APPENDIX

Data underlying analyses presented  in Table 1 and Figures 1-5 of the paper

“Size- and temperature-independence of minimum life-supporting metabolic rates”

by Makarieva A.M., Gorshkov V.G., Li B.-L., Chown S.L.

Group I. Hibernating endotherms

These data are taken from Table 1 of Geiser (2004); for each species-hibernator, minimum value of mass-specific metabolic rate is taken except for Tenrec ecaudatus, where the value corresponding to the largest body mass is taken; original units [ml O2 g(1 h(1] are converted to [W kg(1] assuming 20 J (ml O2)(1, i.e. 1 ml O2 g(1 h(1 = 5.6 W kg(1; M (g) is body mass, T ((C) is torpid body temperature; q (W kg(1) is torpid mass-specific metabolic rate; all species except for Phalaenoptilus nuttallii are mammals, P. nuttalii is a bird.
Species
T ((C)
M (g)
q (W kg(1)

1. Acrobates pygmaeus
2
14
0.23

2. Barbastella barbastellus
4.5
7
0.22

3. Burramys parvus
2.2
50
0.18

4. Cercartetus concinnus
6.6
18.6
0.19

5. Cercartetus lepidus
6.8
12.6
0.26

6. Cercartetus nanus
5.9
36
0.11

7. Cheirogaleus medius
18.3
250
0.67

8. Cricetus cricetus
7.5
330
0.18

9. Elephantulus myurus
10
63
0.44

10. Elephantulus rozeti
9
45
0.14

11. Eliomys quercinus
7.5
70
0.19

12. Eptesicus fuscus
10
10.4
0.56

13. Erinaceus europaeus
16
700
0.061

14. Glis glis
5
140
0.094

15. Marmota flaviventris
7.5
2500
0.12

16. Marmota marmota
8
3100
0.078

17. Marmota monax
7
4000
0.18

18. Mesocricetus auratus
5
90
0.39

19. Muscardinus avellanarius
11
23.5
0.22

20. Myotis lucifugus
11
6
0.27

21. Myotis myotis
4.5
25
0.22

22. Nyctalus noctula
5.3
23.8
0.17

23. Nyctophilus geoffroyi
6.3
7
0.21

24. Nyctophilus gouldi
10.1
10
0.29

25. Phalaenoptilus nuttallii
10
35
0.28

26. Pipistrellus pipistrellus
6
7.4
0.13

27. Setifer setosus
16.5
270
0.39

28. Spermophilus citellus
8
240
0.10

29. Spermophilus lateralis
5.4
200
0.25

30. Spermophilus mexicanus
8
200
0.33

31. Spermophilus mohavensis
21.3
260
0.83

32. Spermophilus parryii
4.7
1000
0.067

33. Spermophilus richardsonii
5
400
0.11

34. Spermophilus saturatus
3.6
257
0.17

35. Spermophilus tereticaudus
11
125
0.27

36. Tachyglossus aculeatus
4
2800
0.11

37. Tadarida brasiliensis
10
16.9
0.56

38. Tamias amoenus
1.2
60
0.23

39. Tamias striatus
7
87
0.33

40. Tenrec ecaudatus
16.5
1220
0.14

41. Ursus americanus
30
80000
0.23

42. Zapus hudsonicus
11
25
0.22

43. Zapus princeps
5.5
27.7
0.15

Group II. Arthropod sit-and-wait strategists

This group includes arthropod species adapted to sporadic food intake and capable of surviving for months without food at relatively high ambient temperatures; M (g) is body mass, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit body mass).

Species
T ((C)
M (g)
q (W kg(1)
Taxon
Comment

1. Amblyomma americanum
25
0.0032
0.44
tick
[II-3]

2. Amblyomma cajenense
25
0.0075
0.26
tick
[II-3]

3. Amblyomma herbaeum
25
0.0313
0.10
tick
[II-3]

4. Amblyomma maculatum
25
0.0045
0.35
tick
[II-3]

5. Amblyomma marmoreum
25
0.0702
0.14
tick
[II-3]

6. Dermacentor andersoni
25
0.0107
0.33
tick
[II-3]

7. Dermacentor variabilis
25
0.0056
0.29
tick
[II-3]

8. Hadrurus arizonensis
25
9
0.18
scorpion
[II-4]

9. Holthusiana transversa
25
9.65
0.17
crab
[II-5]

10. Ixodes uriae
5
0.0074
0.22
tick
[II-2]

11. Niphargus rhenorhodanensis
11
0.013
0.44
amphipod
[II-1]

12. Niphargus virei
11
0.093
0.17
amphipod
[II-1]

13. Opisthophalmus flavescens
25
5.3
0.25
scorpion
[II-4]

14. Ornithodoros moubata
25
0.0132
0.20
tick
[II-3]

15. Pandinus imperator
25
15.0
0.14
scorpion
[II-4]

16. Parabuthus villosus
25
6.0
0.28
scorpion
[II-4]

17. Parurorctonus becki
25
0.66
0.35
scorpion
[II-4]

18. Parurorctonus luteolus
25
0.16
0.31
scorpion
[II-4]

19. Parurorctonus marksi
25
0.57
0.23
scorpion
[II-4]

20. Parurorctonus mesaensis
25
2
0.25
scorpion
[II-4]

21. Stenasellus virei
11
0.012
0.31
isopod
[II-1]

22. Urodactus armatus
25
0.50
0.24
scorpion
[II-4]

Comments to Group II data (numbered according to the alphabetic order of the data sources)

[II-1] Hervant et al. (1997); hypogean amphipods (N. v., N. r.) and isopod (S. v.) from France; mean values for 6-8 individuals of each species starved for 120 days from Fig. 4 of Hervant et al. (1997); original units [(l O2 (g fresh mass)(1 h(1] are converted to [W kg(1] assuming 20 J (ml O2)(1.

[II-2] Lee & Baust (1982); Antarctic male tick; males do not feed as adults in this species; 6-8 individuals; 5 (C was chosen as the temperature characteristic of the warm season, when the ticks “sit and wait” for their prey; original value of 40 nl O2 mg(1 h(1, Fig. 3 of Lee and Baust (1982), was converted to 0.22 W kg(1.

 [II-3] Lighton & Fielden (1995); standard mass-specific metabolic rate of non-engorged, non-diapausing ticks from a variety of localities in the United States; mean values for 4-13 individuals of each species; original data measured as the rate of CO2 emission [(l CO2 ind(1 h(1] were converted to (W ind(1 by Lighton and Fielden (1995) using experimentally determined respiratory quotents.

[II-3] Lighton et al. (2001); scorpions from the United States (Hadrurus and Paruroctonus spp.), African desert (O. f. and P. v.) and tropical forests (P. i.), Western Australia (U. a.); standard metabolic rates of animals motionless for 60 min; in H. a., P. l. and P. mesaensis q values are means for adults (largest individuals).

[II-5] MacMillen & Greenaway (1978); aestivating Australian arid-zone crab; mean rate of oxygen consumption after 24 days in artificial burrows 0.031 cm3 O2 g(1 h(1 = 0.17 W kg(1.

Group III. Coldwater arthropods

This group includes aquatic arthropods from polar and subpolar regions; M (g) is fresh body mass, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit fresh body mass).

