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Approximately 10,000 years ago, the 
lowering of water levels in the Death 
Valley area of the western United States 
caused the isolation of populations of 
desert pupfish (genus Cyprinodon) into 
different habitats. A major question for 
evolutionary biologists concerns the ex- 
tent to which the several species and 
populations of pupfish (1, 2) have dif- 
ferentiated genetically (2, 3). Despite the 
morphological divergence among these 
fishes (2), investigators studying other 
aspects of pupfish biology (biochemistry, 
behavior, and physiology) have been un- 
able to demonstrate genetic differentia- 
tion among the populations (3). 

Of particular interest is the extent of 
differentiation in physiological toler- 
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ances. Pupfish habitats differ widely in 
temperature, salinity, and dissolved oxy- 
gen. For example, some populations in- 
habit springs with constant temper- 
atures, while others inhabit rivers with 
variable temperatures. This latter obser- 
vation led Brown and Feldmeth (4) to 
compare temperature tolerances of pup- 
fish inhabiting variable and constant en- 
vironments. They argued that natural se- 
lection should produce fish with reduced 
thermal tolerances in, constant springs, 
compared to those experiencing variable 
temperatures. They concluded, how- 
ever, that "there is no evidence of ge- 
netic differences in short-term thermal 
tolerances between any of the popu- 
lations tested." The fish they compared 
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were collected directly from the field, 
rather than raised in the laboratory in 
similar conditions from egg to adult. In 
addition, their methods of analysis could 
not have detected slight, but real, dif- 
ferences (5). 

In the course of experiments to eval- 
uate genetic differences between two 
subspecies of Cyprinodon nevadensis, 
C. n. mionectes and C. n. amargosae, 
we determined their physiological toler- 
ances to temperature and oxygen. These 
two populations inhabit very different 
environments: C. n. mionectes is found 
in Big Spring, a constant temperature 
(27.3?C) desert spring, while C. n. amar- 
gosae is found in the Amargosa River, 
which varies in temperature from near 
0? to 40?C. Populations of these two 

subspecies have been isolated for per- 
haps 400 to 5000 years (1, 6). We predi- 
cated that C. n. mionectes would show a 
narrower range of thermal tolerances 
than C. n. amargosae because of the 
lack of temperature fluctuations in Big 
Spring. In addition, we expected that C. 
n. mionectes would not tolerate oxygen 
levels as low as C. n. amargosae could 
because the latter must frequently face 

nearly anoxic conditions in the summer 
when flow in the river is reduced and the 
fish are isolated in side pools. 

All experiments were performed on 
fish that had spent their entire lives un- 
der identical conditions. Adults of both 
subspecies were collected in the field 
and acclimated to 27?C for 1 month be- 
fore eggs were collected. Ten males and 
50 females of each subspecies were the 
source of the fish tested. Offspring were 
isolated before hatching and maintained 
under identical conditions (temperature, 
water, and feeding regimes). Some ex- 
periments were performed on the F2 
offspring of these fish, also isolated and 
reared under identical conditions. Any 
differences persisting after one or two 
generations under identical conditions 
are considered to be genetically based. 
Hybrids between the F1 fish were avail- 
able for some tests. Hybrid intermediacy 
also may constitute evidence of genetic 
divergence of stocks (7). Several experi- 
ments were carried out to determine ox- 
ygen and temperature tolerances: 

1) For oxygen shock experiments (8), 
fish were transferred from their aquariums 
to tanks with oxygen levels at 1.00 or 
1.45 ppm, and time until loss of equilibri- 
um was recorded for each individual. 

2) For determining critical oxygen 
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Fig. 1. Mortality of individ- 
ual pupfish at low oxygen 
concentrations as a func- 
tion of time. Each point 
represents the time at 
which one fish lost equilib- 
rium. Solid circles, C. n. 
mionectes; open circles, C. 
n. amargosae. (The lines 
are drawn to aid discrimi- 
nation of points.) 
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fish of both subspecies (maintained at 
25? ? 1?C after hatching) were added to 
test aquariums at 8?C, and time until loss 
of equilibrium was recorded. In another 
set of similar experiments the water in 
test aquariums was 38?C. 

4) Critical thermal maxima and minima 
(I1) were determined for individual Fl 
fish (isolated from the egg stage; main- 
tained at 27? + 1?C) by heating or cool- 
ing the water and recording the temper- 
ature at death or loss of equilibrium. 

