
various UV-absorbing flowers as viewed 
against their UV-reflecting backgrounds 
shows that the appearance of the habitat 
cannot be ignored in studying the UV-re- 
flectance patterns of flowers. Shadows 
resulting from direct illumination by sun- 
light add additional complexity that may 
be important. The best way to observe 
the patterns is to photograph the plants 
in the field with natural daylight illumina- 
tion. The use of more convenient meth- 
ods such as flash photography or the fluo- 
rescence of dried material can lead to 
misinterpretation. The pattern of UV-ab- 
sorbing flowers with UV-reflecting back- 
grounds can be expected in places with 
UV-reflecting soils or places with many 
hairy or glaucous plants. 

MICHAEL W. FROHLICH 
Gray Herbarium, Harvard University, 
Cambridge, Massachusetts 02138 

References and Notes 

1. To the bee, the appearance of the background is 
gray or dull gray [P. G. Kevan, Can. J. Bot. 50, 
2289 (1972)]. Foliage reflects little UV [G. 
A. Mazokhin-Porshnyakova, Entomol. Rev. 
(USSR) 38, 285 (1959)]. See also, K. Daumer,Z. 
Vgl. Physiol. 41, 49 (1958); H. Kugler, Planta 
59, 296 (1963); Ber. Dtsch. Bot. Ges. 79, 57 
(1966); T. Eisner, R. E. Silberglied, D. Ane- 
shansley, J. E. Carrel, H. C. Howland, Science 
166, 1172 (1969); R. Ornduff and T. Mosquin, 
Can. J. Bot. 48, 603 (1970); A. Horowitz and Y. 
Cohen, Am. J. Bot.. 59, 706 (1972); L. D. Guld- 
berg and P. R. Atsatt, Am. Midl. Nat. 93, 35 
(1975). For information regarding techniques see 
R. E. Silberglied, Funct. Photogr. 11 (No. 2), 20 
(1976); ibid. 11 (No. 3), 30 (1976). 

2. All of these pictures were taken with a Kodak 
Wratten 18A filter and a glass lens (Nikkor 55- 
mm, f/3.5). In order to obtain approximately 
equal contrast, corresponding visible light and 
UV photographs were taken on the same roll of 
Tri-X film and printed with the same exposure 
and development on the same contrast grade 
paper. The slight difference in contrast due to 
the inherent difference in film response to visible 
and UV light (polycontrast effect) was ignored in 
making prints but was taken into account for 
quantitative calculations. Standard exposures 
were determined with the aid of reflectance 
standards and a densitometer (Macbeth TD 
500). This standardization need be done only 
once for flash photography, but the variation in 
the amount of UV in daylight necessitates inde- 
pendent standardization for each daylight photo- 
graphing session. 

3. A ringlight is a circular xenon flashtube typically 
placed around the front of the camera lens and 
used primarily for closeup photography. It pro- 
vides uniform, shadowless illumination. 

4. T. Eisner, M. Eisner, D. Aneshansley, Proc. 
Natl. Acad. Sci. U.S.A. 70, 1002 (1973). 

5. T. Eisner, M. Eisner, P. A. Hyypio, D. Ane- 
shansley, R. E. Silberglied, Science 179, 486 
(1973). 

6. B. G. Brehm and D. Krell, ibid. 190, 1221 
(1975). 

7. Flavonoids appear to be present in the petal 
parenchyma as well as in the tips of the ridged 
cells. The distribution of presumed flavonoids is 
based on fluorescence in dried sectioned co- 
rollas, which is enhanced by NH3 and removed 
by extraction with methanol. Apigenin and lute- 
olin glycosides have been identified by R. E. 
Umber in methanol extracts of corollas of this 
plant. 

8. I thank R. C. Rollins for help and encourage- 
ment at all stages of this project, R. Silberglied 
for valuable discussions, R. Silberglied, E. S. 

various UV-absorbing flowers as viewed 
against their UV-reflecting backgrounds 
shows that the appearance of the habitat 
cannot be ignored in studying the UV-re- 
flectance patterns of flowers. Shadows 
resulting from direct illumination by sun- 
light add additional complexity that may 
be important. The best way to observe 
the patterns is to photograph the plants 
in the field with natural daylight illumina- 
tion. The use of more convenient meth- 
ods such as flash photography or the fluo- 
rescence of dried material can lead to 
misinterpretation. The pattern of UV-ab- 
sorbing flowers with UV-reflecting back- 
grounds can be expected in places with 
UV-reflecting soils or places with many 
hairy or glaucous plants. 