Species
T ((C)
M (g)
q (W kg(1)
Taxon
Comment

1. Calanoides acutus
0
0.0033
0.16
copepod
[III-5]

2. Calanus finmarchicus
0
0.0012
0.089
copepod
[III-4]

3. Calanus hyperboreus
0
0.011
0.27
copepod
[III-1]

4. Calanus propinquus
0
0.0047
0.29
copepod
[III-5]

5. Gaetanus tenuispinus
0
0.0036
0.056
copepod
[III-5]

6. Glyptonotus antarcticus
0
33
0.057
isopod
[III-7]

7. Heterohabdus farrani
0
0.0032
0.39
copepod
[III-5]

8. Metridia gerlachei
0
0.0014
0.41
copepod
[III-5]

9. Neocalanus cristatus
2
0.023
0.14
copepod
[III-3]

10. Paraeuchaeta antarctica
0
0.020
0.13
copepod
[III-5]

11. Rhincalanus gigas
0
0.012
0.10
copepod
[III-5]

12. Sabinea septemcarinata
0
4.1
0.19
decapod
[III-8]

13. Sclerocrangon ferox
0
13
0.067
decapod
[III-8]

14. Themisto libellula
3
0.05
0.14
amphipod
[III-6]

15. Waldeckia obesa
0
0.54
0.052
amphipod
[III-2]

Comments to Group III data (numbered according to the alphabetic order of the data sources)

[III-1] Auel et al. (2003); Arctic copepod, stage CV overwintering above the seafloor at 2,300 m depth; original measurements of dry mass (2.16 mg ind(1) and oxygen consumption rate 0.24 ml O2 (g dry mass)(1 h(1 were converted to fresh body mass and mass-specific metabolic rate q assuming 80% water content (dry mass: fresh mass ratio of 0.2) and 20 J (ml O2)(1.

[III-2] Chapelle et al. (1994); scavenging Antarctic amphipod starved for 64 days; original reported rate of oxygen consumption is 227 (ng-at oxygen) h(1 ind(1, rate of ammonia excretion 41 (ng-at nitrogen) h(1 ind(1 and atomic O:N ratio 16.9, Table 1 of Chapelle et al. (1994). Taken together, these figures mean that oxygen was consumed at a rate of 227 nmol O2 h(1 ind(1. For a standard animal of dry mass 108 mg this gives 0.44 W (kg dry mass)(1, or 0.052 W (kg fresh mass)(1 assuming 80% water content.

[III-3] Ikeda et al. (2004); overwintering copepodite stage CV, motionless, non-feeding; depth 1000-2000 m, subArctic Pacific Ocean; original metabolic rate of 0.026 (l O2 (mg fresh mass)(1 h(1 was converted to 0.14 W kg(1 assuming 20 J (ml O2)(1; dry mass: fresh mass ratio of 0.34.

[III-4] Ingvarsd(ttir et al. (1999); overwintering copepodite stage CV; North Atlantic Ocean; body mass calculations: 125 (g C  ind(1 (average of the carbon content of individuals sampled in October before overwintering) corresponds to 0.24 mg dry mass ind(1 according to the equation given in Table 1 of Ingvarsd(ttir et al. (1999), this gives 1.2 mg fresh mass assuming 80% water content; minimum mass-specific metabolic rate of overwintering copepodites, 0.08 (l O2 (mg dry mass)(1 h(1 (range 0.08-0.35), p. 78 in Ingvarsd(ttir et al. (1999), gives 0.089 W kg(1 assuming 80% water content and 20 J (ml O2)(1.

[III-5] Kawall et al. (2001); post-overwintering Antarctic copepods; metabolic rates are mean values (averaged across individuals of a given species) of minimum oxygen consumption rates recorded in 30-minutes’ intervals in several individuals that were monitored for 10-20 hours each; original units (l O2 (mg fresh mass)(1 h(1 were converted to W kg(1 assuming 20 J (ml O2)(1.

[III-6] Percy (1993); Arctic amphipod starved for one month; calorimetric metabolic rates are for the period 14-29 days, 0.06 J (mg dry mass)(1 day(1, Table 2 of Percy (1993); dry mass: fresh mass ratio ( 0.2, Table 1 of Percy (1993); hence, 0.06 J (mg dry mass)(1 day(1 gives 0.14 W (kg fresh mass)(1; standard length of animals 16 mm corresponds to approx. 0.05 g fresh mass from equation given in Table 1 of Percy (1993).

[III-7] Robertson et al. (2001); Antarctic isopod fasted for 5 weeks; original reported value of 15.2 (mol O2 h(1 ind(1 for a standard 33 g individual was converted to 0.057 W kg(1 assuming 20 J (ml O2)(1.

[III-8] Schmid (1996); only species with ( 5 studied individuals were taken from this study; Arctic decapods; Sabinea septemcarinata: based on the data on eight individuals from Table 3.12 of Schmid (1996), equation relating mass-specific rate of oxygen consumption to fresh mass was established and solved at 8 g (largest individual) assuming 20 J (ml O2)(1, to yield 0.11 W kg(1. This equation, log q (W kg(1) = (0.20 ( 0.86 log M (g), was, however, statistically insignificant (p = 0.16, r2 = 0.24). Geometric mean of the mass-specific metabolic rates of the studied individuals was 0.19 W kg(1 at a (geometric) mean body mass of 4.1 g; Sclerocrangon ferox: mass-specific metabolic rate of 15 individuals, Table 3.13 of Schmid (1996), does not show a statistically significant dependence on body mass. Geometric mean of the mass-specific metabolic rates of the studied individuals was 0.067 W kg(1 at a (geometric) mean body mass of 13 g.

Group IV. Coldwater ectothermic vertebrates

This group includes coldwater fish and several ectothermic vertebrates hibernating in aquatic media at low temperatures; M (g) is body mass, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit body mass).

Species
T ((C)
M (g)
q (W kg(1)
Taxon
Comment

1. Artediellus atlanticus
0
51.4
0.054
fish
[IV-2] s

2. Artediellus uncinatus
0
3.7
0.068
fish
[IV-2] s

3. Bathylagus antarcticus
0.5
53
0.039
fish
[IV-2] min

4. Boreogadus saida
-1.5
122.1
0.15
fish
[IV-2] r

5. Caulophrynid sp.
5
28
0.019
fish
[IV-4]

6. Chaenocephalus aceratus
1
2160
0.095
fish
[IV-2] r

7. Chelydra serpentina
10
3500
0.018
turtle
[IV-5]

8. Electrona antarctica
0.5
13.8
0.12
fish
[IV-2] min

9. Gymnelis viridis
-1.5
147
0.056
fish
[IV-2] r

10. Gymnocanthus tricuspis
-1.5
577
0.094
fish
[IV-2] r

11. Gymnoscopelus braueri
0.5
21.3
0.089
fish
[IV-2] min

12. Gymnoscopelus oplsthopterus
0.5
40
0.072
fish
[IV-2] min

13. Icelus bicornis
-1.5
577
0.094
fish
[IV-2] r

14. Icelus spatula
-1.5
577
0.094
fish
[IV-2] r

15. Liparis keofoedi
-1.5
2.0
0.10
fish
[IV-2] r

16. Liparius atlanticus
-1.5
2.0
0.10
fish
[IV-2] r

17. Lycodes eudipleurostictus
0
226.1
0.039
fish
[IV-2] s

18. Lycodes mucosus
-1.5
147.0
0.056
fish
[IV-2] r

19. Lycodes pallidus
0
65.2
0.033
fish
[IV-2] s

20. Lycodes reticulatus
0
377.3
0.10
fish
[IV-2] s

21. Lycodes seminudus
0
228.7
0.046
fish
[IV-2] s

22. Lycodes turneri
-1.5
147.0
0.056
fish
[IV-2] r

23. Melanocetus johnsoni
5
100
0.032
fish
[IV-4]

24. Myxocephalus scorpius
-1.5
577
0.16
fish
[IV-2] r

25. Notothenia neglecta
0
1850
0.053
fish
[IV-2] r

26. Notothenia rossii
0.6
900
0.15
fish
[IV-2] s

27. Oneirodes sp.
5
53
0.027
fish
[IV-4]

28. Pagothenia borchgrevinki
0
130
0.19
fish
[IV-2] r

29. Pogonophryne scotti
-1
210
0.076
fish
[IV-2] r

30. Proteus anguinus
12.8
17.5
0.025
salamander
[IV-6]

31. Rana temporaria
3
25
0.028
frog
[IV-1]

32. Thamnopsis sirtalis
2
63.3
0.020
snake
[IV-3]

Comments to Group IV data (numbered according to the alphabetic order of the data sources)

