
found ecological effects. That this is 
currently happening is indicated by the 
sea otter-abalone controversy in Cali- 
fornia. A decrease in sport and com- 
mercial abalone fisheries has been 
reported following the influx of sea 
otters into areas of previously unoc- 
cupied habitat (24). Surveys conducted 
in 1967 by the California Department 
of Fish and Game revealed that 
throughout the sea otters' range pre- 
ferred sea otter forage items were re- 
duced in number and restricted to 
protected habitat as compared with 
habitat outside the range (25). Also, 
an increased diversity in sea otter 
forage items has been reported in areas 
long inhabited by sea otters. This is 
apparently the result of reduced avail- 
ability of preferred sea otter forage 
items (24). 

The sea otter may also be important 
in restoring kelp beds (and associated 
species of animals) in southern Cali- 
fornia. Sea otters in California com- 
pletely remove large sea urchins 
(Strongylocentrotus franciscanus) from 
areas by predation, permitting luxuri- 
ant development of the Nereocystis- 
Pterygophora (brown algae) associa- 
tion (4). Recent increases in sea 
urchin populations are correlated with 
kelp bed reduction (5). Although kelp 
bed reductions are obviously related to 
phenomena more recent than the dis- 
appearance of sea otters (26), the re- 
establishment of sea otters should 
decrease invertebrate populations and 
increase vegetational biomass. 

The sea otter is an important species 
in determining structures and dynamic 
relations within nearshore communi- 
ties, and so fits Paine's (27) concept 
of a keystone species. Many changes 
have resulted from the near extinction 
of the sea otters in these communities 
during the 18th and 19th centuries. In 
modern biological studies of nearshore 
marine communities along the Pacific 
coast of North America the species' 
ecological importance has not been 
considered in sufficient detail. We be- 
lieve that the sea otter is an evolution- 
ary component essential to the integrity 
and stability of the ecosystem. 

JAMES A. ESTES 
Arizona Cooperative Wildlife Research 
Unit, University of Arizona, 
Tucson 85721 

JOHN F. PALMISANO 

found ecological effects. That this is 
currently happening is indicated by the 
sea otter-abalone controversy in Cali- 
fornia. A decrease in sport and com- 
mercial abalone fisheries has been 
reported following the influx of sea 
otters into areas of previously unoc- 
cupied habitat (24). Surveys conducted 
in 1967 by the California Department 
of Fish and Game revealed that 
throughout the sea otters' range pre- 
ferred sea otter forage items were re- 
duced in number and restricted to 
protected habitat as compared with 
habitat outside the range (25). Also, 
an increased diversity in sea otter 
forage items has been reported in areas 
long inhabited by sea otters. This is 
apparently the result of reduced avail- 
ability of preferred sea otter forage 
items (24). 

The sea otter may also be important 
in restoring kelp beds (and associated 
species of animals) in southern Cali- 
fornia. Sea otters in California com- 
pletely remove large sea urchins 
(Strongylocentrotus franciscanus) from 
areas by predation, permitting luxuri- 
ant development of the Nereocystis- 
Pterygophora (brown algae) associa- 
tion (4). Recent increases in sea 
urchin populations are correlated with 
kelp bed reduction (5). Although kelp 
bed reductions are obviously related to 
phenomena more recent than the dis- 
appearance of sea otters (26), the re- 
establishment of sea otters should 
decrease invertebrate populations and 
increase vegetational biomass. 

The sea otter is an important species 
in determining structures and dynamic 
relations within nearshore communi- 
ties, and so fits Paine's (27) concept 
of a keystone species. Many changes 
have resulted from the near extinction 
of the sea otters in these communities 
during the 18th and 19th centuries. In 
modern biological studies of nearshore 
marine communities along the Pacific 
coast of North America the species' 
ecological importance has not been 
considered in sufficient detail. We be- 
lieve that the sea otter is an evolution- 
ary component essential to the integrity 
and stability of the ecosystem. 

JAMES A. ESTES 
Arizona Cooperative Wildlife Research 
Unit, University of Arizona, 
Tucson 85721 

JOHN F. PALMISANO 

College of Fisheries, 
University of Washington, 
Seattle 98195 

1060 

College of Fisheries, 
University of Washington, 
Seattle 98195 

1060 

References and Notes 

1.. N. S. Jones and J. M. Kain, Helgol. Wiss. 
Meeresunters. 15, 460 (1967); J. H. Himmel- 
man and D. H. Steele, Mar. Biol. 9, 315 
(1971); D. K. Camp, S. P. Cobb, J. F. 
VanBreedveld, BioScience 23, 37 (1973); P. K. 
Dayton, R. J. Rosenthal, L. C. Mahan, 
Antarct. J. U.S. 8 (No. 2), 34 (1973); J. C. 
Ogden and R. A. Brown, Science 182, 715 
(1973). 