MICHAEL W. FROHLICH 
Gray Herbarium, Harvard University, 
Cambridge, Massachusetts 02138 

References and Notes 

1. To the bee, the appearance of the background is 
gray or dull gray [P. G. Kevan, Can. J. Bot. 50, 
2289 (1972)]. Foliage reflects little UV [G. 
A. Mazokhin-Porshnyakova, Entomol. Rev. 
(USSR) 38, 285 (1959)]. See also, K. Daumer,Z. 
Vgl. Physiol. 41, 49 (1958); H. Kugler, Planta 
59, 296 (1963); Ber. Dtsch. Bot. Ges. 79, 57 
(1966); T. Eisner, R. E. Silberglied, D. Ane- 
shansley, J. E. Carrel, H. C. Howland, Science 
166, 1172 (1969); R. Ornduff and T. Mosquin, 
Can. J. Bot. 48, 603 (1970); A. Horowitz and Y. 
Cohen, Am. J. Bot.. 59, 706 (1972); L. D. Guld- 
berg and P. R. Atsatt, Am. Midl. Nat. 93, 35 
(1975). For information regarding techniques see 
R. E. Silberglied, Funct. Photogr. 11 (No. 2), 20 
(1976); ibid. 11 (No. 3), 30 (1976). 

2. All of these pictures were taken with a Kodak 
Wratten 18A filter and a glass lens (Nikkor 55- 
mm, f/3.5). In order to obtain approximately 
equal contrast, corresponding visible light and 
UV photographs were taken on the same roll of 
Tri-X film and printed with the same exposure 
and development on the same contrast grade 
paper. The slight difference in contrast due to 
the inherent difference in film response to visible 
and UV light (polycontrast effect) was ignored in 
making prints but was taken into account for 
quantitative calculations. Standard exposures 
were determined with the aid of reflectance 
standards and a densitometer (Macbeth TD 
500). This standardization need be done only 
once for flash photography, but the variation in 
the amount of UV in daylight necessitates inde- 
pendent standardization for each daylight photo- 
graphing session. 

3. A ringlight is a circular xenon flashtube typically 
placed around the front of the camera lens and 
used primarily for closeup photography. It pro- 
vides uniform, shadowless illumination. 

4. T. Eisner, M. Eisner, D. Aneshansley, Proc. 
Natl. Acad. Sci. U.S.A. 70, 1002 (1973). 

5. T. Eisner, M. Eisner, P. A. Hyypio, D. Ane- 
shansley, R. E. Silberglied, Science 179, 486 
(1973). 

6. B. G. Brehm and D. Krell, ibid. 190, 1221 
(1975). 

7. Flavonoids appear to be present in the petal 
parenchyma as well as in the tips of the ridged 
cells. The distribution of presumed flavonoids is 
based on fluorescence in dried sectioned co- 
rollas, which is enhanced by NH3 and removed 
by extraction with methanol. Apigenin and lute- 
olin glycosides have been identified by R. E. 
Umber in methanol extracts of corollas of this 
plant. 

8. I thank R. C. Rollins for help and encourage- 
ment at all stages of this project, R. Silberglied 
for valuable discussions, R. Silberglied, E. S. 
Barghoom, and J. E. Dowling for the use of 
equipment, R. E. Umber and T. Swain for help 
with phytochemistry, L. E. Morse for editorial 
assistance, N. G. Miller for his comments on the 
manuscript, and B. Hallberg for assistance in 
Mexico. Supported in part by NSF grant num- 
ber GB 27911, R. C. Rollins, Principal Investiga- 
tor, Harvard University. 

1 April 1976; revised 12 July 1976 

19 NOVEMBER 1976 

Barghoom, and J. E. Dowling for the use of 
equipment, R. E. Umber and T. Swain for help 
with phytochemistry, L. E. Morse for editorial 
assistance, N. G. Miller for his comments on the 
manuscript, and B. Hallberg for assistance in 
Mexico. Supported in part by NSF grant num- 
ber GB 27911, R. C. Rollins, Principal Investiga- 
tor, Harvard University. 