[IV-1] Boutilier et al. (1997); frog submerged for 90 days in normoxic water at 3 (C; original value of 5.7 (mol O2  ind(1 h(1 taken from Table 1 of Boutilier et al. (1997) and converted to W kg(1 assuming 20 J (ml O2)(1.

[IV-2] Clarke & Johnston (1999); 25 species with metabolic rate measured at ambient temperatures T ( 1 (C were taken from the dataset of fish metabolic rates collected by Clarke and Johnston (1999); for each species, Clarke and Johnston (1999) report an equation relating metabolic rate to body mass and range of studied body masses; for each species, we solved this equation for the largest body mass (shown in the corresponding column) to obtain minimum mass-specific metabolic rate; original units mmol O2 ind(1 h(1 were converted to W kg(1 assuming 20 J (ml O2)(1; r — resting metabolic rate, s — standard metabolic rate, min — mean values (averaged across individuals of a given species) of minimum oxygen consumption rates recorded in 30-minutes’ intervals in several individuals that were monitored for 4-8 hours each by Torres and Somero (1988), these minimum values were taken instead of routine metabolic rates analyzed for these species by Clarke and Johnston (1999).

[IV-3] Costanzo (1985); garter snake from Wisconsin, USA, kept in laboratory hibernaculum submerged in water for 165 days; metabolic rate estimated from the observed changes in tissue composition (depletion of glycogen and proteins).

[IV-4] Cowless & Childress (1995); deepwater sit-and-wait predators; depth 900 m, Hawaii; in M. johnstoni mass-specific metabolic rate of the largest individual was taken; original units (mol O2 g(1 h(1, 1 (mol O2 g(1 h(1 = 0.124 W kg(1 assuming 20 J (ml O2)(1.

[IV-5] Gatten (1978); turtle kept in the laboratory in an aquatic environment resembling natural conditions of hibernation; note that metabolic rate is calculated per total body mass.

[IV-6] Hervant et al. (2001); blind cape-dwelling salamander, France, starved for 240 days; original value of 0.2 (mol O2 g(1 h(1  on the 240th day of starvation was taken from Fig. 1B of Hervant et al. (2001).

Group V. Aestivating ectothermic vertebrates

This group includes aestivating ectothermic vertebrates that depress their metabolism to survive unfavorable (dryness) seasons at relatively high ambient temperatures. The bulk of data in this group are listed in Table 6 of Guppy and Withers (1999), from which we excluded Crocodylus porosus (fasting, not aestivating) and Chelydra serpentina (thermal acclimation, not aestivation). Where available, original sources were consulted and cited under the corresponding comment number. In the remaining cases, the source of data is Table 6 of Guppy and Withers (1999) [GW99]. Additionally, data for the Brazilian lizard Tupinambis merianae hibernating at 17 (C were included; M (g) is body mass, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit body mass).

Species
T ((C)
M (g)
q (W kg(1)
Taxon
Comment

1. Chelodina rugosa
30
2146
0.033
turtle
[V-2]

2. Crocodylus johnstoni
27
6500
0.31
crocodile
[GW99]

3. Cyclorana maini
25
5.1
0.14
frog
[GW99]

4. Cyclorana platycephala
25
21.9
0.048
frog
[GW99]

5. Dipsosaurus dorsalis
15.8
48.4
0.053
lizard
[V-5]

6. Kinosternon flavescens
28
180
0.11
turtle
[V-6]

7. Lepidobatrachus llanensis
25
90
0.067
frog
[V-4]

8. Lepidogalaxias salamandroides
20
0.28
0.20
fish
[GW99]

9. Neobatrachus centralis
25
8.9
0.12
frog
[GW99]

10. Neobatrachus fulvus
25
11.9
0.18
frog
[GW99]

11. Neobatrachus kunapalari
25
21.1
0.088
frog
[GW99]

12. Neobatrachus pelobatoides
25
8
0.10
frog
[GW99]

13. Neobatrachus sutor
25
9.5
0.078
frog
[GW99]

14. Neobatrachus wilsmorei
25
18.7
0.067
frog
[GW99]

15. Protopterus aethiopicus
25
4100
0.028
fish
[V-1]

16. Pseudobranchus striatus
23
3
0.12
salamander
[GW99]

17. Pyxicephalus adspersus
20
1030
0.045
frog
[V-3]

18. Scaphiopus couchii
15
25.5
0.031
toad
[V-7]

19. Scaphiopus hammondii
14.5
12.6
0.076
toad
[V-7]

20. Siren lacertina
23
100
0.061
salamander
[GW99]

21. Synbranchus marmoratus
25
118
0.047
fish
[GW99]

22. Tupinambis merianae
17
91
0.067
lizard
[V-8]

Comments to Group V data (numbered according to the alphabetic order of the data sources)

[V-1] Delaney et al. (1974); African lungfish aestivating in laboratory conditions (in sacks); oxygen consumption after two months was 5.05 ml O2 kg(1 h(1 for a 4.1-kg fish, Fig. 6 of Delaney et al. (1974).

[V-2] Kennett & Christian (1994); Australian turtle inhabiting ephemeral water bodies aestivated in containers of mud at typical soil temperatures measuresd in natural aestivation sites; body mass is mean for five turtles at the end of aestivation, Table 1 of Kennett and Christian (1994); oxygen consumption after 40 days 6 (l O2 g(1 h(1, Fig. 2 of Kennett and Christian (1994).

[V-3] Loveridge & Withers (1981); this African bullfrog forms a multilayered coccoon when subjected to desiccation; metabolic rate of the largest 1030-g cocooned frog was calculated from the equation given in the legend to Fig. 1 of Loveridge and Withers (1981), log q (ml O2 ind(1 min(1) = 0.953 log M (g) ( 3.73, to be 0.138 ml O2 ind(1 min(1 or 0.045 W kg(1.

[V-4] McClanahan et al. (1983); this South American frog forms a multilayered coccoon when subjected to desiccation; metabolic rate after more than a month of cocooned aestivation is around  1.2 cm3 O2 g(1 h(1, Fig. 2 of McClanahan et al. (1983), i.e. 0.067 W kg(1.

