayed maturity for females relative to
 males.

 Mean clutch size of 5.5 reported here
 for C. viridis oreganus in northern Idaho
 is much less than the mean clutch size of
 9.9 reported for C. viridis oreganus in
 central California (Fitch, 1949) and 8.3
 for C. viridis lutosus in southern Idaho
 (Diller, 1981). Glissmeyer (1951) reported
 a mean clutch of 5.5 for C. viridis lutosus
 in Utah, but this was based on palpation
 counts that we consider unreliable. The
 small clutch size of C. viridis oreganus in

 northern Idaho initially suggests a low re-
 productive effort, but it is explained sim-
 ply by their smaller body size. Fitch (1949)
 reported females typically weighing be-
 tween 300-400 g with one individual
 weighing >600 g and Diller (1981) re-
 ported a mean of >400 g for mature fe-
 males. Mature females in this study av-
 eraged only 192 g. Instead of a low
 reproductive effort superficially suggested
 by a small clutch size, the calcuation of
 reproductive effort for females in this
 study is higher (0.5 versus 0.4) than the
 same calculation for C. viridis lutosus in
 southern Idaho (Diller, 1981). No calcu-
 lation of reproductive effort is available
 for C. viridis oreganus in central Calif or-
 nia (Fitch, 1949).

 Comparing our results with Fitch's
 (1949) study in central California indi-
 cates that there is a decrease in clutch size
 with increases in latitude in C. viridis or-
 eganus due in part to a smaller body size
 in northern populations. Using Klauber
 (1956) as a source, Fitch (1980) reported
 that C. viridis shows an increase in clutch
 size with latitude. However, his compari-
 son was among several subspecies of C.
 viridis which may be genetically dissimi-
 lar. Klauber (1956) reported that, in gen-
 eral, rattlesnakes show a decrease in size
 with increases in latitude, although local
 feeding conditions may reverse this trend.
 Since larger females tend to have larger
 clutches, it seems most likely that rattle-
 snakes have smaller clutches at northern
 latitudes as evidenced by this study.

 The calculated increase in caloric con-
 tent of neonates relative to recently ovu-
 lated eggs and the concomitant increase
 in estimates of reproductive effort suggest
 a maternal-fetal exchange of nutrients in
 C. v. oreganus. This same phenomenon
 was also noted for C. v. lutosus in south-
 western Idaho (Diller, 1981). Some form
 of placentation with nutritive exchange
 has been suggested for several snake
 species with intra-uterine embryonic de-
 velopment including several species of
 Thamnophis (Hoffman, 1970) and Vipera
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 berus (Bellairs et al., 1955). We know of
 no such work demonstrating placentation
 for a Crotalidae.

 The strong correlation between expect-
 ed fecundity and female size indicates that
 reproductive potential increases with age.
 Both the increased reproductive potential
 with age and the high reproductive effort
 of females result in delayed sexual matu-
 rity of females relative to males. By de-
 laying reproduction with its associated
 risks and energy costs, until the body size
 has increased, females theoretically can
 increase their life-time reproductive po-
 tential (Bull and Shine, 1979). Reproduc-
 tion for males presumably does not entail
 the high risks and energy costs required
 of females, so selection does not favor de-
 laying sexual maturity in males (Shine,
 1978b).

 Historically, researchers have assumed
 an innate biennial reproductive cycle for
 female rattlesnakes whenever collections
 indicated that, on the average, approxi-
 mately one half of the mature females
 were gravid during any one year (Fitch,
 1949; Glissmeyer, 1951; Klauber, 1956;
 Rahn, 1942). Our data could be interpret-
 ed to indicate that females in two popu-
 lations (WD and KD) have a biennial re-
 productive cycle, while females from the
 third population (TC) are genetically
 either annual or biennial reproducers.
 However, there was evidence that some
 females reproduce annually in all three
 populations. Certain females collected in
 early spring after they have recently
 emerged from hibernation contained
 remnants of incubation chambers in the
 oviducts from the previous years' litter and
 had conspicuously enlarging ova indicat-
 ing that they will reproduce in two con-
 secutive years. A total of 11 of 23 (47.8%)
 females at TC, 12 of 35 (34.3%) females
 at WD and two of nine (22.2%) females
 at KD showed evidence of annual repro-
 duction. (Their numbers were not used in
 calculating frequencies of reproduction,
 because evidence of brood chambers is
 rapidly lost in the spring and it was not

 always possible to distinguish between fe-
 males that had not reproduced the pre-
 vious year and those in which all remnants
 of brood chambers had simply disap-
 peared.)

