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There :is evidence to rugge:,t that the primary productivity of Yellowstone Lake 
may have decreased during the last 1500 years, with an acCelerated decline in 
the last 100 years. Shero and Parker- (1977) analyzed diatom frustules preserved 
in lake sediments and desr..ribed a gradual decreas= in ooth numbers and volume 
of .Erustul.es over the past 1500 year.s, although species composition has remai>'led 
ceJativ~~y constant. Varley (1974, and personal communication> compared 

· chemical analyses of lake water made i'1 1884 with recent analyses and found 
1o wer concentrations of several elements in the recent samples. He a1so notes 
that ea:dy visitors at the Lake Hotel often oomplained about the offensive smell 
of rotting "sea weed" piled 3-4 feet deep on the beach, whereas only scattere:l 
macrophyte detritus can be found on the lake shore today. 

tilost oligotrophic .lakes appear to become more eutrophic ·with time (Lindemann · 
1942), so a progressive decline in the productivity of Yellowstone Lake leads to 
the question oE why this lake shows a different pattern. The apparent drop in 
productivity aJso has important management implications, since y ellDwstone 
Lake rupports one of the last ·remaining populations of the native cutthroat 
trout (Sa.lmo clarkill which once .inhabited many of the mountain streams and 
lakes in this region. The trout .in turn rupport a complex food web including 
otters, p:'....licans, eag1e.c.;, ospreys, and bears. Yellowstone Lake is regarded as 
unpolluted, and most of its watershed is wilderne3S. Nevertheless, human 
activities such as fire ruppressi.on and removal of trout through SI_X)rt. fishing 
may have had s1btle effects on the nutrient budget o.f the lake, and may have 
contributed to the apparent sharp drop in productivity during the last century. 

Thus, our research has three obj?ctives: 

1. As.semble, summarize, and evaluate existing data and observations 
related to the pclli"t and present trophic status of .Yellowstone Lake; 

2. Identify all possible exp1anations for the observed pattenlS in lake 
productivity, both long-term Oast 1500 year-s) and recent (last 100 
years), and rum mati.ze and evaluate ex:6-ti.ng evidence to rupport or 
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refute each proposed explanation; and 

3. Collect new data to test one attractive hypothesis that has been 
mentioned frequently but never examined closely, namely that changes in 
the nutrient status and productivity of the lake are related, at least in 
part, to the effects of large fires i'1 the watershed (Varley 1974, Rom me 
and Knight 1982). 

Methods 

To 1Dcate and assemble all exi:,~g data on the pJXXluctivity and nutrient 
cycling of YellDwstone r.Jake, we reviewed documents and records in the library 
at Mammoth Hot Springs and examined unpublished data and observations in files 
mai.l'1tained by the U.s. Fish and Wildlife Service. The staff of the Fish and 
Wildlife Service have been making det:ailed watec chemistry analyses in several 
different parts of Yellowstone Lake since 1976, maintaining the data in 
comput er files. They are now m the process of summarizing these measurements 
from the last 7 years to provide a baseline description of the Jake's present 
conditions and the magnitude of yeady and ooasonal variations in water 
chemistry. This summary will be included in our final report, and we gr-atefully 
acknowledge the as3:6-tance of the Fish and Wildlife Service staff in this matter. 
We have also obtained data on the chemistry of precipitation in Yellowstone 
National Park from the National Atmospheric Deposition Program, to evaluate 
the possible impact of regional air po.llntion (particulady acidic deposition) on 
YelJowstone Lake. 

To identify and eva1uate possible explanations for the changes in Yellowstone 
Lake, we conducted a computerized bibliographic 92arch with the asr-~istance of 
the University of Wyoming library. The search uncovered several hundre:i 
references t:x> studies of productivity and nutrient cycling in temperate lakes 
around the wor1d. We also talked v-1ith Jimnologb-ts and pa.l.eo-ecok>gist.s at the 
annual meetings of the Ecological Society of America and the American 
Institute of Biological Sciences m August, 1982. 

To test the hypothesis that documented change3 m the productivity and nutc.ient 
concentrations of Y eTiowstone Lake are related to the effectc; oE Jarge focf-~t 
.fues, we reconstr:ucted fire history in the watershed of ·west Thumb. ~or this 
work we collected sections from fire-scarred trees and i.ncr·:=ment cocs from 
even-aged lodgepole pine forests of fire origin (Hein~man 1973, Arno and 
Sneck 1977, Romme 1982). Using these data and a for.e,t cover map prepared by 
Don G. Despair1, Ye.IIDwstone Park Bio]og:i::,"t, we will. construct a Eire history 
map showing the present age and Sicce3Sional stage of all homogeneous focest 
units. We will then reconstruct past vegetation mosiacs in tJ1e watershed 
(Romme 1982). By comparing ~ttecns in the diatoms preserved in the sediments 
of the South Arm (Shero and Parker 1977) and our reconbtruct.ed patterns in fire 
history and vegetational cornpooition of the watershed, we expect to detect the 
connections, if any, between large fires and phytoplankton productivity. 
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Results 

We hav:~ not yet completed our analyses, so only some pn:1liminary results can 
be reported at this time. We expect to complete our final rerx>rt during the 
spring and SJ.mmer of 1983. ll:. will be necessary to make one more brief trip to 
Yellowstone Park to coJJect additional fire history data f:rom a remote portion 
of tbe watershed of the South Arm. All other necessary data were obtained 
during the field season of 1982. 

