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Abstract

The remains of fish scales from two sediment cores taken in Clear Lake, California, have been used
to estimate the sizes of fish at various points in time over the last ~12,000 years. Since growth
rates of fish are primarily temperature-dependent, their patterns of growth constitute a valuable
climatic response record reflecting variations in temperature.

Introduction

The patterns of growth reconstructed from fish scales may provide sensitive climaric
response records, indicating fluctuations in temperature. Fish are poikilotherms and
their metabolic rates vary positively with the temperature of their environment. Their
vital processes are generally accelerated by warmer temperatures and decelerated by
cooler ones (Alexander, 1967; Lagler ¢t al., 1962), In temperate regions fish also un-
dergo seasonal fluctuations in growth rates. These seasonal pulses in growth are recorded
in bones and scales as annuli (Chugunova, 1959; Ovchynnyk, 1962; McKern et 4l., 1974)
(Fig. 1). Appropriate fish remains can be used to identify type of fish, to reconstruct
its size at the end of each year of growth, and, in situations in which dara are available
for a long period of time, to infer changes in temperature,

Methods

This method was first applied to the materials recovered from a series of eight sediment
cores taken from Clear Lake, California, by the U.S. Geological Survey (Sims, 1974).
Fish remains from two of these cores have been analyzed. The two cores (numbers 6
and 7) are from the Oaks and Highlands Arms of Clear Lake, respectively (Figure 2).
The total number of scale remains from the samples of these two cores is 1580. All
scales were mounted in glycerine jelly and identified. From this total approximately 85
percent were identified as belonging to Hysterocarpus traski Gibbons (Tule perch), an
embiotocid native to Clear Lake (Hopkirk, 1974; Casteel, 1972). The scales of this
species were then examined to determine which showed adequate annuli for growth
reconstructions. A total of 255 Tule perch scales from both cores were found to be suit-
able. The annuli were identified on these scales and measurements of the antero-lateral
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radius from the nucleus to each annulus were made (Fig. 1). The standard lengths (in
mm) of the fish at each annulus or year of growth were determined from these radial
measurements using the regression of standard length on scale radius established from
recent specimens of this species. Details of these procedures as well as the basic data
have been presented elsewhere (Casteel ¢ al., 1975, 1977, 1977).

NUCLEUS

Figure 1. Scale of Hysterocarpus traski Gibbons (Specimen 136-13) from Core 7 showing measure-
ment of antero-lateral radius to first (R;) and second (Ry) annuli (x20). Anterior field
of scale is to the viewer's left.

Results

Analysis of the fish scales from Core 7 indicated a period of depressed temperatures
between ~9000 and 10,000 BP followed by a relatively steady increase in temperature
which peaked between ~4000 and 2800 BP. The darta indicated a period of decreasing
temperature since ~2800 BP (Casteel ez al., 1977). The data from Core 6 indicated
the same pattern of temperature change over the last ~11,000 years. Results for the
last 3000 years, however, differed between age class 1 and age classes 2 and 3. The
former indicated a period of increasing temperature since ~1800 BP, whereas the latter
indicated rising temperatures between ~3000 and 1800 BP, followed by a steady and
marked decline in temperature (Casteel ez al, 1977).

Under the assumption that the records from these cores should be responding to the
same general climatic influences of increasing or decreasing temperature, the results of
the two independent studies have been combined. The mean standard lengths for each
slug from Cores 6 and 7 were plotted against the mean ages for these slugs as deter-
mined from estimates of the rates of sedimentation in the relevant Holocene parts of
each core. The data were partitioned according to age classes. Only the data for age
classes 1 through 3 were examined because those for age classes 4 through 6 were based
upon extremely small sample sizes and highly subject to random variations. Since these
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Figure 2. Map of Clear Lake, California, study area showing locations of Cores 6 and 7 in the Oaks
and Highlands Arms, respectively.

latter age classes constitute only 9 percent of the available data, their exclusion was
believed to be justified.

