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Table 1. Stability determinations for plankton in the York River during the summer of 1960. " 

jectory" refers to the line of behavior of each variable (averaged for the whole water columi 
terms of whether it increased (i) or decreased (d) over the preceding observation. 

Variables (j) Trajectory Pid Pdi Pii P,d del 

Environment 

Temperature iiidididd .60 .67 .40 .33 
Chlorinity iiiiidddi .20 .33 .80 .67 -. 
Dissolved oxygen iddiiddid .75 .50 .25 .50 
Nitrate-nitrogen diidddid .67 .50 .33 .50 
Inorganic phosphorus, dissolved diiddiidi .50 .75 .50 .25 
Inorganic phosphorus, adsorbed iddiiiidd .40 .33 .60 .67 
Organic phosphorus, dissolved iiddidddd .67 .20 .33 .80 
Total solids ididdiidi .75 .75 .25 .25 
Extinction coefficient ididdiidd .75 .50 .25 .50 
Secchi disc didiiddii .50 .67 .50 .33 
Light intensity dddididdd 1.00 .33 .00 .67 

Zdet P 1. 

aE = V/ii det P 0. 

Plankton 
Total chlorophyll didididid 1.00 1.00 .00 .00 1. 
Chlorophyll a* idiiidid .60 1.00 .40 .00 
Chlorophyll b* didiidid .75 1.00 .25 .00 
Chlorophyll c* (none present) 
Carotenoids, astacin* ididiidi .75 1.00 .25 .00 
Carotenoids, non-astacin* (none present) 
Organic phosphorus, particulate iddidiiid .60 .67 .40 .37 
Biomass ididdiddi 1.00 .60 .00 .40 
Cell counts iidididid .80 1.00 .20 .00 
Number of species didiididi .75 1.00 .25 .00 
Gross production iidididid .80 1.00 .20 .00 
Respiration iddiiidid .60 .67 .40 .33 
Net production diiididid .60 1.00 .40 .00 

;S det Pi 7. 

ap = 1/11 det Pi 0. 
* Information provided by M. L. Brehmer. 
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a terse presentation of calculations of 

hydrodynamic forces that the buoy- 
ancy of a dolphin in a pressure gradient 
determined the amount of hydro- 
dynamic lift needed but did not affect 
the drag. Approaching the problem ex- 

perimentally, Scholander (4) concluded 
that the tail flukes of a dolphin in the 
incline of a bow wave and properly 
angled up into the incline would be 

subject to enough force to push the 
whole animal forward. Objections by 
Hayes (5) to Scholander's hypothesis 
and a rebuttal by Scholander (6) were 

printed in Science. A point in disagree- 
ment was whether the forward com- 

ponent of the bow wave forces acted 
on the entire dolphin or just on its 
flukes. Fejer and Backus (7), stating 
that Hayes's explanation was correct 
but incomplete, supplied more observa- 
tions on porpoises and computations on 
the nature of the pressure field and thq 
function of ship's length and drag coeffi- 
cient on the position of a wave-riding 
porpoise. 

Underwater observation ports in- 
stalled in the bow of the Charles H. 
Gilbert (Fig. 1)-research ship of the 
Bureau of iCommercial Fisheries Biolog- 
ical Laboratory, Honolulu, Hawaii-in 

early 1960 for the purpose of studying 
tuna behavior provided excellent facili- 
ties for observing and photographing 
dolphins riding the bow wave. Since 
that time I have had occasion to observe 
several species of dolphins off the coast 

Fig. 2. Postures of Tursiops sp. while riding a bow wave. 

of northern California, off the coast 
of Mexico, and near Kingman Reef in 
the central equatorial Pacific. Motion 
pictures were successfully taken at the 
last location. 

Porpoises did not always find the 
bow wave suitable for riding. When 
they first approached, they swam from 
side to side in front of the ship for a 
few minutes, apparently testing the 
pressure field, before they engaged in 
wave riding or left. 

The field observations and reviews of 
the movie show that the dolphins 
assume several attitudes. The range of 
postures they assumed while riding the 
bow wave of the ship, which traveled 
at about 9 knots is shown in the out- 
line drawings taken directly from the 
film (Fig. 2). The posture shown in 
Fig. 2B is the one most commonly 

Fig. 1. Underwater viewing ports in the bow of the Charles H. Gilbert. 

seen. The trailing edge of the flukes 
was an estimated 1/2 to 3 feet ahead of 
bow. The position and predominant 
posture of the dolphins indicate that 
their bodies are used to take advantage 
of the forward component of the forces 
of the bow wave. Moreover, they were 
never seen riding with their flukes 
angled in conformance with Scho- 
lander's hypothesis. The flukes seemed 
to be used solely to control hydro- 
dynamic lift. 

Although the dolphins often rode 

steadily, without changing their posi- 
tions relative to the bow wave, they 
seem to prefer weaving laterally in and 
out among each other. In doing so they 
continually changed their vertical posi- 
tions by as much as 3 feet and thus 
exhibited excellent control of hydro- 
dynamic lift and stability by changing 
the planes of their pectorals and flukes, 
bending their bodies, and banking. Im- 

plied in Hayes's explanation is the 
necessity of lift control to enable the 

dolphins to meet exigencies caused by 
buoyancy changes. Therefore, although 
such control was postulated (6, 8) to 

support Scholander's hypothesis, this 

assumption also supports Hayes's ex- 

planation (9). 
HEENY S . H. YUEN 

U.S. Department of the Interior, 
Bureau of Commercial Fisheries 
Biological Laboratory, 
Honolulu, Hawaii 

References and Notes 

1. A. H. Woodcock, Nature 161, 602 (1948). 
2. , and A. F. McBride, J. Exptl. Biol. 

28, 215 (1951). 
3. W. D. Hayes, Nature 172, 1060 (1953). 
4. P. F. Scholander, Science 129, 1085 (1959). 
5. W. D. Hayes, ibid. 130, 1657 (1959). 
6. P. F. Scholander, ibid. 130, 1658 (1959). 
7. A. A. Fejer and R. H. Backus, Nature 188, 

700 (1960).. 
8. M. S. Gordon, Science 133, 204 (1961). 
9. I wish to thank R. A. Barkley for clarifying 

some points in hydrodynamics. This report is 
published by permission of the director, U.S. 
Bureau of Commercial Fisheries. 

1 May 1961 

SCIENCE, VOL. 134 1012 


	Cit r85_c115: 
	Cit r89_c119: 
	Cit r88_c118: 