2. R. T. Paine and R. L. Vadas, Limnol. 
Oceanogr. 14, 710 (1969). 

3. A. Nelson-Smith, in The Biological Effects 
of Oil Pollution on Littoral Communities, 
J. D. Carthy and D. R. Arthur, Eds. (Field 
Studies Council, London, 1968), vol. 2, supple- 
ment. 

4. J. H. McLean, Biol. Bull. 122, 95 (1962). 
5. W. J. North, Kelp Habitat Improvement 

Project, Annual Report for 1964-1965 (Cali- 
fornia Institute of Technology, Pasadena, 
1965). 

6. J. C. Quast, Calif. Dep. Fish. Game Fish 
Bull. 139, 109 (1968). 

7. R. T. Paine, Am. Nat. 100, 65 (1966); J. W. 
Porter, ibid. 106, 487 (1972). 

8. R. L. Vadas, thesis, University of Washington 
(1968). 

9. A. Ogden, The California Sea Otter Trade 
1784-1848 (Univ. of California Press, Berkeley, 
1941); I. I. Barabash-Nikiforov, Kalan (Soviet 
Ministrov RSFSR, 1947), published in English 
as The Sea Otter, A. Birron and Z. S. Cole, 
Transl. (Israel Program for Scientific Transla- 
tions, Jerusalem, 1962). 

10. K. W. Kenyon, The Sea Otter in the Eastern 
Pacific Ocean (Government Printing Office, 
Washington, D.C., 1969). 

11. The Rat Islands are located at approximately 
52?N, 178?E. 

12. J. A. Estes and N. S. Smith, USAEC Res. 
Dev. Rep. NVO 520-1 (1973). 

13. P. Morrison, M. Rosenmann, J. A. Estes, in 
preparation. 

14. There is some doubt about the species iden- 
tification of the green sea urchin in this area 
(that is, S. drobachiensis or S. polyacanthus). 

15. L. Barr, BioScience 21, 614 (1971). 
16. Test diameter refers to a measurement of 

the external skeleton diameter, not including 
spines. 

17. Data were collected from randomly selected 

References and Notes 

1.. N. S. Jones and J. M. Kain, Helgol. Wiss. 
Meeresunters. 15, 460 (1967); J. H. Himmel- 
man and D. H. Steele, Mar. Biol. 9, 315 
(1971); D. K. Camp, S. P. Cobb, J. F. 
VanBreedveld, BioScience 23, 37 (1973); P. K. 
Dayton, R. J. Rosenthal, L. C. Mahan, 
Antarct. J. U.S. 8 (No. 2), 34 (1973); J. C. 
Ogden and R. A. Brown, Science 182, 715 
(1973). 

2. R. T. Paine and R. L. Vadas, Limnol. 
Oceanogr. 14, 710 (1969). 

3. A. Nelson-Smith, in The Biological Effects 
of Oil Pollution on Littoral Communities, 
J. D. Carthy and D. R. Arthur, Eds. (Field 
Studies Council, London, 1968), vol. 2, supple- 
ment. 

4. J. H. McLean, Biol. Bull. 122, 95 (1962). 
5. W. J. North, Kelp Habitat Improvement 

Project, Annual Report for 1964-1965 (Cali- 
fornia Institute of Technology, Pasadena, 
1965). 

6. J. C. Quast, Calif. Dep. Fish. Game Fish 
Bull. 139, 109 (1968). 

7. R. T. Paine, Am. Nat. 100, 65 (1966); J. W. 
Porter, ibid. 106, 487 (1972). 

8. R. L. Vadas, thesis, University of Washington 
(1968). 

9. A. Ogden, The California Sea Otter Trade 
1784-1848 (Univ. of California Press, Berkeley, 
1941); I. I. Barabash-Nikiforov, Kalan (Soviet 
Ministrov RSFSR, 1947), published in English 
as The Sea Otter, A. Birron and Z. S. Cole, 
Transl. (Israel Program for Scientific Transla- 
tions, Jerusalem, 1962). 