We found evidence of at least eleven fires in the watershed of the South Arm 
during the last 400 years (Table 1). The largest was the fire of ca. 1750, which 
covered ca. 4300 ha. This area actually may have been burned by two or more 
smaller fires at short intervals between 1740 and 1770. To determine whether 
the extensive even-aged forests covering this large area resuli:ed from one very 
large fire or from several smaller fires at short intervals wouJd require 
intensive searching for fire-"".-:earred relict trees, which are not common in this 
area. For the purposes of the present study, however, such a distinction 
probably is not critical; the significant facts are that mab.lre forest'3 in ca. 36% 
of the watershed were replaced by ead.y successional stages in the mid-1700's, 
and that a disturbance of comparable magnitude has not occurred since then in 
this area. 

When fire l'llstory is compared to historical patterns in diatom abundance, few 
obvious correlations are apparent (Table 2) • .A peak in diatoms in the late 1800's 
does coincide with fires covering ca. 10% of the watershed i11 ca. 1870 and 
1879. However, there was another peak in diatoms in the e.::trly 1800's when only 
2% of the ~vatershed burned, and a Jow point in diatoms in the ear:ly 1900's 
when 3% of t.he watershed burne.d. Unfortunately, the regment.s of the sediment 
core analyzed by Shero and Parker (1977) did not include the period around 
1750, when the Jargest fire occurred, so we cannot determine its effects on the 
phytopJanktt.')n .. 

The analysis presented above is preliminary only, so no firm conclusions can be 
dra·wn at this time.. The effects . of pabt fires may be obscured by the fact that 
the South Arm is very large and the sediment core e.x:a mi.11ed by Shero and 
Parker (1977) came from its center, hundr-eds of meters from the nearest shore. 
Nutdents entering the lake .in runoff probably would be absorbed very rapidly by 
plankton near the shoreline, and might never reach the middle of the lake. On 
two occa~ns in 1982 we observed apparent plankton b1Doms at the mouths of 
iril.et stream.~, while the waters in most of the lake were as clear as usuaL :n: 
may be signiE.i.cant that the fires of ca. 1870 and 1879, which were associated 
with an increase in diatoms, occurred on the we,t shore of the South Arm 
directly adjacent to the site of the sediment core. Thus, the sediment cores may 
reflect only relatively local changes and may not be representative of the lake 
as a whole, or even of one entire arm of the lake. However, all of these ideas 
are tentative at present. 

Conclusions 

Our ana1:jses are not yet complete enough to draw any conclusions at t-his time. 
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Table 1. Preliminar-y fire hlstory in the 12,000-ha wate.r:shed of the South Arm 
of Yellows+-...one Lake. Fire sizes are EStimates based on E.ie1d notes 
and forest cover maps; they will be refined and probably modified 
somewhat when additional analyses are completed. Some o.E the 
fires al$o burned m areas outside of the watershed, so their total size 
is larger than that reported here. 

FIRE DA 'rE FIRE SIZE (H A) %OF WA(fERSHED A REA 

1981 500 5 

1976 600 5 

1953 50 <1 

1940 500 4 

1931 500 4 

1910 300 3 

1879 900 8 

ca 1870 200 2 

ca 1810 200 2 

ca 1750 4,300 36 

ca 1680 500 4 

pre-1680 a 3,250 a 26a 

a No evidence of fire in the last 400 years. 
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·Table 2.. Fire hi.::,-tory and historical patterns of diatom abundance .in s=d.iments 
of the South A.rm of Y el.lo·wstone Lake. Diatom data are from 
Figures 2 and 10 in Shero and Parker (1977); dashes (-) mean that no 
data are aqai1ab1e for that particular time p&iod. 

% OF ~vArE.R- CORREC 1.rEO TO·rAL CORRECTED TOTAL 
YEARS SHED BURNED NUMBER OF FRUSTULES VOLUME OF FRUS1rUL.ES 

195D-1975 <1 400 5,000 

1925-1950 8 

1900-1925 3 350 4,000 

1875-1900 10 650 5,500 

1850-1875 0 400 4,500 

1825-1850 0 

p80Q-1825 2 550 7,000 

1775-1800 2 400 . 4,000 

1750-1775 36 

1725-1750 0 

-----· 
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When we complete our final report in the rum mer of 1983 we hope to be able to 
provide answers for many of the qu~tions raised above. 
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