1 April 1976; revised 12 July 1976 

19 NOVEMBER 1976 

Submergent Macrophytes: Growth Under Winter Ice Cover 

Abstract. Densities of 26 submergent macrophyte species were determined in situ 
regularly for 3 years by individuals using self-contained underwater breathing appa- 
ratus (scuba). Although most of these species grew only during the summer, ten 
maintained high population densities and productivity throughout the winter. Maxi- 
mum winter photosynthetic activity was 10 to 20 percent of summer rates. Extensive 
productivity of submergent aquatic plants under winter ice cover has not been well 
documented. 
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The adaptation of self-contained un- 
derwater breathing apparatus (scuba) 
for scientific investigations has provided 
opportunities for in situ study of poorly 
accessible habitats such as the fresh- 
water lake during winter ice cover. Most 
lakes and ponds in temperate climates 
above 35?N latitude are covered with sev- 
eral centimeters of ice during the winter 
months. The effect of low light intensity, 
coupled with low water temperature, on 
the photosynthetic activity of rooted sub- 
mergent plants is not well understood. 
Little is known about the physiological 
activity and abundance of aquatic plants 
that may overwinter in the vegetative 
state (1). 

Changes in population densities of 26 
species of rooted submergent macro- 
phytes occurring in Lake George, New 
York, were observed from 1973 to 1976. 
Most showed seasonal density profiles, 
with growth beginning in the early sum- 
mer and dieback occurring in the au- 
tumn. However, ten species did not die 
in the autumn but continued to be meta- 
bolically active under winter ice in 2?C 
water. Measurements were made in 
Smith Bay, which encompasses approxi- 
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mately a lake surface area of 6 ha. The 
littoral zone gradually slopes to a depth 
of 9 m, where rooted aquatic plants 
could still be found. A transect from a 
midpoint on shore was traversed from 1- 
to 12-m depth by the diver (R.B.S.). Rou- 
tinely a bottom surface area of 1 ha was 
observed, with determinations of commu- 
nity species composition and relative 
species abundance made underwater at 
depth increments of 1 m (2). 

The mean population densities for four 
species are presented in Fig. 1. Each 
point ranged within one order of magni- 
tude. Densities are shown for the depth 
of greatest abundance for each species. 
Two species, Najas flexilis and Vallis- 
neria americana, showed pronounced 
seasonal changes in density patterns. 
Najas flexilis germinated from seeds in 
early June and reached maximum popu- 
lation densities averaging ten plants per 
square meter at a depth of 3 m by mid- 
July. By mid-August the plants had pro- 
duced seeds and had begun to die back. 
In mid-June V. americana sprouted from 
rhizomes. Densities averaging 100 plants 
per square meter were attained at a 
depth of 3 m by late August. By October 
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Fig. 1. Mean population densities of macrophyte species growing at depths of maximum abun- 
dance in Smith Bay, Lake George. 0, Potamogeton robbinsii, 5 m; *, Potamogeton amplifolius, 3 m; A, Najas fexilis, 3 m; and A, Vallisneria americana, 3 m. 
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Table 1. Photosynthetic rates [milligrams of carbon per gram (dry weight) per hour] of submer- 
gent aquatic macrophytes that overwinter in a physiologically active vegetative state. 

Photosynthetic rate 

Organism Midwinter Midsummer 

2?C 23?C 2?C 23?C 

Bidens beckii 0.194 0.076 1.02 0.12 0.145 + 0.037 1.22 0.10 
Elodea canadensis 0.368 + 0.024 1.79 + 0.13 0.192 + 0.052 1.82 + 0.17 
Isoetes echinospora 0.166 + 0.028 0.169 + 0.011 0.920 ? 0.057 
Isoetes macrospora 0.145 + 0.021 0.088 + 0.011 0.690 + 0.035 
Myriophyllum alterniflorum 0.323 0.021 1.52 +0.10 0.145 + 0.001 1.63 + 0.18 
Myriophyllum tenellum 0.042 + 0.004 0.353 + 0.208 0.070 + 0.004 0.312 + 0.045 
Potamogeton amplifolius 0.210 + 0.099 1.03 -0.212 0.153 0.008 1.54 + 0.20 
Potamogeton praelongus 0.250 ? 0.071 1.48 + 0.18 0.175 + 0.035 1.50 + 0.14 
Potamogeton robbinsii 0.118 ? 0.055 0.433 ? 0.011 0.121 + 0.016 0.805 + 0.064 
Sagittaria graminea 0.140 + 0.028 0.820 + 0.099 