[V-5] Moberley (1963); Californian iguanas hibernated in burrows which they made in cages containing sand, hibernation from the end of January to beginning of March; mean natural soil temperature at burrow depth 15.8 (C; metabolic rate of hibernating lizards at 15 (C was around 0.01 cm3 O2 g(1 h(1, Fig. 1 of Moberley (1963), i.e. 0.056 W kg(1, this low value was taken. Note that at 18 (C metabolic rate of hibernators raised more than fivefold.

[V-6] Seidel (1978); this turtle inhabits small temporary water bodies in arid southwestern USA and northern Mexico; turtle aestivated in dry soil for three months; metabolic rate during aestivation was 0.019 ml O2 g(1 h(1, or 0.11 W kg(1.

[V-7] Seymour (1973); these toads inhabit North American deserts, they feed for two-three months after breeding and then begin a dormancy period under the ground, which can last nine-ten months; in the laboratory, metabolic rates were measured during 70 days; temperatures around 15 (C correspond to natural soil temperatures encountered by aestivating toads; for dormant S. couchii metabolic rate at 15 (C was taken from Fig. 1 of Seymour (1973) at the 70th day of dormancy; data for dormant S. hammondii are given on p. 443 of Seymour (1973).

[V-8] de Souza et al. (2004); young (first-year) Brazilian lizards hibernated in laboratory conditions for several winter months at naturally encountered temperature of 17 (C; metabolic rate and body mass taken from Table 1 of de Souza et al. (2004).

Group VI. Coldwater non-arthropod  invertebrates

This group includes species thriving at temperatures near the freezing point of water, often adapted to prolonged food deprivation; M (g) is "standard" body mass, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit "standard" body mass). "Standard" body mass is calculated from the available estimates of tissue dry tissue mass (TDM) (i.e. excluding shell in molluscs) or ash-free dry mass (AFDM) of the studied individuals assuming 80% water content (i.e. M = 5 ( TDM or M = 5 ( AFDM); similarly, q = qTDM/5 or q = qAFDM/5, where qTDM and qAFDM are mass-specific metabolic rate per unit tissue dry mass or unit ash-free dry mass, respectively. TDM or AFDM in the "Comment" column indicate that "standard" body mass M was calculated from tissue dry mass or ash-free dry mass, respectively. In A. arenicola the original data were reported on the fresh body mass (FM) basis.

Species
T ((C)
M (g)
q (W kg(1)
Taxon
Comment

1. Adamussium colbecki
0
6.5
0.17
Bivalve
[VI-3] AFDM

2. Arenicola marina
-1.7
1
0.19
Polychaete
[VI-12] FM

3. Astarte montagui
0.0
3
0.0093
Bivalve
[VI-11] AFDM

4. Chlamys islandica
0.0
19
0.010
Bivalve
[VI-11] AFDM

5. Cinachyra antarctica
0
6
0.10
Sponge
[VI-3] AFDM

6. Ctenodiscus crispatus
0.0
7
0.023
Starfish
[VI-11] AFDM

7. Cyclocardia astartoides
0.0
0.05
0.051
Bivalve
[VI-4] TDM

8. Isodictya kerguelensis
1.0
20
0.025
Sponge
[VI-6] AFDM

9. Laternulla elliptica
0
10
0.24
Bivalve
[VI-9] AFDM

10. Limopsis marionensis
0
0.2
0.16
Bivalve
[VI-10] AFDM

11. Liothyrella uva
0.5
2.8
0.017
Brachiopod
[VI-8] AFDM

12. Margarella antarctica
-1.7
0.75
0.060
Gastropod
[VI-5] TDM

13. Mycale acerata
1.8
5
0.098
Sponge
[VI-6] AFDM

14. Nacella concinna
-1.5
2.4
0.046
Gastropod
[VI-7] TDM

15. Ophiacantha bidentata
0.0
0.3
0.094
Brittle star
[VI-11] AFDM

16. Ophiocten cericeum
0.0
0.2
0.14
Brittle star
[VI-11] AFDM

17. Ophiopleura borealis
0.0
7.5
0.16
Brittle star
[VI-11] AFDM

18. Ophioscolex glacialis
0.0
4
0.073
Brittle star
[VI-11] AFDM

19. Pellilitorina setosa
-1.7
1.8
0.16
Gastropod
[VI-5] TDM

20. Sterechinus neumayeri
0.0
1.5
0.033
Sea urchin
[VI-1] AFDM

21. Stylocordyla borealis
0
6.3
0.049
Sponge
[VI-3] AFDM

22. Tetilla cranium
-0.5
0.075
0.47
Sponge
[VI-14] AFDM

23. Thenea abyssorum
-0.5
0.075
0.55
Sponge
[VI-14] AFDM

24. Thenea muricata
-0.5
0.075
0.49
Sponge
[VI-14] AFDM

25. Trophon longstaffi
0
2.75
0.026
Gastropod
[VI-4] TDM

26. Trophon sp. A
-1.7
4
0.082
Gastropod
[VI-5] TDM

27. Yoldia eightsi
0.2
2.5
0.12
Bivalve
[VI-2] TDM

28. Yoldia hyperborea
-1.0
1.3
0.077
Bivalve
[VI-13] TDM

Comments to Group VI data (numbered according to the alphabetic order of the data sources)

[VI-1] Brockington & Peck (2001); seasonal changes of respiration were studied in the Antarctic echinoid monitored for two years at two sites, North Cove and South Cove; values for the first year were taken; 0.46 (mol O2 ind(1 h(1 at approx. 0.35 g AFDM ind(1 at North Cove and 0.33 (mol O2 ind(1 h(1 at approx. 0.25 g AFDM ind(1 at South Cove, abstract and Fig. 3 of Brockington and Peck (2001); in both cases these rates correspond to 0.33 W kg(1 assuming 20 J (ml O2)(1; mean body mass, 0.3 g AFDM ind(1, standardised to 1.5 g, was taken.

[VI-2] Davenport (1988); the largest individuals studied in this Antarctic bivalve mollusc measure about 0.5 g dry tissue mass ind(1 and respire at a rate of 0.055 ml O2 ind(1 h(1, Fig. 1 of Davenport (1988); experiments performed in December and January when the sea-water contained considerable quantities of phytoplankton.

[VI-3] Gatti et al. (2002); Antarctic bivalve and sponges, respiration in unfiltered sea-water, Weddell Sea; maximum body masses of studied individuals are 1.3 g AFDM for A. colbecki, 1.2 g AFDM for C. antarctica and 1.25 g AFDM for S. borealis, Fig. 7A of Gatti et al. (2002); minimum (among the studied individuals) metabolic rates were 0.149 cm3 O2 (g AFDM)(1 h(1 for A. colbecki, 0.091 cm3 O2 (g AFDM)(1 h(1 for C. antarctica and 0.044 cm3 O2 (g AFDM)(1 h(1 for S. borealis, Table 4 of Gatti et al. (2002).

[VI-4] Harper & Peck (2003); Trophon longstaffi: feeding behavior of this Antarctic muricid gastropod was observed for 3 years in the aquarium; feeding was extremely infrequent, once in 4.5-18 months in most cases, while two individuals out six studied ate nothing in more than 30 months; there is some inconsistency in the reported metabolic rates, e.g. in the abstract it is stated that metabolic rates ranged from 46.2 (g O2 ind(1 h(1 for a 1.7 g TDM individual to 18.1 (g O2 ind(1 h(1 for a 0.98 g TDM individual. However, in Fig. 3 of Harper and Peck (2003), where body masses of all the six individuals are shown, the mass range is from approx. 0.2 to 1.0 g TDM, while the range of whole body metabolic rate is from approx. 3 to 33 (g O2 ind(1 h(1. We took mean values of body mass (0.55 g TDM) and mass-specific metabolic rate (33.6 (g O2 (g TDM)(1 h(1) from the following statement of the authors: "mean animal size was … 0.55 g dry tissue weight  … On a mass-specific basis, … the mean value for the group was 33.6 (g O2 g dry tissue weight(1 h(1", p. 211 of Harper & Peck (2003), as far as these values agree with the experimental data shown in Fig. 3 of Harper & Peck (2003); Cyclocardia astartoides:  data taken from Table 2 of Harper & Peck (2003), cited from Peck & Conway (2000).