The median time to loss of equilibrium 
was substantially longer for C. n. amar- 
gosae than for C. n. mionectes at both 
low oxygen levels (Fig. 1; P < .005 for 
both, two-tailed W test) (12). At oxygen 
concentrations of 1.00 ppm, the mean time 
to loss of equilibrium was 4.03 minutes 
for C. n. mionectes, 8.76 minutes for hy- 
brids, and 9.09 minutes for C. n. amar- 
gosae. Critical oxygen minima were 1.52 
ppm for C. n. amargosae and 1.65 ppm 
for C. n. mionectes; hybrids again 
showed an intermediate value of 1.60 
ppm. 

The cold shock tests showed that C. n. 
amargosae survived significantly longer 
than C. n. mionectes (N = 20, P < .002; 
two-tailed W test of the median time of 
survival). Hybrids showed intermediate 
tolerances; the mean time to loss of equi- 
librium was 1.26 minutes for C. n. mio- 
nectes, 1.88 minutes for hybrids, and 
more than 3.68 minutes for C. n. amar- 
gosae. In the heat shock tests, eight of 
ten C. n. mionectes died within 6 min- 
utes, while two lived longer than 15 min- 
utes (at which point the experiments 
were terminated). None of ten C. n. 
amargosae died within 15 minutes. (Pro- 
portions different at P < .01; binominal 
confidence limits for proportions). Three 
of ten hybrids died within 15 minutes. 

Critical thermal maxima and minima 
of the two populations also differed (Fig. 
2) (P < .05, two-tailed W test). Since 
maxima and minima were run on the 
same fish, individual thermal ranges 
could be calculated. These also differed 

1000 

significantly (two-tailed W test, P < 
.001). 

The two populations have thus di- 
verged genetically since they have been 
isolated. The amount of differentiation is 
not great, however; acclimation temper- 
atures certainly play a more important 
role in determining their tolerances than 
do genetic differences. Nevertheless, the 
genetic differences could be important to 
fish under natural conditions. Suppose 
some C. n. mionectes found themselves 
washed into the Amargosa River, for ex- 
ample. Pupfish have frequently been ob- 
served swimming within 1? or 2?C of 
their incipient lethal temperature (1, 13); 
the reduced tolerances of C. n. mio- 
nectes could, therefore, lead to their 
elimination. Similarly, pupfish often re- 
spond to predators by diving into the low- 
oxygen-content mud of the river bottom 
(1). The ability to tolerate low oxygen 
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Fig. 2. Critical thermal maxima and minima 
(means + S.E.) for pupfish, reared at 27?C. 
Open symbols, C. n. amargosae (N = 23); 
closed symbols, C. n. mionectes (N = 12). 
Values adjacent to vertical lines are average 
thermal ranges of individual pupfish. 

levels for 10 minutes rather than 5 might 
be critical to an individual in such cir- 
cumstances. 

Shrode and Gerking have shown that 
the thermal tolerance limits for oogene- 
sis and egg development of pupfish are 
much narrower than those for adult sur- 
vival (14). They predicted that, for a va- 
riety of species, reproductive limits 
should be approximately one-seventh of 
the critical thermal range, implying that 
fishes with narrower critical thermal tol- 
erances should also show narrow repro- 
ductive tolerances. If this is true, then C. 
n. mionectes might well have a further 
disadvantage in the thermally variable 
Amargosa River. 

The results support the hypothesis 
that organisms from constant habitats 
should show reduced ability to deal with 
environmental variability, and that such 
evolutionary changes can take place rel- 
atively rapidly. Powers et al. (15) have 
demonstrated that differences in lactate 
dehydrogenase allozymes in Fundulus 
heteroclitus (a closely related fish) af- 
fected oxygen saturation curves for he- 
moglobin, and presumably oxygen toler- 
ances as well. Such results suggest that 
the evolution of physiological tolerance 
differences may not be as unlikely as has 
been thought in the past (3, 4). 
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responds to very small changes in am- 
bient temperature. This tone is main- 
tained as long as stretch is applied and is 
independent of both the sympathetic in- 
nervation and known endogenous vaso- 
active autacoids (1). We hypothesize 
that the temperature-sensitive changes in 
tone that occur in this restricted vascular 
segment are responsible for influencing 
the direction of venous return from the 
nose, either allowing cooled venous 
blood to course through the facial vein 
en route to the external jugular vein 
or shunting the flow of blood through 
deep cranial sinuses. These tempera- 
ture-induced changes in venous flow 
assist in maintaining brain homothermia. 

