Overwintering energetics of the red-backed salamander, Plethodon cinereus.
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ABSTRACT

Red-backed salamanders (Plethodon cinereus) are known to actively forage during the winter.  The present study examined the importance of successful foraging to the overall energy budget during overwintering.  We measured oxygen consumption rate (VO2) and whole-body triglyceride and glycogen contents before and after a five-month overwintering period in salamanders that were either unfed or fed 5 fruit flies 3x per week.  VO2 increased markedly over the course of overwintering, with a nearly two-fold increase in fed animals.  Unfed animals had greater mass-specific VO2 than did fed animals.  The triglyceride and glycogen contents of fed animals at the end of overwintering did not differ from those at the beginning of overwintering, whereas both values decreased significantly in unfed animals.  Though preliminary, the data suggest that winter foraging may be an important component of the energy budgets of P. cinereus.  Moreover, the data highlight important changes in metabolic rate during the course of overwintering that should be considered in estimates of overwintering energy budgets.

INTRODUCTION

Plethodontid salamanders inhabiting the North-Eastern United States typically overwinter in subterranean retreats below the frostline (Pinder et al. 1992).  While some have suggested that these animals become inactive during the winter months (e.g. Fitzpatrick 1973a, b), field observations of activity and gut content have indicated that at least some species actively forage during these periods (Ashton 1975, Ashton and Ashton 1978, Caldwell 1975).   This foraging behavior could be an important component in the overall energetic budget of the salamanders during overwintering, but has heretofore not been investigated.


In this preliminary study of the influence of prey availability on overwintering energy budgets of plethodontid salamanders, we examined differences in body mass, oxygen consumption, and whole body triglyceride, glycogen and free glucose contents in red-backed salamanders (Plethodon cinereus) that were either provided with insect prey on a regular basis or were unfed throughout the winter. 

HYPOTHESES

1.  Body Mass

Red-backed salamanders unable to feed during overwintering will demonstrate greater losses in body mass than will those with ample prey available

2.  Oxygen Consumption (two alternatives)

a) Red-backed salamanders unable to feed during overwintering will have reduced oxygen consumption than will fed salamanders due to less foraging activity and digestive activity.  This will promote energy conservation.

b) Red-backed salamanders unable to feed during overwintering will have greater oxygen consumption than will fed salamanders due to prolonged periods of active foraging. 

3.  Stored Energy

Contents of biomolecules used for energy storage (triglycerides, glycogen, and glucose) will be lower in unfed salamanders than in fed salamanders.

MATERIALS AND METHODS

*
Thirty-six salamanders were collected from Rush Run Game Preserve, Preble County, Ohio on 18 September 1999 and transported to Indiana University Kokomo within 24 hours of collection.

*
All animals were placed into large petri dishes containing moistened paper towels.  The petri dishes were placed into an environmental chamber and the animals acclimated to a 12h light / 12h dark lighting cycle with a corresponding 20(C / 15(C temperature cycle for 12 days.  During this acclimation period, all animals were fed five apterous Drosophila melanogaster three times per week.

*   Beginning on 1 October, both day and night temperatures were reduced by 0.5(C each day until reaching a target temperature of 4(C for both day and night temperatures on 1 November.  Lighting was continuously dark after 20 October, when daytime temperatures dropped below 10(C.

*  On 1 November, all animals were weighed to the nearest 0.001 g, and a sample of 12 randomly selected salamanders (Fall-culled) were sacrificed and their carcasses frozen at –50(C for later determination of whole body triglyceride, glycogen and free glucose contents.  Remaining salamanders were divided into two feeding treatments of 12 salamanders each.  Animals in one group (Fed) were offered five apterous Drosophila 3x/week, whereas animals in the other group (Unfed) were not offered prey during the study.

*  Beginning on 15 November and monthly thereafter, animals were weighed, then tested for oxygen consumption (VO2).  VO2 at 4(C was measured over a 20 h period using a ten-chamber Micro-Oxymax system (Columbus Instruments).  Both absolute VO2 (mlO2*hr-1) and mass-specific VO2 (mlO2*g-1*hr-1) were calculated.

*  On 1 March 2000, all animals in both treatments were weighed, then sacrificed. Carcasses from both before and after overwintering were homogenized in 5 ml of distilled water.  A 1 ml sample of the homogenate was then added to 2 ml of 0.6 N perchloric acid for deproteinization.  After neutralization with 1 ml of 1 M KHCO3, the homogenate was analyzed for total triglyceride and free glucose contents using colorimetric techniques (Sigma 337 and 510).  Glycogen content was determined by digesting a sample of the deproteinized and neutralized homogenate with amyloglucosidase and subtracting the free glucose content from the resultant total glucose content calculated.  Total caloric contents were calculated based on published values for caloric yields from aerobic catabolism of free glucose, glycogen and triglycerides (Kleiber, 1961).

*  Mass and oxygen consumption measurements were analyzed using repeated measures analyses of variance with feeding group as a fixed effect and interval (month) as the repeated effect.  The triglyceride, glycogen, free glucose and total caloric contents of fall-culled animals and both Fed and Unfed spring-culled animals were compared using analyses of covariance with group (Fall, Fed and Unfed) as a fixed effect and body mass as the covariate.

