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 Each species of animal has a range of tolerance to temperature
 and other environmental factors. However, within some species
 there is both genetic and individual variation, and tolerance may
 vary according to season, stage of life cycle, and other factors. Ecto-
 thermal animals normally are exposed to wide ranges of tempera-
 ture in their daily and annual cycles. Developmental stages may be
 more vulnerable than adults (Moore, 1949:325) and their sensitivi-
 ties may limit local occurrence or geographic ranges. In an attempt
 to determine whether limits of tolerance to temperature in the early
 stages of development have important effects on the range limits of
 skinks, and whether closely related species differ from each other in
 their embryonic tolerances according to the trends of climates
 where they occur, several experiments were performed on skinks'
 eggs with their developing embryos.

 In June and July, 1963, tests were made of the temperature toler-
 ances of the embryos of the Great Plains skink (Eumeces obsoletus).
 The female skinks normally guard their eggs throughout incubation,
 but in my experiments the frequent disturbance usually resulted in
 early desertion. When nests were deserted, the eggs were transferred
 to clean milk cartons and folded in damp paper towels. The waxed
 cartons were not sealed but were kept closed so that there was little
 circulation of air and the eggs remained moist. Each egg was
 marked with ink identifying it individually and as a member of its
 clutch. For each experiment a pair of normal-appearing (nondesic-
 cated) eggs was used, usually from the same clutch. At the mini-
 mum of a half hour after experimental exposure to high or low tem-
 perature, both eggs used in the experiment were slit open and their
 contents emptied into a small dish in normal saline solution. They
 were examined for embryonic heartbeat under 30-power magnifica-
 tion with a dissecting microscope. If no heartbeat could be dis-
 cerned, the embryo was considered dead. The embryos were pre-
 served in 95% alcohol after removal from the eggs, but were not
 measured until approximately 6 weeks after preservation and by
 then some shrinkage probably had occurred.

 To determine the tolerance thresholds, a target temperature was
 selected for each test, but there was always some fluctuation in tem-
 peratures of the medium during the tests. In early tests, eggs were
 buried in loose, damp soil in a plastic bag with a rubber band
 around the top and a Schultheis quick-reading thermometer em-
 bedded in the soil beside the eggs. Depending upon the type of
 test desired, the bag was then placed in sunshine or in a refrigerator.
 Generally it was impossible to maintain the temperature within a
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 TABLE 1.-Temperature tolerance experiments with the eggs of Eumeces
 obsoletus.