The right and left facial veins of New 
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The right and left facial veins of New 

Zealand White rabbits (2.0 to 2.6 kg) 
were excised distal to their confluence 
with the deep facial vein. Two cleaned 4- 
mm rings were prepared from each vein 
and set up in tissue baths so that changes 
in vessel contractility could be recorded 
(2). They were equilibrated for 1 hour 
(without tension) in a modified Krebs 
physiological saline solution of the fol- 
lowing millimolar composition: Na+, 
144.2; K+, 4.9; Ca2+, 1.6; Mg2+, 1.2; Cl-, 
126.7; HC03-, 25; SO42-, 1.19; glucose, 
11.1; and ethylenediaminetetraacetic 
acid, 0.024, bubbled with 95 percent 02 
and 5 percent CO2. Water circulated 
from a heated reservoir around the tissue 
bath to maintain temperature normally at 
37.5?C. Tissues were washed every 15 
minutes during this equilibrium. After 1 
hour, rings were stretched so that ap- 
proximately 0.5 g of tension was applied 
to the vessel wall. The resulting devel- 
oped tone was quantified by measuring 
the extent of relaxation following the ad- 
dition of sodium nitrite (5 x 10-2M) (Fig. 
1A). The temperature of the Krebs saline 
solution was increased or decreased by 
1?C intervals by adjusting the temper- 
ature of the reservoir. Bath temperature 
was monitored by a thermistor probe 
(Yellow Springs Instrument model 421) 
suspended in the tissue bath and con- 
nected to a telethermometer bridge 
(Y.S.I. model 425c). The amount of tone 
recorded with each change in temper- 
ature was expressed as a percentage of 
the maximum tension produced by exog- 
enously added histamine at 37.5?C (3). 

Figure IA illustrates changes in in- 
trinsic tone that occur in response to 
small changes in bath temperature; the 
relationship between the equilibrium lev- 
el of tone and bath temperature is shown 
in Fig. lB. A fall of only 1IC from the 
control level of 37.5?C reduced the level 
of tone by 50 percent; a rise of 1?C 
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Fig. 1. (A) Typical in vitro ten- 0.7 - A 
sion recording of a rabbit fa- 10oo - B 

tained tone develops after the \ / 80 - 
vein is stretched, but de- /0 
creases if the tissue bath tem- 0 t , 60 / 
perature (middle trace) falls by Stretch N aN02 

1?C (a). There is a correspond- e 3745 E 
ing increase in the decline of ? 36.5 ad /0 x 20- Q. X 20 
tone if the ambient temper- E 35.5 b - /C 

o 0.5 / 

ature falls faster (b). Tone c 5 min - 

returns to control levels as ~ 0.7 - 
the temperature readjusts to 5 33 35 37 39 41 43 45 
37.5?C (c). There is a revers- n 
ible doubling of the level of NE Bath temperature (?C) 
tone accompanying a 1?C rise o 
in ambient temperature (d). 
The total amount of developed tone is indicated by the addition of a maximal dose of sodium nitrite. Venous segments distal to the facial vein 
sphincter failed to show this temperature sensitivity when tone was induced by the addition of/-norepinephrine (10-7M) (bottom trace). (B) Tone 
present in control (X) and sodium nitrite-treated (5 x 10-2M) (0) facial vein rings in a 120C range of ambient temperature, expressed as a 
percentage of the maximal contraction elicited by histamine at 37.5?C. Data points are means ? standard errors for the control curve. 
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Temperature Sensitivity of Tone in the Rabbit Facial Vein: 

Myogenic Mechanism for Cranial Thermoregulation? 

Abstract. Intrinsic myogenic tone in the buccal segment of the rabbit facial vein is 
exquisitely sensitive to small changes in temperature in the range 33? to 44?C. This 
particular venous segment also exhibits a preponderance of f-adrenergic receptors 
and receives a dense, medial sympathetic innervation. This area of the vein is pro- 
posed to act as a temperature-sensitive sphincter that distributes cooled nasal 
venous blood between superficial and deep venous drainage systems in the head and 
neck. Deviation of cool blood to deeper venous sinuses has been shown to be an 

Temperature Sensitivity of Tone in the Rabbit Facial Vein: 

Myogenic Mechanism for Cranial Thermoregulation? 

