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ABSTRACT

We investigated differences in metabolism and locomotor performance of male and female spotted salamanders collected during the breeding season.  Male salamanders had faster voluntary crawling speeds than did females (both gravid and post-gravid).  Burst swimming velocity was higher in males than in gravid females, but there was no difference in burst crawling speeds between the sexes.  Oxygen consumption was greater in females both during rest and during locomotion at the voluntary crawling speed of gravid females.  Both male and post-gravid females sustained locomotion longer than did gravid females.  These findings suggest differences in locomotor performance and energetics that may, in part, account for observed differences in arrival times at breeding sites and survival between male and female mole salamanders.

INTRODUCTION

Ambystomid salamanders may migrate considerable distances from overwintering sites to breeding ponds (reviewed in Petranka, 1998).  Therefore, the energy expended on locomotion to the breeding area may constitute a considerable portion of the total cost of reproduction.  Moreover, as the mass of mature gametes carried by a gravid female during this migration is considerably greater than that carried by males (Sexton et al., 1986), the cost of transport to the breeding areas may be substantially higher for females than for males.  Gravid females may have reduced maximal locomotor performance due to the encumbrance of the eggs (Seigel et al., 1987), and voluntary locomotor activity of females migrating to the breeding ponds may be reduced to minimize the energetic cost incurred.  This could, in part, account for observed differences between the sexes in the time of arrival at the breeding pond (reviewed in Downs, 1989), as well as observed differential mortality rates between males and females via increased susceptibility to predation (Husting, 1965).


In the present study we investigated differences in locomotor performance and oxygen consumption in male and female spotted salamanders (Ambystoma maculatum).  We hypothesized that male and post-gravid female salamanders would have greater voluntary and burst speeds, lower rates of oxygen consumption, and greater endurance than would gravid females.  Our data indicate differences in locomotion and metabolism that may have considerable influence on the reproductive biology of ambystomid salamanders.

 MATERIALS AND METHODS

Male, gravid female, and post-gravid female spotted salamanders were collected from Indian Creek County Park, Butler County, Ohio, in late February 1998.  Animals were transported to Miami University, where they were housed in pairs in plastic shoeboxes lined with moistened paper towels and acclimated to a 12h light / 12h dark lighting cycle and a temperature of 15(C for 7-12 days prior to testing.

Voluntary crawling speed measurements were conducted at 15 (C using a 1.0 m ( 13.5 cm ( 6 cm racetrack partitioned into 0.25 m lengths and lined with moist paper towels.  Between 1800h and 2400h EST and under dim lighting conditions, animals were individually placed onto the racetrack, and the experimenter moved out of the visual field of the animal.  A video camera linked to a VCR and monitor was used to observe and record the movements of the animal.  The animal was allowed to voluntarily traverse length of the racetrack, with voluntary speed based on the time required to travel a nonstop 0.25 m distance.

 
Burst speeds at 15 (C were examined using the racetrack described above, which was lined with moist paper towels for crawling speed measurements and filled with 15 (C water for swimming speed measurements.  Under bright lighting conditions, the animal was placed at the end of the track and coaxed to move as quickly as possible with repeated taps to the tail with the experimenter’s finger.  The movements of the salamander were recorded with a video camera and VCR.  Each animal was tested twice for each measurement, with the fastest 0.25 m traversion used to determine speed.

Individual animals were placed into 237 ml chambers.  The chambers were then placed into a 15 (C water bath and equilibrated for 15 min. After equilibration, a 50 ml air sample was withdrawn from each chamber and injected through a drying tube containing a drierite-ascarite mixture into an Ametek SA/3 O2 analyzer.  A second air sample was withdrawn from each chamber and tested for O2 content after a 4 h period had elapsed.  The difference in relative O2 content before and after this 4 h period was used to calculate STPD-corrected O2 consumption (VO2)

Measurements of locomotion and respiration during exercise were conducted at 15 (C using a 1040 ml respirometry chamber containing a motorized 6 cm ( 28 cm treadmill.  Between 1800h and 2400h EST and under dim lighting conditions, animals were individually placed into the chamber and allowed to adjust to their surroundings for 30 minutes.  Then, a 50 ml air sample was withdrawn from the chamber and tested for O2 content as above.  The chamber was sealed, and the treadmill was activated at the mean voluntary speed of gravid females (1.2 cm/s).  Animals were coaxed to walk on the racetrack through gentle taps with an internal prod located at the end of the treadmill.  Testing continued until the salamander’s tail remained in contact with the back of the treadmill for 5 seconds.  Upon completion, the duration of sustained movement was recorded, and a 50 ml sample of air in the chamber was analyzed for O2 content.  The difference in relative O2 content before and after exercise was used to calculate STPD-corrected VO2.  Distance traveled was calculated by multiplying exercise duration * treadmill speed.