 Results
 Clutch Date of Total length Temperature Remarks
 ber in mm. Died vived

 2 July 8 57 39.8-41.8 x

 3 if ,, 35 x

 3 July 15 45 41.0-41.2 x
 3 45 x

 4 July 21 57 41.8-42.3 x
 4 51 x

 1 June 28 30 40.0-44.0 x
 1 33 x

 3 July 13 45 40.0-45.5 x Reached 45.50C. only
 3 40 x momentarily

 3 July 17 52 42.4-43.6 x
 3 52 x

 4 July 22 53 42.7-43.4 x
 4 53 x

 2 July 3 58 42.6-46.0 x
 2 58 x

 4 July 25 60 -1.0--2.1 x
 4 61 x

 3 July 18 50 -2.0 x
 3 55 x

 4 July 23 51 -3.5- -1.2 x Exposure of 24 min-
 4 57 x utes

 3 July 9 35 -2.0--4.0 x
 4 30 x

 4 July 24 62 -2.1--2.4 x
 4 55 x

 4 July 24 63 -2.4--3.1 x
 4 63 x

 1 June 28 33 -2.0- -4.0 x
 1 32 x

 2 July 6 61 0--5.0 x
 2 61 x

 3 July 18 55 -3.0 x
 3 54 x

 3 July 17 46 -2.0--10.0 x Exposure approxi-
 3 57 x mately 3 hours
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 range as narrow as 2?C. Also, it was impossible to keep both the
 eggs at exactly the same distance from the sides of the plastic bag;
 therefore, their heating was not always exactly the same. Dry ice
 was used in one test, but the range of fluctuation was still fairly
 large. In the later tests far better results were obtained by burying
 the eggs in loose soil in a small aluminum can. For the tests at high
 temperatures the container was placed on a coarse screen set on legs.
 A gooseneck lamp was placed below the wire, and another was ad-
 justed above the can. Generally, the temperature could be main-
 tained without much variation; if it became too high, the can could
 be quickly dipped into a nearby container of cool water. Through-
 out the test, the temperature was constantly kept under observa-
 tion. For the later low-temperature tests, the can was placed in a
 constant-temperature room with an adjustable thermostat. The soil
 was cooled until it became stable at the level desired, and the eggs
 were then buried in the soil. Unless otherwise noted (Table 1) all
 exposures were of 30 minutes duration. In several tests results were
 not wholly conclusive because one of the embryos was killed and
 the other survived. The possibility that one was already dead at
 the start of the experiment is remote because the healthiest appear-
 ing eggs were chosen for experimentation. None of the eggs opened
 was infertile, and there was no known mortality of embryos in the
 incubating eggs except in those noticeably shriveled by growth of
 mold or desiccation. In most instances of experiments in which one
 embryo was killed and another survived, the temperature approxi-
 mated the tolerance limits indicated for the species (refer to Table 1).

 The incubation period of Eumeces obsoletus in natural nests is
 probably about 7 weeks (Fitch, 1955:81), but high temperature
 hastens development and low temperature delays it. Exact ages of
 the embryos used were not known; however, their relative ages
 could be inferred from their lengths and the extent to which their
 patterns were developed.

 Table 1 indicates that maximum tolerance of the embryos of
 Eumeces obsoletus of all stages tested was between 42.4?C. and
 43?C. and the minimum was between -3?C. and -50C. The critical
 thermal maximum of two adult Eumeces obsoletus tested was found
 to be approximately 43?C. and that of two hatchlings was found to
 be in the range 42.60C. to 42.80C. Hatchlings tolerated temperatures
 between - 1?C. and -2.1?C. for half an hour. Hence, for this species,
 the stage of development seemingly has little or no effect on tem-
 perature tolerance.

 Scanty data obtained for Eumeces fasciatus suggest that the
 maximum tolerance of its embryos is about 42?C. and the minimum

 tolerance might be approximately the same as that of Eumeces
 obsoletus or a little lower (see Table 2). Hatchlings can definitely
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 TABLE 2.-Temperature tolerance experiments with the eggs of Eumeces fas-
 ciatus (all within 1 to 3 days of hatching).

 Clutch Temperature Results
 number (?C.) Died Survived

 1 42.6-46.0 x
 1 x
 1 39.8-41.8 x
 2 x
 3 -2.0---4.0 x
 1 x

 tolerate temperatures between -1?C. and -2.1?C. for half an hour.
 Because markedly different climates prevail in the geographic
 ranges of these two species, differences between them in tempera-
 ture tolerance might be expected. However, my experiments indi-
 cate that if such differences exist at all they are small.

 On several occasions, even eggs that were much shriveled from
 desiccation were found to contain living embryos capable of pro-
 ducing normal hatchlings. Therefore, although the eggs normally
 increase in size by absorption of moisture throughout their incuba-
 tion, the weight of an egg cannot be used for an accurate indication
 of its age. An egg nearly ready to hatch but much desiccated may
 weigh little more than one newly laid.

 Perhaps the only significant difference between tolerances of
 embryos and adults is that the embryos can tolerate extreme tem-
 peratures for longer periods. The stage of development of the em-
 bryo has no effect, or very little effect, on its temperature tolerance.
 In their developmental stages Eumeces obsoletus and E. fasciatus
 are much alike in ranges of tolerance. Perhaps E. obsoletus is slightly
 more tolerant of heat and perhaps E. fasciattus is slightly more
 tolerant of cold, but if so, the differences are minute and more re-
 fined tests will be necessary to demonstrate them conclusively.

 I wish to thank Dr. Michael J. Maher who provided many of the
 skink eggs used in these experiments, and my father, Dr. Henry S.
 Fitch, who critically read this manuscript and made a number of
 helpful suggestions during the course of my experiments.
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