10. K. W. Kenyon, The Sea Otter in the Eastern 
Pacific Ocean (Government Printing Office, 
Washington, D.C., 1969). 

11. The Rat Islands are located at approximately 
52?N, 178?E. 

12. J. A. Estes and N. S. Smith, USAEC Res. 
Dev. Rep. NVO 520-1 (1973). 

13. P. Morrison, M. Rosenmann, J. A. Estes, in 
preparation. 

14. There is some doubt about the species iden- 
tification of the green sea urchin in this area 
(that is, S. drobachiensis or S. polyacanthus). 

15. L. Barr, BioScience 21, 614 (1971). 
16. Test diameter refers to a measurement of 

the external skeleton diameter, not including 
spines. 

17. Data were collected from randomly selected 

produced by this drug. 

Thyroid hormone-induced alteration 
of the rate of protein synthesis is a fa- 
miliar hypothesis proposed to explain 
the elevated consumption rate of 02 
observed after administration of thy- 
roid hormones (1, 2). This hypothesis 
is based on the results of experiments 
that measured basal metabolic rate 
(BMR) before and after the use of in- 
hibitors of protein synthesis (such as 
puromycin) in vivo (1, 2). 

Because of the importance of this 
hypothesis, we tried to confirm the 
original findings (2) by using a new 
parameter-minimal oxygen consump- 
tion (MOC) (3-6). Among the 70 en- 
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docrine and nonendocrine factors stud- 
ied, the MOC appears to measure 
changes in thyroid state more specifi- 
cally than the BMR (6). Unlike vari- 
ous BMR methods, MOC is measured 
in sleeping or anesthetized rats, at their 
thermoneutral temperature (3, 6). Ther- 
moneutrality is defined as the highest 
test chamber temperature that maintains 
a normal rectal temperature (37.8? to 
38.1?C) (3, 6). Oxygen consumption 
was detected volumetrically with a 
precision-bore glass tube (6); a servo- 
system corrected for extraneous varia- 
tions in ambient temperature and pres- 
sure (4). The MOC was expressed in 
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Puromycin: A Questionable Drug for Studying the 

Mechanism of Thyroid Calorigenesis in vivo 

Abstract. Puromycin fails to alter minimal oxygen consumption of rats treated 
with thyroxine, provided the rectal temperatures of these rats are maintained at 
37.80 to 38.1?C. The previously reported puromycin-induced decline in basal 
metabolic rate of thyroxine-treated rats may have been due to the hypothermia 
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Table 1. Effect of puromycin on MOC (milli- 
liters of 02 consumed per minute per 100 g 
of fat-free body weight). Each value rep- 
resents the mean ? standard deviation of 
five rats. 

Minimal 
Dose oxygen consumption 

of 
thyroxine Before After 

puromycin puromycin* 

0 1.50 ?0.10 1.52 ?0.10 
0.1 mg 1.73 ?0.11 1.77 ? 0.07 

* Puromycin (100 mg/kg) was administered in 
two divided doses, 15 and 60 minutes before MOC 
determination [see (2)]. 
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Table 2. Effect of puromycin on BMR (milliliters of 02 consumed per minute per 100 g of 
fat-free body weight) at different ambient temperatures. Each value represents the mean - 

standard deviation of seven to eight rats; T4, thyroxine. 

(a) Ambient temperature (b) Thermoneutrality* 
(22?C3 ^^^ 

P1-1" 
(b) Thermoneutrality* (22oC) 

Treatment Treatment 
---Rectal Rectal 

BMR temperature 
BMR temperature 

T., 0; before puromycin 4.88 + 0.76 37.8 ? 0.2 3.34 ? 0.16 37.8 ? 0.2 
T4, 0; after puromycin 2.84 ? 0.24t 33.5 ? 0.2 3.27 ? 0.19 37.9 ? 0.1 

P <.001 <.001 >.5 >.5 
T., 1 mg; before puromycin 6.44 ? 0.76 38.0 ? 0.3 5.54 ? 0.36 37.9 ? 0.05 
T4, 1 mg; after puromycin 4.76 ? 0.40t 36.0 ? 0.2 6.09 ? 0.53 38.1 ? 0.1 

P <.001 <.001 >.5 >.5 

* Defined in text. .t Q10 corrected values given in text. 
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milliliters of 02 at standard tempera- 
ture and pressure per 100 g of fat-free 
body weight (5) per minute; surface 
area corrections were not used for rea- 
sons given elsewhere (6). All rats were 
fed a low iodine diet (3, 6). The effect 
of puromycin on MOC of young adult 
rats receiving thyroxine (T4) (0.1 mg 
kg-' day-' for eight consecutive 
days) was determined. 