*Data are expressed as mean values + the standard deviation. 
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new rhizomes were formed, and the veg- 
etative plants began to die. Population 
densities of Potamogeton amplifolius 
and P. robbinsii remained stable year- 
round and showed minimal seasonal fluc- 
tuation. Potamogeton amplifolius typi- 
cally did not fruit when growing at a depth 
of 3 m or more, and densities from one to 
ten plants per square meter were found at 
this depth. In shallow water this species 
fruited, and in the autumn the dieback in 
the shallow lake periphery was readily 
observed. Annual densities ofP. robbinsii 
varied from 100 to 1000 plants per square 
meter at depths from 5 to 7 m. 

To confirm that the vegetative plants 
found during the winter continued to be 
metabolically active, we removed plants 
in midwinter and compared photosyn- 
thetic rates (3) to those of plants from 
midsummer (Table 1). Plants gathered 
during the winter exhibited 10 to 20 per- 
cent the photosynthetic activity of sum- 
mer rates. On a clear winter day with 
minimal snow cover on top of the ice, ap- 
proximately 4300 lux (light intensity) pen- 
etrated to 5 m. Light saturation for photo- 
synthesis by two species, P. robbinsii 
and P. amplifolius, was approximately 
2300 lux. For P. robbinsii, at densities 
found in Smith Bay at 5 m, maximum 

midday productivity during the winter 
ranged from 1.65 to 16.5 mg of car- 
bon fixed per square meter per hour as 
compared to summer productivity rates, 
which ranged from 13.2 to 132 mg of 
carbon fixed per square meter per hour. 
Potamogeton amplifolius exhibited a 
maximum midday winter productivity at 
3 m from 0.27 to 2.68 mg of carbon fixed 

per square meter per hour as compared to 
a summer maximum of 4.82 to 48.2 mg of 
carbon fixed per square meter per hour. 

Aquatic macrophytes are an important 
ecological and limnological component 
of the aquatic ecosystem (1). Their role 
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in summer productivity and contribution 
to the annual recycling of nutrients is 
well established (4). The omission of ref- 
erences to winter growth of submergent 
macrophytes in recent books on macro- 

phyte productivity (5) suggests that there 
is relatively little known about growth 
under ice cover. The best data are those 
of Rich et al. (6), who report that Scirpus 
subterminalis maintains substantial vi- 
able biomass throughout the winter un- 
der ice cover. Rich et al. found that the 
submersed annual macrophytes of Law- 
rence Lake, represented mainly by 
Potamogeton illinoensis and P. prae- 
longus, die back in the fall. In Lake 

George many species, including P. prae- 
longus, when growing at depths of 3 m or 
more, maintain high viable biomass. 
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Continued winter growth of aquatic an- 
nuals in temperate climates is probably 
considerably more common than had 
been thought. 

CHARLES W. BOYLEN 
RICHARD B. SHELDON 

Freshwater Institute and Department of 
Biology, Rensselaer Polytechnic 
Institute, Troy, New York 12181 
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Karyotypic Analysis and Evidence of Tetraploidy in the 

North American Paddlefish, Polyodon spathula 

Abstract. A modal chromosome number of 120 was obtained for the ancient 

fish, Polyodon spathula (Pisces: Chondrostei). The karyotype consists of 48 macro- 

chromosomes and 72 microchromosomes. The microchromosomes are like those 

found in certain other primitive fishes as well as in reptiles and birds. The possibility 
that Polyodon is a species of tetraploid origin is strongly suggested by the fact that 
the 120 chromosomes are easily arranged into 30 groups offour homologs each. Evo- 

lutionary comparisions are made with other primitive fish groups. 
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