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nerican eel bladder wall. This volume must be re- 
llow fresh- placed in order to maintain the energetic 
nents to its advantage for horizontal swimming im- 
ither Sar- parted by neutral buoyancy (6). 
s exceeding I measured gas deposition rates in yel- 
on offshore, low (premetamorphic) and silver (post- 
amorphosis metamorphic) eel swim bladders and cal- 
ions in in- culated the maximum depths at which 
the visual their volume can be maintained. Eigh- 

swim blad- teen yellow eels and 22 migrating silver 
sformations eels, trapped in fresh and brackish water 
y are most in Rhode Island during the fall of 1978, 
ounced in- were gradually adapted to seawater and 
ration. The kept for 2 to 8 weeks before analysis. De- 
i capillaries termination of metamorphic phase was 
se in length based on integument pigmentation and 
linal diame- retial capillary length (in yellow eels 
ed counter- < 2.5 mm; in silver eels > 4.5 mm). 
by over 300 Methodology included preliminary 
ease in the surgical procedures to evacuate gas from 
)f the swim the swim bladder and pneumatic duct, 
ve gas loss followed by isolation of the gas-gener- 
east 15 per- ating region from the gas-reabsorbing 
luction, dif- pneumatic duct (7). Evacuation stimulat- 
h depth be- ed the eel to initiate gas deposition. The 
partial-pres- rate of deposition was determined in- 
s the swim directly as the change in buoyant mass of 

the eel over a test period during which it 
was allowed to swim freely in a blacked- 
out 150-liter aquarium (8). For every 

,f cubic centimeter of gas generated, 
buoyant mass decreased 1.07 g (9). 

Swim bladder gas deposition rates of 
silver eels average about five times those 
of equivalently sized yellow eels (Fig. 1). 
The linear relation between gas deposi- 
tion rate and eel length is due to the elon- 

o .. gated configuration of the body and swim 
.o-- o' bladder. Yellow eels less than 430 mm 

long were not tested because it was im- 
possible to pass a ligature beneath their 

600 700 short retia mirabilia. Gas deposition 
rates of yellow A. rostrata are within the 

is deposition range reported for A. anguilla (10). v and silver Swim bladder gases collected from ten ons for the 
yellow eels silver eels immediately after the test pe- 
7); for silver riod were analyzed (ii) and found to 
= .957). contain 83 to 90 percent oxygen (mean, 
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86 percent), 7 to 13 percent carbon diox- 
ide (mean, 10 percent), and 3 to 5 percent 
nitrogen (mean, 4 percent). The carbon 
dioxide fraction is slightly higher than 
the average value (7 percent) reported 
for A. anguilla (12). 

The higher gas deposition rate in silver 
eels may result from a number of mor- 
phological and physiological transforma- 
tions during metamorphosis. Gases de- 
posited into the swim bladder are re- 
leased from blood circulating through the 
vascular loop between the retia mirabilia 
and the acid secretory cells of the swim 
bladder parenchyma (13). An increase in 
the volume of blood flowing into this sys- 
tem increases the amount of gas avail- 
able for deposition. Comparative mea- 
surements are not available for blood 
flow rates through the retia mirabilia of 
yellow and silver eels during gas deposi- 
tion. However, the increase in luminal 
diameter of the retial capillaries during 
metamorphosis should permit an in- 
crease in total blood flow, making more 
gas available for deposition. Metamor- 
phic increase in retial capillary length 
should contribute to maintenance of 
countercurrent function at higher rates 
of blood flow. Also, the amount of gas 
available for deposition can be increased 
by an elevation in hematocrit. In A. an- 
guilla, hematocrit increases from 26.5 per- 
cent in yellow eels to 36.4 percent in sil- 
ver eels (14). Because both species un- 
dergo nearly identical transformations 
during metamorphosis (2-4, 15), it is 
likely that A. rostrata also develops an 
elevated hematocrit. 