Contrary to our expectations, puro- 
mycin failed to decrease the MOC of 
anesthetized hyperthyroid and euthy- 
roid rats (Table 1). In order to resolve 
the contradiction between these results 
and previous findings (2), we dupli- 
cated the original procedure. Therefore, 
the BMR was measured at an ambient 
temperature of 22?C in unanesthetized 
4-week-old rats previously treated with 
1 mg of T4 per kilogram per day for 
ten consecutive days. Under these con- 
ditions, the original findings appear to 
be confirmed (Table 2, column a); 
puromycin depresses the BMR. How- 
ever, puromycin significantly lowers 
rectal temperature in all rats, but rectal 
temperature was not reported in earlier 
publications (1, 2). When rectal tem- 
peratures are maintained within the 
normal range of 37.8? to 38.1?C (3, 
6), by controlling the temperature of 
the test chamber, puromycin has no 
effect on the BMR of hyperthyroid and 
euthyroid rats (Table 2, column b). 

Depression of the BMR by puromy- 
cin was observed in our experiments 
only in those rats whose rectal tempera- 
tures were permitted to fall to sub- 
normal values. We suggest that a simi- 
lar decline in rectal temperature might 
have occurred in the original experi- 
ments (2) carried out at a subthermo- 
neutral ambient temperature (22?C). 
Valid comparisons between most reac- 
tion rates including 02 consumption 
rates at different reaction temperatures 
requires a Q0o correction for these tem- 
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perature differences. In order to make 
this correction, we used 2.3 as the Q10 
of the major exothermic reactions of 
the rat (6, 7). Rectal temperature was 
used as an approximate index of core 
temperature (5, 8). After Q0o correc- 
tion of the BMR of rats with subnormal 
rectal temperatures (Table 2, column 
a), there is no significant decrease in 
the BMR following puromycin treat- 
ment (Q0o corrected oxygen consump- 
tion of euthyroid, 4.06 + 0.38; hyper- 
thyroid, 5.61 + 0.43). 

While the earlier hypothesis concern- 
ing a possible relation between the rate 
of protein synthesis and the calorigenic 
effect of thyroid hormones ultimately 
may be correct, the finding of the pres- 
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We report the first unequivocal dem- 
onstration of genetic recombination in 
dinoflagellates with carotene-deficient 
mutants (1, 2) of Crypthecodinium 
cohnii (Seligo) Chatton in Grasse, 
1952 (3), a nonphotosynthetic marine 
species. Because dinoflagellates possess 
chromosomes which remain condensed 
throughout their cell cycle (4) and 
contain large amounts of DNA per cell 
(2, 5), speculation as to their chromo- 
some structure and nuclear organiza- 
tion has received increasing attention 
(2, 6). The occurrence of sexual re- 
production in dinoflagellates has been 
a subject of conjecture (7). Until re- 
cently only incomplete cytological evi- 
dence existed for the presence of a 
sexual cycle. 

Using N-methyl-N'-nitro-N-nitroso- 
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sexual cycle. 

Using N-methyl-N'-nitro-N-nitroso- 

ent experiments, that puromycin lowers 
rectal temperature, appears to cast some 
doubt on the validity of the experimen- 
tal conditions originally used to test 
this hypothesis. 
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guanidine, we have produced (1, 2) 
mutant clones that are deficient in i8- 
and y-carotenes-the only pigments 
present in wild-type cells (1)-at fre- 
quencies (2) consistent with the vege- 
tative cell being haploid. At least two 
phenotypes of carotene-deficient mu- 
tants have been isolated (1); albino 
clones (pig-1, pig-3, pig-4, pig-5, and 
pig-13) lack measurable carotenes, and 
cream-colored clones (pig-2 and pig- 
10) contain about one-tenth the caro- 
tenes of the wild type (8). 

In media depleted of nitrogen and 
phophorus (9) we have observed that 
pairs of motile cells sometimes fuse 
while swimming. The cytological stud- 
ies of von Stosch (10), in which he 
observed in Gymnodinium pseudo- 
palustre Schiller and Woloszynskia 
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Genetic Recombination in the Dinoflagellate 

Crypthecodinium cohnii 

Abstract. Genetic recombination in dinoflagellates has been detected with the 
use of chemically induced carotene-deficient mutants of Crypthecodinium cohnii. 
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