Figure 3 illustrates the result of combining the data from Cores 6 and 7. The general
pattern is one of increasing temperature in the North Coast Ranges from ~12,000 to
3000 BP, followed by a general decline in temperature toward the present. Although
this pattern is probably least apparent in age class 1 (Fig. 3A), a runs test indicates a
significant time trend in the data (a==.05) (Siegel, 1956). The mean standard lengths
for all three age classes were tested against their representative averages for the entire
~12,000-year period using a x? test and all were found to show significant non-random
patterning (a < .01).

Discussion and Conclusions

Data for age class 3 probably reflect best the climatic or temperature response record.
Here temperature is increasing between ~12,000 and 8000 BP. This pericd is followed
by a period of decreasing temperatures lasting until ~5000 BP. Temperatures then be-
gin to rise to their Holocene zenith between ~5000 and 3000 BP, after which they de-
cline toward the present.

While these results diverge somewhat from the general model of post-Pleistocene
temperature/precipitation change for western North America (Antevs, 1952, 1955;
Bryan and Gruhn, 1964), they match relatively well with more recent data concerning
the termination of the Altithermal and marked cooling since 1000 BP as determined
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Figure 3. Estimated size (standard length in mm) of Hysterocarpus
estimated mean standard lengths in mm: abscissa, mean age of samples in 14C years
BP. A, age class 1; B, age class 2; C, age class 3. Temperature change during this period
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is inferred to have followed a similar pattern.
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from studies of bristlecone pine in the White Mountains of California (LaMarche, 1973,
1974), as well as in Nevada (LaMarche and Mooney, 1967). The results are consistent
with those of Adam (1967) and Heusser (1960) and with estimates of the onset of
Neoglacial conditions in the Sierra Nevada and California generally by Porter and Den-
ton (1967). Generally, the time period from 2510 to 2760 BP has been seen as a time
of increased precipitation and/or decreased evaporation in the Northern hemisphere and
a major warming change is said to have occurred between 4230 and 4240 BP (Wend-
land and Bryson, 1974). These same authors also argue for a probable climatic change
between 5900 and 6050 BP (Wendland and Bryson, 1974; Denton and Karlén, 1973).
This finding coincides with the period of mid-Holocene temperature depression in-
dicated in Figure 3.

Finally, a recent study of Holocene changes in the water level of Lower Klamath
Lake, located approximately 320 km north-northeast of Clear Lake, has indicated periods
of high lake levels at 4200 to 6000 BP and 600 to 1000 BP, with low lake levels be-
tween 1000 and 4200 BP (Grayson, 1967a,b). These periods of high lake stands coincide
very well with periods of decreased temperature indicated in Figure 3. This relationship
is also true for the mid-Holocene period of low lake level and the high temperatures in-
dicated in Figure 3. Such an inverse relationship between temperature and precipitation
is characteristic of the Koppen-Geiger Csb climates with marked summer/dry and
winter/wet seasons (Strahler, 1965; Trewartha er al, 1967). This same pattern was
earlier proposed by Mastin (1963) with regard to increased Altithermal aridity in
California.

These results indicate that the use of fish scales may well provide a further means
of inferring temperature changes, thus allowing for a discussion of Holocene tem-
perature change without the need to consider both temperature and atmospheric moisture
simultaneously (Deevey and Flint, 1957).

Acknowledgments

We thank D. P. Adam, E. J. Helley, Jr., D. G. Herd, M. J. Rymer, J. D. Sims, and J. A.
Wolfe, US Geological Survey, Menlo Park, California, for assistance and advice in this
study. This work was partially supported by the U.S. Geological Survey, President’s Re-
search Grants 708-510 and 708-512, Simon Fraser University, and National Research
Council Grant A4234.

Literature Cited

Adam, D. P. 1967. Late-Pleistocene and recent palynology in the central Sierra Nevada, California.
Pp. 275-301 In E. ]J. Cushing and H. E. Wright, Jr. (eds.), Quaternary Palececology. Yale
University Press. New Haven. 433 pp.

Alexander, R. McN. 1967. Functional Design in Fishes. Hutchinson. London. 160 pp.

Antevs, E. 1952, Climatic history and the antiquity of man in California. University of California
Archaeological Survey, Report 16: 23-31.