[VI-5] Houlihan & Allan (1982); Antarctic gastropods studied for 24-72 hours; maximum dry tissue mass of studied individuals were approx. 800 mg TDM for Trophon sp., approx. 350 mg TDM for P. setosa and approx. 150 mg TDM for M. antarctica, Fig. 2 of Houlihan & Allan (1982); equations relating whole body metabolic rate to body mass established for each species, Table 1 of Houlihan & Allan (1982), were solved for these maximum body masses (for Trophon sp. equation "72 hr settled, inactive" was taken), to yield 84.5 (g O2 ind(1 h(1 in Trophon sp., 71.4 (g O2 ind(1 h(1 in P. setosa and 11.6 (g O2 ind(1 h(1 in M. antarctica.

[VI-6] Kowalke (2000); Antarctic sponges collected in December-February at King George Island; maximum body mass of studied individuals is approx. 1 g AFDM for M. acerata and approx. 4 g AFDM for I. kerguelensis, Fig. 4 of Kowalke (2000). Metabolic rates calculated from equations given in the legend to Fig. 4 of Kowalke (2000), 0.088 ml O2 ind(1 h(1 for M. acerata and 0.089 ml O2 ind(1 h(1 for I. kerguelensis.

[VI-7] Peck (1989); Antarctic gastropod starved for over 10 days at (1.5 (C; 20 (l O2 ind(1 h(1 for a 486 mg TDM individual, Fig. 5 of Peck (1989).

[VI-8] Peck et al. (1997); Antarctic brachiopods were starved for 35 days; maximum body mass of studied individuals was approx. 0.55 g AFDM, Fig. 5 of Peck et al. (1997); metabolic rate of 12 (g O2 ind(1 h(1 for 0.55 g AFDM individuals was calculated from the equation on p. 855 of Peck et al. (1997).

[VI-9] Peck et al. (2002); starved Antarctic bivalves, starvation for 50 days did not result in any mortality; "the routine metabolic rate of L. elliptica, 19.6 (mol O2 h(1 for a 2-g tissue AFDM individual (6.42- tissue dry mass, 58.4-g tissue wet mass), is within the range but low compared to other Antarctic bivalves and gastropods …", p. 127 in Peck et al. (2002); whole animal mass (including shell) is around 110 g.

[VI-10] Pörtner et al. (1999); Antarctic bivalves starved for 5 weeks; minimum metabolic was observed at 0 (C at approx. 0.5 (mol O2 ind(1 h(1, Fig. 1 of Pörtner et al. (1999); "the mean mass ((SE) of all animals in the group studied was measured at the end of the experiment, and was 3.76(1.91 g wet weight including shell; mean length = 23.5(4.54 mm; 0.54(0.23 g tissue wet weight and 0.055(0.027 g tissue dry mass and 40.2(21.7 mg ash-free dry mass (AFDM)", p. 20 of Pörtner et al. (1999).

[VI-11] Schmid (1996); only species with ( 5 studied individuals were taken from this study; Arctic species; C. islandica, maximum AFDM 3.8 g ind(1 (Table 3.7), metabolic rate 0.13 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.5); A. montagui, maximum AFDM 0.61 g ind(1 (Table 3.8), metabolic rate 0.012 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.6); C. crispatus, maximum AFDM 1.46 g ind(1 (Table 3.14), metabolic rate 0.30 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.14); O. bidentata, maximum AFDM 0.065 g ind(1 (Table 3.15), metabolic rate 0.12 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.15); O. cericeum, maximum AFDM 0.043 g ind(1 (Table 3.16), metabolic rate 0.17 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.16); O. borealis, maximum AFDM 1.5 g ind(1 (Table 3.17), metabolic rate 0.2 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.17); O. glacialis, maximum AFDM 0.79 g ind(1 (Table 3.18), metabolic rate 0.094 mg O2 (g AFDM)(1 h(1 (equation in Fig. 3.18).

[VI-12] Sommer & Pörtner (2002); White Sea lugworm; 1.51 (mol O2 (g fresh mass)(1 h(1 at (1.7 (C; 3-h measurements of animals acclimatized to (1.7 (C during 12 hours.

[VI-13] Stead & Thompson (2003); Conception Bay, Newfoundland, Canada; maximum TDM of 0.308 g ind(1, p. 73, corresponds to a metabolic rate 0.021 (l O2 ind(1 h(1, Fig. 2.

[VI-14] Witte & Graf (1996); Norwegian and Greenland Sea; in situ temperature; oxygen consumption rates taken from Table 4 of Witte & Graf (1996).

Group VII. Aestivating non-arthropod  invertebrates

This group includes aestivating snails and one earthworm Glossoscolex paulistus; M (g) is tissue mass in snails and body mass in the earthworm, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit tissue mass in snails).

Species
T ((C)
M (g)
q (W kg(1)
Taxon
Comment

1. Bulinus dealbatus
22
0.8
0.14
Snail
[VII-7]

2. Bulinus nasutus
24
0.1
0.0063
Snail
[VII-4]

3. Glossoscolex paulistus
20
9.2
0.12
Earthworm
[VII-1]

4. Helix aspersa
21
3.3
0.12
Snail
[VII-6]

5. Oreohelix spp.
23
0.15
0.16
Snail
[VII-7]

6. Otala lactea
20
6.6
0.080
Snail
[VII-5]

7. Pila ovata
22
4
0.086
Snail
[VII-3]

8. Pomacea urceus
30
58.6
0.12
Snail
[VII-2]

9. Rabdotus schiedeanus
25
0.6
0.038
Snail
[VII-8]

10. Rhagada tescorum
25
1.3
0.056
Snail
[VII-10]

11. Sphincterochila boissieri
25
1.8
0.020
Snail
[VII-9]

Comments to Group VII data (numbered according to the alphabetic order of the data sources)

[VII-1] Abe & Buck (1985); Brazilian earthworm aestivated in pots for over four months; natural ambient temperature during aestivation 16.5-22 (C, so the value of metabolic rate measured at 20 (C was taken as most closely matching natural conditions, Table 1 of Abe & Buck (1985).

[VII-2] Burky et al. (1972); Venezuelan savannah; 100% snails survived 137 days of aestivation, 83 out of 126 survived 526 days; total mass (with shell) 170 g, tissue fresh mass 58.6 g, tissue dry mass 12.7 g; 20.82 (l O2 g(1 h(1, Table II of Burky et al. (1972).

[VII-3] Coles (1968); the snail inhabits temporary water bodies in Uganda; steady state oxygen consumption after a mean of 4.8 months of aestivation was 0.26 ml O2 (g total mass)(1 day(1; shell is 30% of total mass; mean tissue mass was determined by averaging masses of snails in Figs. 1-4 of Coles (1968).