The rate of diffusive gas loss by the 
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volume can be maintained. It is assumed that 
the number of moles of gas generated per unit 
of time remains constant with increasing 
depth. 
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swim bladder increases linearly with hy- 
drostatic pressure (5), whereas the vol- 
ume of gas deposited by the swim blad- 
der decreases hyperbolically relative to 
increasing hydrostatic pressure (16). The 
maximum hydrostatic pressure for main- 
tenance of swim bladder volume may be 
derived by integration of linear and hy- 
perbolic models (Fig. 2). The hydrostatic 
pressure at which a 545-mm yellow eel 
can just maintain its swim bladder vol- 
ume is 6.8 atm (58 m). A 545-mm silver 
eel can maintain its swim bladder volume 
to a pressure of 15.9 atm (149 m). Thus 
the elevated rate of gas deposition and 
the reduced rate of diffusive gas loss in 
silver eels may extend the depth at which 
the volume of their swim bladders is 
maintained by at least 91 m. 

The silver eels examined in this study 
would not be able to maintain an inflated 
swim bladder to a depth of 2000 m. How- 
ever, silver eels collected during down- 
stream migration close to the coast in 
Rhode Island are not fully mature (17). 
There probably is further modification in 
swim bladder morphology and physiolo- 
gy during the oceanic phase of the 
spawning migration. 

ROBERT C. KLECKNER 
Migratory Fish Research Institute 
and Department of Zoology, 
University of Maine, Orono 04469 
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545-mm eels are as follows: for the yellow eel, 
V = -0.26 x 10-2 + 1.32 x 10-2 p;, for the 
silver eel, V = -0.21 x 10-2 + 1.10 x 10-2 p. 
These equations are based on gas diffusion mea- 
surements reported in (5). The hyperbolic equa- 
tions follow the form V2 = V1/P2, where the rate 
of gas deposition at depth (V2) is a function of 
the deposition rate at 1 atm (V,) divided by the 
hydrostatic pressure at depth (p2); V, may be 
calculated for 545-mm yellow and silver eels 
from regression equations listed in Fig. 1. 
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Loss of Division Potential in Culture: Aging or Differentiation? Loss of Division Potential in Culture: Aging or Differentiation? 

Bell et al. (1) have suggested that fi- 
broblasts that exhibit a finite life-span in 
culture stop dividing as a process of fur- 
ther differentiation (1). We do not dis- 

pute Bell et al.'s cell lineage data but we 
do disagree with their interpretation. The 
cause of the cessation of division of cul- 
tured fibroblasts is most probably not 
further differentiation. 

The life history of human fibroblasts in 
culture closely resembles that of both 
bovine fibroblasts and bovine adrenocor- 
tical cells. All demonstrate a phase 2 of 

exponential growth followed by a phase 
3 of slowed growth with total life-spans 
in the range of 40 to 100 population dou- 
blings (2, 3). Adrenocortical cells, how- 
ever, have the advantage that their dif- 
ferentiated function, the synthesis and 
secretion of adrenocortical steroids, is 
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ferentiated function is a loss of the de- 
pendence of collagen proline hydroxyl- 
ation on the presence of ascorbic acid (4). 
The other changes mainly involve the 
catabolic system of the cell (lysosomes, 
for example). Although other ex- 
planations are certainly possible, such 
changes may result from adaptation of 
the cell to accumulated senescent dam- 
age or errors but are not normally asso- 
ciated with differentiation. The fact that 
cells that have stopped dividing are large 
and less motile probably reflects the ces- 
sation of nuclear replication which de- 
fines phase 3, since cells hypertrophy 
when DNA synthesis ceases. Changes in 
the pattern of proteins synthesized by 
terminal fibroblasts are very minor (5). 
When certain cell types-both normal 
and neoplastic-are induced to undergo 
terminal differentiation (as opposed to 
reaching phase 3 in culture), the change in 
the pattern of synthesized proteins is 
clear and dramatic. 

One alternative concept is that the dif- 
ferences between early and late passage 
fibroblasts result from cellular senes- 
cence (sublethal damage or errors pro- 
gressively accumulated during the life- 
span which lead first to a cessation of nu- 
clear replication with lesser effects on 
other cellular processes). There may be 
an element of randomness in the occur- 
rence of or sensitivity to such damage, 
leading to variability in the time required 
for individual cells to acquire sufficient 
damage to inhibit replication. Sister cells 
may receive unequal burdens of dam- 
aged cellular components, leading to var- 
iability in subsequent interdivision times 
as shown by Bell et al. (1). 

We agree with Bell et al. that when 
cultured cells leave the cell cycle per- 
manently they may have passed through 
widely varying numbers of divisions 
even though the population as a whole 
does demonstrate a reproducible limit of 
cell doublings (2). We agree also that the 
relationship between life-span of the ani- 
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