RESULTS

Body Mass (Figure 1, Table 1)  

Mean body mass did not differ between Fed and Unfed salamanders at the beginning of overwintering.  However, whereas body mass was maintained at relatively constant levels in Fed animals, Unfed animals decreased in mass during overwintering, and had significantly lower body masses than did the Fed animals by mid-December (P < 0.001, Bonferroni-adjusted t-test).
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Figure 1.  Change in live mass of fed and unfed red-backed salamanders.  Data are presented as least-squares means ± SEM. 
TABLE 1.  Statistical analyses (repeated-measures ANOVAs and ANCOVAs) of the effects of prey availability on mass, oxygen consumption, and energy reserves of Plethodon cinereus.  

Parameter

Source

df

F

P

Mass
Feeding Treatment
  1, 54
    0.26
   0.62



Month
  3, 54
    5.24
   0.003


Treatment × Month
  3, 54
    2.86
   0.045



Individual (Treatment)
18, 54
238.84
< 0.0001


Oxygen Consumption
Feeding Treatment
  1, 54
    0.55
   0.47



Month
  3, 54
    8.80
< 0.0001


Individual (Treatment)
18, 54
    7.59
< 0.0001

Mass Specific Oxygen Consumption
Feeding Treatment
  1, 54
    4.41
   0.050



Month
  3, 54
  14.81
< 0.0001


Individual (Treatment)
18, 54
    3.36
   0.0003

Total Triglycerides
Feeding Treatment
  2, 25
    3.61
   0.042


Carcass Mass
  1, 25
  13.59
   0.0011

Total Glycogen
Feeding Treatment
  2, 25
    4.88
   0.016


Carcass Mass
  1, 25
    9.45
   0.0051

Free Glucose
Feeding Treatment
  2, 25
    0.56
   0.58


Carcass Mass
  1, 25
    4.88
   0.037

Total Stored Energy
Feeding Treatment
  2, 25
    3.96
   0.032


Carcass Mass
  1, 25
  14.33
   0.0009

Oxygen Consumption (Figure 2, Table 1)

Rates of both absolute and mass-specific oxygen consumption increased markedly during overwintering in both Fed and Unfed salamanders.  Whereas there was no significant difference in absolute oxygen consumption, mass specific oxygen consumption rates were significantly higher in unfed salamanders than in fed salamanders.

Energy Reserves (Tables 1 and 2)

A.  Triglycerides - There was no significant difference in whole-body triglyceride contents at the end of overwintering between fed and unfed animals.  However, whereas there was no significant difference in triglyceride contents between Fed animals at the end of overwintering vs. animals culled at the start of overwintering (Fall-Culled), Unfed animals had significantly lower triglyceride contents at the end of overwintering vs. Fall-Culled animals. 

B.  Glycogen and Glucose - There was no difference in whole-body glycogen levels between Fed salamanders at the end of overwintering and Fall-Culled animals.  Unfed animals, however, had significantly lower glycogen contents than did either 
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Figure 2.  A) absolute and B) mass-specific oxygen consumption of red-backed salamanders during overwintering.  Data are presented as as least-squares means ± SEM. 

Fed or Fall-Culled individuals.  There was no detectable difference in whole-body free glucose among the three groups.

C.  Total Stored Energy -As triglycerides made up the majority of the stored energy in the salamanders, differences among groups in total calories of stored energy were similar to those observed in triglyceride content.  Differences between Fed and Unfed salamanders in total caloric content at the end of winter were not significant.  

TABLE 2.  Energy reserves of Plethodon cinereus at the start of overwintering and after overwintering with either food available or unavailable.  

Parameter

Treatment

Adjusted Mean ± SEM
Pairwise Comparisonsb
Total Triglycerides (mg)
Fall-Culled
  10.146 ± 2.148
 A


Fed
  
    5.447 ± 2.363
AB


Unfed
  
    2.341 ± 2.840
 B

Total Glycogen (mg)
Fall-Culled
    2.432 ± 0.327
 A


Fed
  
    2.421 ± 0.360
 A


Unfed
  
    0.870 ± 0.433
 B

Free Glucose (mg)
Fall-Culled
    0.087 ± 0.021
 A


Fed
  
    0.107 ± 0.023
 A


Unfed
  
    0.069 ± 0.028
 A

Total Stored Energy (cal)
Fall-Culled
109.00 ± 21.46
 A


Fed
  
  63.46 ± 23.60
AB


Unfed
  
  26.65 ± 28.38
 B

a – sample sizes:  Fall-Culled n = 12; Fed n = 10; Unfed n = 7

b – like letters indicate no significant difference between groups (Bonferroni adjusted t-tests)

However, Unfed animals had significantly lower caloric contents than did Fall-Culled animals, whereas there was no significant difference in stored calories between Fall-Culled and Fed salamanders.
CONCLUSIONS

· Animals that are able to feed during overwintering maintain body mass and have less decrease in energy stores during overwintering than do animals unable to feed.

· Animals that are able to feed during overwintering have lower oxygen consumption than do their unfed counterparts, possibly due to overall decreased foraging activity.

· Increased nutrient intake, coupled with relatively lower oxygen consumption, indicate that the ability to successfully forage during overwintering may be an important contributor to overwintering energy budgets in northern plethodontid salamanders. 

· Oxygen consumption rates (and overall metabolic rates) increase over the course of overwintering.  Estimates of overwintering energy budgets and survival times that are based on single-period measurements of oxygen consumption may be influenced strongly by the interval at which the measurements are made.
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