[VII-4] Coles (1969); Tanzanian snail inhabiting temporary water bodies; oxygen consumption rate in aestivating snails was 28 (l O2 (g tissue mass)(1 day(1 and 16 (l O2 (g total mass)(1 day(1; i.e. tissues make up 57% of total body mass; there was no dependence of mass-specific metabolic rate on body mass; mean mass of aesivating snails was 192 mg total mass or approx. 0.1 g tissue mass. We have a suspect that in this work there could be an error in units of measurements of oxygen consumption, which might be responsible for the too low value of 0.0063 W kg(1. In another work of the same author for P. ovata a rate of 0.26 ml O2 (g total mass)(1 day(1 is reported, which is over 1,000 times higher than for B. nasutus, while Coles (1969) writes that "the present work on B. nasutus has produced results consistent with the observations on P. ovata" and makes no mention of this dramatic difference in oxygen consumption rates. However, comparably low rates in aestivating snails have been also by other researchers, see [VII-8] and [VII-9].

[VII-5] Herreid (1977); land snails from Morocco; maximum total mass 11.6 g, shell is about 43% of total mass, i.e. maximum tissue mass is approx. 6.6 g; metabolic rate 8.2 (l O2 (g total mass)(1 h(1 is calculated from the equation given in the abstract, this converts to 14.4 (l O2 (g tissue mass)(1 h(1.

[VII-6] Pedler et al. (1996); land snails from Western Australia; total mass range from 4 to 7 g, tissue mass is 59.6% of total mass, hence mean tissue mass was taken as 3.3 g; oxygen consumption of aestivating snails declines during the first two weeks and remains constant thereafter; mean oxygen consumption rate during 1-3 months of aestivation is 22 (l O2 g(1 h(1, Table 1 of Pedler et al. (1996).

[VII-7] Rees & Hand (1990); Oreohelix spp.: total mass 0.3 g, tissue mass assumed to be 50% of total mass; metabolic rate determined by calorimetry was 2.9 J (g tissue dry mass)(1 h(1; dry tissue mass is 21.4% of fresh tissue mass; four days of aestivation were enough for the snails to form the epiphragm; B. dealbatus: data of Horne (1973) cited by Rees and Hand (1990) in their Table 2; body mass of this species taken from Guppy and Withers (1999).

[VII-8] Riddle (1977); immature desert snails were collected in Texas, USA, starved for 8 days; tissue mass 0.6 g; oxygen consumption rates in dormant snails were measured at 20, 25, 30, 35 and 40 (C and 10 and 60% relative humidity; snails are inactive during the daytime when ambient temperatures rise above 30 (C, which is therefore a natural ambient temperature for dormancy; at night temperature is lower, but relative humidity is higher; we took the oxygen consumption rate value corresponding to 30 (C and 10% relative humidity, 7 (l O2 g(1 h(1, Fig. 2 of Riddle (1977); note that in 32 hours of exposure to 25 (C at 10% relative humidity metabolic rate of dormant snails fell to 1 (l O2 g(1 h(1, i.e. 0.0056 W kg(1, cf. [VII-4] and [VII-9]. It is unclear whether these are natural conditions.

[VII-9] Schmidt-Nielsen et al. (1971); snails collected in the central Negev desert; oxygen consumption was monitored at 15 (C, 25 (C, 35 (C for and at a temperature cycling between 15 and 35 (C; metabolic rates for these four regimes (duration 15-60 days) were 2.62, 6.96, 15.63 and 8.37 (l O2 ind(1 h(1 for individuals of 4.06 g total mass, 1.8 g tissue mass. We took the value at 25 (C as presumably close for the mean ambient temperature during aestivation. Note that the lowest rate corresponds to 0.008 W kg(1, cf. [VII-4] and [VII-8].

[VII-10] Withers et al. (1999); Barrow Island, Western Australia; after many months of aestivation metabolic rate declined to 4.7 (l ml O2 (g total mass)(1 h(1; shell is 53.6 % of total mass.

ANOXIA

This group includes species with metabolic rate measured under anoxic conditions, at different temperatures and duration of oxygen deprivation; M (g) is fresh body mass or "standard" body mass, see notes to Group VI, T ((C) is ambient temperature; q (W kg(1) is mass-specific metabolic rate (per unit body mass); D (days) is the period of anoxia to which the reported q value pertains. Metabolic rates are either measured by direct calorimetry (c) or estimated from the rate of lactate accumulation (l) assuming 120 J (mmol lactate)(1; from the rate of glycogen degradation (g) assuming 226 J (mmol glycosyl-unit)(1 (Hamburger et al., 2000); from the rate of accumulation of other metabolites (succinate, propionate, etc.) (m). Species in boldface were also used in the analysis of survival times presented in Figure 4 of the present work; LT50 values and their sources are given under corresponding comments.