 We believe that the best explanation of
 our data on the proportion of females re-
 producing annually is supplied by Al-
 dridge (1979a). He postulated that all
 temperate zone snakes are potentially an-
 nual breeders and that energy require-
 ments determine the actual percentage of
 females breeding in a given year. Possibly
 rattlesnakes at TC had a "better" prey base
 (qualitatively or quantitatively) than those
 at either WD or KD, so that a higher per-
 centage of the females at TC could meet
 the energy requirements to reproduce an-
 nually.

 There were additional data that would
 support the conclusion that snakes at TC
 had an increased reproductive capacity
 due to a better food supply. The mean
 clutch size was significantly higher at TC
 than either WD or KD, even though there
 was no difference in mean SVL of females
 among sites. Also, the regression of clutch
 size on SVL produced a higher slope at
 TC than the other two sites. Although these
 differences in slopes were not statistically
 significant (P = 0.14) due to high individ-
 ual variation, we believe that females of
 a given size are able to produce more
 young at TC. It could be postulated that
 these are genetic differences, except that
 all three populations occur within 40 km
 of each other, and there are continuous
 populations of snakes between the sites to
 facilitate gene flow.

 Total lipid stores in a snake have been
 shown to be accurately reflected by the
 weight of abdominal fat bodies (Cale and
 Gibbons, 1972). The primary function of
 these fat bodies is believed to be related
 to either overwintering or reproduction.
 If females have proprtionately larger fat
 bodies than males, and there is a decrease
 in fat body size during times of high re-
 productive demands, then fat bodies are
 believed to be utilized primarily for re-
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 production (Derickson, 1976; Hahn and
 Tinkle, 1965).

 Our data indicate that fat bodies are
 used primarily for reproduction in C. vir-
 idis in northern Idaho, since reproductive
 females have larger fat bodies than males,
 and the size of fat bodies decrease
 throughout the spring and early summer
 in gravid females. The same conclusion
 was reached for several other species of
 rattlesnakes (Gibbons, 1972; Kennlyne,
 1972; Tinkle, 1962). Based on the rela-
 tively large fat bodies of reproductive fe-
 males in the spring as compared to non-
 reproductive females (nearly twice as large
 on the average), it seems likely that insuf-
 ficient lipid reserves inhibit vitellogenesis
 and prevent reproduction in a similar
 fashion to that reported by Hahn and Tin-
 kle (1965). They excised fat bodies from
 the lizard Uta stansburiana and vitello-
 genesis was inhibited. The critical time is
 probably immediately after parturition,
 when females with ample fat bodies were
 observed to immediately begin secondary
 vitellogenesis, while ovaries of emaciated
 females would remain quiescent.

 Vipera berus is reported to reproduce
 strictly on a biennial cycle in southern En-
 gland because fat reserves are depleted
 following parturition, and there is not time
 for females to feed before hibernation
 (Prestt, 1971). Although our graphs of fat
 body cycles of reproductive and nonre-
 productive females (Fig. 5) appear to be
 quite similar to that reported for V. berus
 by Prestt (1971), there is a much greater
 range of individual variation in fat body
 size in C. viridis. Thus, females with the
 greater amounts of fat reserves are able to
 reproduce in successive years. It is diffi-
 cult to explain how C. viridis in northern
 Idaho could obtain adequate energy re-
 serves to reproduce in successive years
 when V. berus in southern England can-
 not. The two species have similar ecolo-
 gies and are active for almost exactly the
 same period of time during the year. It is
 also interesting to speculate whether cer-
 tain female C. viridis in northern Idaho
 can reproduce annually for several suc-

 cessive years, or if they only reproduce
 annually for 2 yr in a row after a period
 of exceptional feeding success.

 Larger fat bodies combined with great-
 er reproductive rates at TC in comparison
 to the other two sites provides indirect
 evidence that food supply influences re-
 productive rate and that adequate energy
 reserves are essential for annual reproduc-
 tion in C. viridis in northern Idaho. Based
 on the variation seen among sites in the
 same locality, and the fact that biennial
 reproductive cycles have been identified
 in rattlesnakes in southern localities (Gib-
 bons, 1972; Tinkle, 1962), it appears that
 the frequency of reproduction in female
 rattlesnakes is more dependent on food
 supply than latitude.

 Acknowledgments.-We thank James Howard,
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