Abstract. Intrinsic myogenic tone in the buccal segment of the rabbit facial vein is 
exquisitely sensitive to small changes in temperature in the range 33? to 44?C. This 
particular venous segment also exhibits a preponderance of f-adrenergic receptors 
and receives a dense, medial sympathetic innervation. This area of the vein is pro- 
posed to act as a temperature-sensitive sphincter that distributes cooled nasal 
venous blood between superficial and deep venous drainage systems in the head and 
neck. Deviation of cool blood to deeper venous sinuses has been shown to be an 


	Article Contents
	p.999
	p.1000
	p.1001

	Issue Table of Contents
	Science, Vol. 207, No. 4434, Feb. 29, 1980
	Front Matter [pp.929-938]
	Letters
	History of Science: Perceptions [pp.934-935]
	Occupational Lead Exposure and Cancer [pp.935-936]

	The Oil Price Spiral [p.937]
	A Simple Description of the 3 K Cosmic Microwave Background [pp.939-942]
	Modeling the Climatic Response to Orbital Variations [pp.943-953]
	DNA Gyrase and the Supercoiling of DNA [pp.953-960]
	News and Comment
	MX Faces Stiff Political Test in Nevada [pp.961-965]
	Museum and Patron at Odds over Sub [p.964]
	Congress Moves to Relax Curbs on CIA [pp.965-966]

	Briefing
	Hazardous Wastes Cause International Stink [pp.962-963]
	Science Groups Consider a Soviet Boycott [p.963]
	EPA Receives First Prod on Toxic Substances [p.963]

	Research News
	Testing for Cancer Risk [pp.967-969]
	Genes and Cancer: The Story of Wilms Tumor [pp.970-971]

	Book Reviews
	Research Tool [p.972]
	The Chemistry of Coevolution [pp.973-974]
	Diamonds [p.974]
	Roots [pp.974-975]

	Reports
	Hektor: The Largest Highly Elongated Asteroid [pp.976-977]
	Electron Spin Resonance Dating of Animal and Human Bones [pp.977-979]
	Isotopic Disequilibrium of Uranium: Alpha-Recoil Damage and Preferential Solution Effects [pp.979-981]
	Viscous Flow Circulation of the Solar Wind behind Venus [pp.981-983]
	Nutrient and Oxygen Redistribution during a Spring Neap Tidal Cycle in a Temperature Estuary [pp.983-985]
	Inhibition of Cellular Proliferation of Imaginal Epidermal Cells by Diflubenzuron in Pupae of the Stable Fly [pp.985-987]
	Phosphorus Sources for Aquatic Weeds: Water or Sediments? [pp.987-989]
	Carbon Dioxide Sensitivity in Mosquitoes Infected with Sigma, Vesicular Stomatitis, and Other Rhabdoviruses [pp.989-991]
	Elevated Superoxide Dismutase in Black Alcoholics [pp.991-993]
	Tooth Induction in Chick Epithelium: Expression of Quiescent Genes for Enamel Synthesis [pp.993-995]
	Tissue Specificity of Enzyme Expression Regulated by Diffusible Factors: Evidence in Drosophila Hybrids [pp.995-997]
	Chronic Arthritis in Goats Caused by a Retrovirus [pp.997-999]
	Genetic Differences in Physiological Tolerances of Amargosa Pupfish (Cyprinodon nevadensis) Populations [pp.999-1001]
	Temperature Sensitivity of Tone in the Rabbit Facial Vein: Myogenic Mechanism for Cranial Thermoregulation? [pp.1001-1002]
	High-Frequency Sensitivity in Infants [pp.1003-1004]
	Shark Skin and Locomotion [pp.1004-1005]
	Lateralized Cognitive Processes and the Electroencephalogram [pp.1005-1007]
	Differential Killing of Normal and Cystic Fibrosis Fibroblasts by Dexamethasone [pp.1007-1008]
	Clomid Administration in Rats [p.1008]

	Back Matter [pp.975-1020]