Species
T ((C)
M (g)
q (W kg(1)
D (d)
Taxon
Comment

1. Abra tenuis
15
0.005
0.033
0.25
Bivalve
[A-23] c

2. Agelastica alni
21
0.031
0.08
0.42
Beetle
[A-12] c

3. Anguilla anguilla
20
78
0.086
0.06
Fish
[A-4] c

4. Arctica islandica
10
1.2
0.47
1
Bivalve
[A-16] m

5. Arctica islandica
10
1.2
0.0067
20
Bivalve
[A-16] m

6. Arctica islandica
10
1.2
0.0050
50
Bivalve
[A-16] m

7. Artemia franciscana
25
0.000009
0.093
0.375
Crustacean
[A-7] c

8. Artemia franciscana
25
0.000009
0.014
6
Crustacean
[A-7] c

9. Artemia franciscana
25
0.000009
0.0049
0.0625
Crustacean
[A-11] c

10. Artemia franciscana
25
0.000009
0.0031
0.5
Crustacean
[A-24] m

11. Artemia franciscana
25
0.000009
0.000031
40
Crustacean
[A-24] m

12. Artemia franciscana
25
0.000009
0.0000031
500
Crustacean
[A-24] m

13. Artemia franciscana
25
0.000009
0.0000012
900
Crustacean
[A-24] m

14. Artemia franciscana
25
0.000009
0.00000091
2044
Crustacean
[A-24] m

15. Astarte borealis
10
1.4
0.45
1
Bivalve
[A-16] m

16. Astarte borealis
10
1.4
0.0045
20
Bivalve
[A-16] m

17. Astarte borealis
10
1.4
0.0022
60
Bivalve
[A-16] m

18. Calocaris macandreae
10
2
0.033
1.5
Shrimp
[A-1] l

19. Carassius auratus
20
9.5
0.10
0.13
Fish
[A-25] c

20. Carcinas maenas
10
20
0.081
0.5
Crab
[A-10] c

21. Chironomus anthracinus
10
0.010
0.024
5
Insect larva
[A-6] g

22. Chironomus anthracinus
10
0.010
0.011
15
Insect larva
[A-6] g

23. Chironomus anthracinus
10
0.010
0.00072
25
Insect larva
[A-6] g

24. Chrysemys picta
3
952.5
0.00063
84
Turtle
[A-9] l

25. Chrysemys picta
10
952.5
0.0039
10
Turtle
[A-9] l

26. Chrysemys picta
15
952.5
0.010
3
Turtle
[A-9] l

27. Chrysemys picta
20
952.5
0.020
0.5
Turtle
[A-9] l

28. Crassostrea virginica
25
0.05
0.13
0.25
Bivalve
[A-22] c

29. Crassostrea virginica
22
0.15
0.065
0.125
Bivalve
[A-26] c

30. Crassostrea virginica
22
0.000006
0.32
0.46
Bivalve
[A-26] c

31. Crassostrea virginica
22
0.000001
0.36
0.63
Bivalve
[A-26] c

32. Crassostrea virginica
22
0.0000006
5
0.125
Bivalve
[A-26] c

33. Culex pipiens
12
0.045
0.28
0.17
Insect larva
[A-19] l

34. Halicryptus spinulosus
10
0.26
0.030
1
Priapulid
[A-17] c

35. Halicryptus spinulosus
10
0.26
0.015
2
Priapulid
[A-17] c

36. Halicryptus spinulosus
10
0.26
0.0066
5
Priapulid
[A-17] c

37. Halicryptus spinulosus
10
0.26
0.0039
10
Priapulid
[A-17] c

38. Halicryptus spinulosus
10
0.26
0.0025
12
Priapulid
[A-17] c

39. Halicryptus spinulosus
10
0.26
0.0012
14
Priapulid
[A-17] c

40. Hediste versicolor
10
0.050
0.070
1.25
Polychaete
[A-3] c

41. Hediste versicolor
20
0.050
0.16
1.25
Polychaete
[A-3] c

42. Locusta migratoria
20.3
1.52
0.084
0.13
Locust
[A-15] c

43. Lumbriculus variegatus
20
0.014
0.076
2
Oligochaete
[A-5] c

44. Manduca sexta
20.3
2.18
0.096
0.42
Moth
[A-15] c

45. Marenzelleria viridis
10
0.050
0.073
1.25
Polychaete
[A-3] c

46. Marenzelleria viridis
20
0.050
0.12
1.25
Polychaete
[A-3] c

47. Modiolus demissus
20
3
0.025
0.5
Bivalve
[A-18] c

48. Modiolus demissus
30
3
0.038
0.5
Bivalve
[A-18] c

49. Mytilus edulis
15
4.77
0.01
2
Bivalve
[A-20] c

50. Mytilus galloprovincialis
20
5.5
0.035
0.5
Bivalve
[A-27] m

51. Pila virens
27
8.5
0.00038
180
Snail
[A-14] l

52. Pila virens
27
8.5
0.013
1
Snail
[A-14] l

53. Pisidium spp.
10
0.0015
0.0091
14
Bivalve
[A-6] g

54. Pisidium spp.
10
0.0015
0.0054
100
Bivalve
[A-6] g

55. Pisidium spp.
10
0.0015
0.0014
140
Bivalve
[A-6] g

56. Polymesoda caroliniana
20
5
0.025
0.5
Bivalve
[A-18] c

57. Polymesoda caroliniana
30
5
0.038
0.5
Bivalve
[A-18] c

58. Potamothrix hammoniensis
10
0.002
0.00051
134
Oligochaete
[A-6] g

59. Potamothrix hammoniensis
10
0.002
0.0040
60
Oligochaete
[A-6] g

60. Potamothrix hammoniensis
10
0.002
0.011
14
Oligochaete
[A-6] g

61. Rana temporaria
20.8
30.6
0.033
0.083
Frog
[A-15] c

62. Ruditapes decussatus
20
1.5
0.023
1
Bivalve
[A-21] c

63. Scapharca inaequivalis
20
5.8
0.009
0.5
Bivalve
[A-27] m

64. Sipunculus nudus
15
40
0.006
1
Worm
[A-8] c

65. Thais haemastoma
25
0.8
0.14
1
Snail
[A-13] c

66. Tubifex tubifex
15
0.1
0.16
0.83
Annelid
[A-2] c

Comments to ANOXIA group data (numbered according to the alphabetic order of the data sources)

LT50 is the duration of anoxia period resulting in death of 50% of the experimental animals.

[A-1] Anderson et al. (1994); the burrowing shrimps were collected in muddy sediments in the Firth of Clyde, Scotland; rate of lactate accumulation during the first 36 hours of anoxia was 0.98 (mol lactate g(1 h(1; LT50 = 1.79 d, metabolic rate per unit dry mass calculated assuming 80% water content.

[A-2] Famme & Knudsen (1984); dry body weight estimated as 15 mg as the mean weight of the eight organisms masses of which are listed in Figs. 1-4 of Famme and Knudsen (1984); fresh body mass of 0.1 g was taken assuming 0.12 DM/FM ratio as in Gnaiger and Staudigl (1987) for Lumbriculus.
[A-3] Fritzsche & von Oertzen (1995); the polychaetes were collected in the Southern Baltic coastal inlet DBZ; metabolic rates were allowed to equilibrate for 12-24 hours before measurements lasting for at least 6 hours were taken; mean body mass in both species was approx. 10 mg AFDM ind(1, Fig. 1 of Fritzsche and von Oertzen (1995), this was standardised to 0.05 g ind(1; normoxic metabolic rates were taken from Fig. 1 and multiplied by coefficients characterizing reduction of anaerobic heat dissipation relative to normoxic values, Table 2 of Fritzsche and von Oertzen (1995); LT50 = 6.25 d for both species at 10 (C;  at 20 (C and 5 per mille salinity LT50 = 1.9 d for H.v. and LT50 = 2 d for M. v., Fig. 3 of Fritzsche & von Oertzen (1995).

[A-4] van Ginneken et al. (2001); starved fish exposed to 1.5 h of anoxia.

[A-5] Gnaiger & Staudigl (1987); after 2-5 h of anoxia, anaerobic rates remained constant for up to 48 h; Fig. 9, p. 669: aerobic steady-state rate is 4.24 mW (g DM)(1; abstract: anoxic heat dissipation is reduced by up to 85%; this gives 0.64 W (kg DM)(1; p. 660, length-mass relationship in the worm: 0.242 mg fresh mass (mm length)(1 corresponds to 0.0288 mg DM (mm length)(1; this means that the proportion dry to fresh mass is about 12%; this gives 0.076 W (kg fresh mass)(1; LT50 = 7 d, p.673.

[A-6] Hamburger et al. (2000); invertebrates from Lake Esrom, Denmark; most data given in Table 8 of Hamburger et al. (2000); P. hammoniensis: body mass 0.15-0.7 mg DM ind(1, normoxic metabolic rate 0.30 (l O2 (mg DM)(1 h(1 = 1.67 W (kg DM)(1, anoxic metabolic rate is 3.6, 1.2 and 0.15% of the normoxic one during 0-14, 30-60 and 60-134 days of anoxia, respectively, 80% water content assumed, LT50 = 170 d; Chironomus anthracinus, 4th instar: body mass 2 mg DM ind(1, normoxic metabolic rate 0.43 (l O2 (mg DM)(1 h(1 = 2.4 W (kg DM)(1, anoxic metabolic rate is 5, 2.3 and 1.5% of the normoxic one during 0-5, 10-15 and 20-25 days of anoxia, respectively, 80% water content assumed, LT50 = 35 d; Pisidium sp.: mean AFDM of studied individuals was 0.3 mg AFDM ind(1, p. 182, normoxic metabolic rate 0.41 (l O2 (mg DM)(1 h(1 = 2.3 W (kg DM)(1, anoxic metabolic rate is 2, 0.5 and 0.3% of the normoxic one during 0-14, 20-100 and 100-140 days of anoxia, respectively, 80% water content assumed, LT50 = 150 d.