. 1955. Geologic-climatic dating in the west. Amer. Antig. 29: 307-315.

Bryan, A. L., and R. Gruhn. 1964. Problems relating to the Neothermal climatic sequence. Amer.
Antiq. 29: 307-315.

Casteel, R. W. 1972. A key, based on scales, to the families of native California freshwater fishes.
Proc. Calif. Acad. Sci. 39: 75-86.

, D. P. Adam, and J. D. Sims. 1975. Fish remains from Cote 7, Clear Lake, Lake
County, California. U.S. Geol. Surv., Open File Rep. No. 75-173.

. , and . 1977. Late Pleistocene and Holocene remains of
Hysterocarpus traski (Tule perch) from Clear Lake, California, and inferred Holocene tem-
perature fluctuations. Quat. Res. 7: 133-143.

Holocene Temperature Changes in the North Coast Ranges of California 341



———, C. K. Beaver, D. P. Adam, and J. D. Sims. 1977. Fish remains from Core 6, Clear
Lake, Lake County, California. U.S. Geol. Sutv., Open File Rep. No. 77-639.

Chugunova, N. I. 1959. Age and Growth Studies in Fish: A Systematic Guide for Ichthyologists.
Akademiia Nauk. SSSR. Moscow. 132 pp.

Deevey, E. S, and R. F. Flint. 1957. Postglacial hypsithermal interval, Science 125: 182-184.

Denton, G. H., and W. Karlén. 1973. Holocene climatic variations—rcheir pattern and possible
cause. Quat. Res. 3: 155-205.

Grayson, D. K. 1976a. A note on the prehistoric avifauna of the Lower Klamath basin. The Auk
93: 830-833.

- 1976b. The Nightfire Island avifauna and the altithermal. Nevada Archaeological
Survey, Research Paper No. 8: 74-102.

Heusser, C. J. 1960. Late-Pleistocene environments of north Pacific North America. Amer, Geog.
Soc., Spec. Publ. No. 35,

Hopkirk, J. D. 1974. Endemism in Fishes of the Clear Lake Region of Central California. Univ.
Calif. Publ. Zool. 96.

Lagler, K. F,, ]J. E. Bardach, and R. R. Miller. 1962. Ichthyology. Wiley. New York. 545 pp.

LaMarche, V. C, Jr. 1973. Holocene climatic variations inferred from treeline fluctuations in the
White Mountains, California. Quat. Res. 3: 632-660.

, 1974. Paleoclimatic inferences from long tree-ring records. Science 183 1043-1048.
, and H. A. Mooney. 1967. Altithermal timberline advance in the western United
States. Nature 213: 980-982.

Martin, P. 8. 1963. The Last 10,000 Years. Uniy. Ariz. Press. Tucson. 87 pp.

McKern, J. L, H. F. Horton, and K. V. Koski. 1974. Development of steelhead trout (Salmo
gairdnerii) otoliths and their use for age analysis and for separating summer from winter
races and wild from hatchery stocks. J. Fish. Res. Bd, Canada 31: 1420-1426.

Ovchynnyk, M. M. 1962. The use of scales and bones for age determination of the Great Lakes
whitefish Coregonus clupeaformis clupeaformis (Mitchill). Zool. Anz. 169; 198-217.

Portet, S. C, and G. H. Denton. 1967. Chronology of neoglaciation in the North American
cordillera. Am. J. Sci. 265: 177-210.

Siegel, 8. 1956. Nonparametric Statistics. McGraw-Hill. New York. 312 pp.

8ims, J. D. 1974. Searching for prehistoric earthquakes in lake sediments. Earthquake Informa-
tion Bulletin 6: 3-9.

Strahler, A. N. 1965. Introduction to Physical Geography. Wiley. New York. 455 pp.

Trewartha, G. T., A. H. Robinson, and E. H. Hammond. 1967. Physical Elements of Geography.
McGraw-Hill. New York. 527 pp.

Wenciland, 4\W M., and R. A. Bryson. 1974. Dating climatic episodes of the Holocene. Quat. Res.

1 9-24.

Received March 31, 1977
Accepted for publication September 8, 1977

342 Casteel and Beaver