Differences in all measurements of locomotion and O2 consumption were analyzed using analyses of covariance (ANCOVA) with group (male, gravid female, or post-gravid female) as a fixed effect and size (total length for burst swimming velocity, mass for all other measures) as a covariate.  ANCOVAs of distance traveled and VO2 during exercise were conducted using log-transformed data, and the ANCOVA of exercise VO2 included distance traveled as a second covariate.

RESULTS (Tables 1 and 2)

Males voluntarily crawled at significantly greater speeds than did either gravid or post gravid females.  There was no significant difference among the three groups in burst crawling speed.  However, gravid females had significantly lower burst swimming speeds than did either males or post-gravid females.

Males had lower rates of oxygen consumption than did either gravid or post-gravid females.  Resting VO2 was significantly correlated with mass in post-gravid females (r = 0.51), but not in males or gravid females (r = 0.17 and 0.22, respectively)

Gravid females traveled shorter distances before stopping than did either males or post-gravid females.  Males had lower rates of oxygen consumption during exercise than did either gravid or post-gravid females.

CONCLUSIONS

· Male spotted salamanders had greater voluntary crawling speeds than did female salamanders.  This increased locomotor activity may enable males to reach breeding pools before the females, thus increasing chances of encountering and successfully mating with as many females as possible. Females, alternatively, may wait until thermal conditions are more favorable for enhancing locomotion to the breeding sites

· Both gravid and post-gravid female spotted salamanders have relatively high metabolic rates.  Thus, their low voluntary crawling speeds may constitute a means of conserving energy both during migration to the pond and during the immediate post-reproductive period.

· The relatively high energetic cost of reproduction in females, coupled with potentially higher susceptibility due to prolonged migration times and decreased maximal locomotor performance in gravid females, may partially account for long term differences in survivorship observed between the sexes. 

TABLE 1.  Swimming and crawling speeds, oxygen consumption (VO2) at rest and during exercise, and nonstop distance traveled during exercise of male, gravid female, and non-gravid female spotted salamanders at 15 (C.

Parameter

Group

LS Mean ( SEM*

Voluntary Crawling Speed
Males
2.27 ( 0.19     (A)

(cm/s)a
Gravid Females
1.20 ± 0.28     (B)


Post-Gravid Females
1.62 ± 0.19     (B)

Burst Crawling Speed
Males
7.36 ( 1.72     (A)

(cm/s)b
Gravid Females
8.28 ( 1.47     (A)


Post-Gravid Females
6.65 ( 1.47     (A)

Burst Swimming Speed
Males
23.3 ( 1.8       (A)

(cm/s)b
Gravid Females
17.6 ( 1.7       (B)


Post-Gravid Females
23.0 ( 1.6       (A)

Resting VO2 (ml/h)c
Males
0.448 ( 0.421 (A)


Gravid Females
0.753 ( 0.306 (B)


Post-Gravid Females
0.767 ( 0.177 (B)

Distance Traveled (m)c
Males
11.22 ( 1.67   (A)


Gravid Females
  2.43 ( 1.47   (B)


Post-Gravid Females
  7.62 ( 1.53   (A)

Exercise VO2 (ml/h)c
Males
2.747 ± 1.102 (A)


Gravid Females
3.819 ± 1.082 (B)


Post-Gravid Females
4.065 ± 1.092 (B)

* – like letters in parentheses indicate no significant difference between groups (P < 0.017, Bonferroni test)

a – Sample sizes males n = 10, gravid females n = 9, post-gravid females n = 8.

b – Sample sizes males n = 8, gravid females n = 8, post-gravid females n = 8.

c – Sample sizes males n = 11, gravid females n = 13, post-gravid females n = 8.

TABLE 2.  ANCOVAs examining differences in velocity, oxygen consumption, and distance traveled in male, gravid female, and nongravid female spotted salamanders.

Parameter

Factor

F

df

P

Voluntary Crawling Speed
Group
  6.22
2, 23
0.005


Mass
  0.80
1, 23
0.38

Burst Crawling Speed
Group
  0.59
2, 20
0.56


Mass
  0.46
1, 20
0.51

Burst Swimming Speed
Group
  3.57
2, 20
0.05


Total Length
  4.59
1, 20
0.04

Resting VO2 
Group
  3.87
2, 26
0.03


Mass
  0.12
1, 26
0.73


Group ( Mass
  4.15
2, 26
0.03

Distance Traveled*
Group
  3.41
2, 28
0.05


Mass*
  5.19
1, 28
0.03

Exercise VO2*
Group
  4.27
2, 27
0.03


Mass*
  0.57
1, 27
0.46


Distance*
10.66
1, 27
0.003

* – values log transformed prior to analysis
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