[A-7] Hand (1990); body mass of Artemia embryos is taken as 4 (g DM ind(1 and 9 (g fresh mass ind(1 (Guppy & Withers, 1999).

[A-8] Hardewig et al. (1991).

[A-9] Herbert & Jackson (1985); the turtle can survive 5 months of anoxia at 3 (C, this value was taken as an estimate of LT50.

[A-10] Hill et al. (1991); intertidal crabs were collected in Firth of Clyde, UK from littoral pools; 0.29 J g(1 h(1, p. 41; LT50 = 0.66 d.

[A-11] Hontoria et al. (1993); see [A-7].

[A-12] Kölsch et al. (2002); the leaf alder beetles were collected from alder trees near Kiel, Germany; these beetles are likely to regularly experience oxygen deprivation when their damp habitats are flooded; metabolic rates stabilizes at 0.08 W kg(1 after 4 hours of anoxia; at 20 (C the beetles survive at least 24 h of anoxia, anoxia survival at lower temperatures amounts to several days.

[A-13] Liu et al. (1990); the marine gastropods were collected at 90(W, 29(N; mean tissue dry mass 0.16 g, Table 1 of Liu et al. (1990); anoxic metabolic declined rapidly during the first 12 h and attained a nearly stable level by 24 h; values for 30‰ salinity were taken, as far as ambient salinity was 26‰; 2.53 J (g tissue dry mass)(1 h(1, Table 1.

[A-14] Meenakshi (1957); Indian snail, long-term anaerobic aestivation and short-term exposure to anoxic water; anaerobic aestivation: the rate of lactatic acid accumulation is 0.7-0.8 mg per g tissue mass in 30 days, p. 65; molecular weight of lactatic acid being 90, this corresponds to 0.083 mmol per g tissue in 30 days or 0.00038 W kg(1; in non-aestivating anoxic snails, the rate of lactic acid accumulation is 34 times higher, Table V; shell mass in this snail is 71% of total mass, tissue mass is approx. 8.5 g; survival: snails can survive nearly a year in the state of anaerobic aestivation, while in anoxic water most animals die in four days, hence tentative values of LT50 ~ 300 d for aestivation and LT50 ~ 4 d were adopted for aestivation and non-aestivating anaerobiosis, respectively.

[A-15] Moratzky et al. (1993); M. sexta can survive ( 24 h anoxia, LT50 = 1 d was assumed for this species.

[A-16] Oeschger (1990); sublittoral bivalves from the Western Baltic Sea; dry tissue mass is from 100 to 250 mg ind(1 in both species, fresh mass/dry tissue mass ratio is 7.79 for A. borealis and 6.96 for A. islandica; metabolic rate estimates taken from Table 3 of Oeschger (1990); LT50 = 46 d for A. i. and LT50 = 80 d for A. b. (Hand and Hardewig, 1996).

[A-17] Oeschger et al. 1992; priapulid worm from the Baltic Sea; mean dry body mass was 43.6 mg ind(1, Table III of Oeschger et al. 1992, this was converted to fresh body mass assuming DM/FM ratio of 12%; metabolic rate calculated as the mean for the four individuals described in Table III of Oeschger et al. 1992; LT50 = 35 d, p. 230.

[A-18] Pamatmat (1979); intertidal bivalves from Mobile Bay, USA; body mass calculated as the mean for the observed ranges, 0.2-1 g tissue dry mass ind(1 in P. c. and 0.6-1.4 g tissue dry mass ind(1 in M. d., Fig. 3 of Pamatmat (1979); resting metabolic rate does not differ between the species and is given in the legend to Fig. 3 of Pamatmat (1979).

[A-19] Redecker & Zebe (1988); larvae were sample in pools in the vicinity of Münster, Germany; fresh body mass 0.04-0.05 g, p. 308; the larvae survive 4 hours of anoxia accumulating 170 (mol of lactate per g dry mass, Fig. 4 of Redecker & Zebe (1988).

[A-20] Shick et al. (1983); specimens were collected from the mid-littoral zone of Whitsand Bay, Cornwell, England; all data are in the legend to Fig. 1 of Shick et al. (1983).

[A-21] Sobral & Widdows (1997); marine bivalve from Portugal; Fig. 2, p. 458: normoxic metabolic rate 3.5 J h(1 per standard 0.3 g DM clam (p. 357); p. 458: anoxic metabolic rates were 3.6% of the normoxic metabolic rate; this gives 0.12 W (kg DM)(1 0.023 W (kg fresh mass)(1 assuming 20% DM/FM ratio; survives at least 1 day in pure N2 without mortality.

[A-22] Stickle et al. (1989); American oysters were starved for 35 to 65 days prior to anoxia exposure; body mass 2-19 mg DM ind(1, p. 309; metabolic rate taken from Table II of Stickle et al. (1989).

[A-23] Wang & Widdows (1993); infaunal bivalve from southern England; dry mass 1 mg, p. 74, converted to fresh mass using conversion factor 0.2; this gives 5 mg; anoxic metabolic rate 0.16-0.17 mW (g DM)(1, p. 76.

[A-24] Warner & Clegg (2001); see [A-7]; metabolic rates estimated from the rate of depletion of the guanosin pool in the anoxic embryos.

[A-25] van Waversveld et al. (1989); LT50 = 0.67 d (Hand and Hardewing, 1996).

[A-26] Widdows et al. (1989); larvae and juveniles; juveniles measure 30 mg tissue dry mass ind(1, anoxic metabolic rate 0.035 J ind(1 h(1, Table III of Widdows et al. (1989); for larvae, whole animal metabolic rates are taken from Fig. 2 of Widdows et al. (1989), while ash-free dry mass ((g) is calculated from the equation AFDM = (9 ( 10(6)SL2.066, where SL is shell length in (m, shell length is also given in Fig. 2, "standard" body mass is obtained from AFDM multiplying it by 5; LT50 survival times are given in Fig. 1; LT50 = 2.08 d and LT50 = 0.75 d for the two smallest size-classes of larvae, with the smaller one having the shorter survival time.

[A-27] de Zwaan et al. (1991); Mediterranean bivalves; anoxic metabolic rate is 4.5% of normoxic metabolic rate in both species, p. 349-350; normoxic metabolic rate taken from Fig. 2 using 20 J per ml O2.

CALCULATING ENERGY LOSSES IN HIBERNATING BEARS AND STARVED TICKS

Energy loss of a one-year starved 11-mg tick Dermacentor andersoni was estimated at approximately 90 J (Lighton & Fielden 1995) (q = 0.25 W kg(1). Assuming that lipids account for 20% (2.3 mg) of body mass (Lighton & Fielden 1995) and that the remaining tissues have c. 75% water content, total dry mass of the tick can be estimated as 4.5 mg and its fat-free tissue dry mass as 2.2 mg. The yearly energy loss thus becomes 20,000 kJ per kg dry mass or 40,000 kJ per kg fat-free tissue dry mass. Hibernating bears, Ursus americanus, 80 kg, q = 0.23 W kg(1 (Geiser 2004), lose 190,000 kJ during a four-month' hibernation. Assuming that lipid reserves are about 40% of total body mass, while the remaining tissues have a 75% water content (Tinker et al. 1998), dry body mass of the bear equals 44 kg and its fat-free tissue dry mass is 12 kg. Energy loss of the bear is thus estimated as 4,300 kJ per kg dry mass and 16,000 kJ per fat-free tissue dry mass.
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