tations for both P and N. Redfield (1958) proposed 16:1, and Hillebrand and Sommer (1999) sug-
gested 17:1 . So, presently P is the key limiting nutrient by far in Mountain Lake with an N:P ratio
of >100:1.

THE TROPHIC STATE OF MOUNTAIN LAKE, GILES

Table4. Phytoplankton Counts (asorganisms/ml) by Depth and Month for Mountain Lake, Virginia
( O U N TY VI RG I N IA during Summersof 1997 and 1998. Phytoplankton Counts anidxa in Mountain Lake, 1997 and 199@ble 4 shows the ranges
)

Depth May June July August September | October

and means for individual cell counts for the years 1997 and 1998. These numbers are similar to
those observed in 1985-87 and no more than 20% of the phytoplankton cell densities observed ir

: TP 1997 1988-1990 (Beaty and Parker, 1994). Table 5 lists the phytoplankton taxa identified from samples
Department of BIOIOgy’ Vlrgmla Tech, BlaCkaurg VA 24061 taken in 1997-1998. Only 5 of the 41 taxa listed were not previously reported in Mountain Lake

Biology Department, Merrimack College, North Andover, MA 01845 o (Parson and Parker, 1989b) and their common occurrence in freshwaters of the southeastern U.S
6.0m gives no reason to suspect that a major change in the phytoplankton community structure has oc-

curred.
199 Input StreanVariables to Mountain Lake, 1997 and 199&ble 6 summarizes variables mea-
Table 1. Orthophosphte-P, Ammonium-N, Nitrate-N and N/P Ratios for Mountain Lake, 1985-93 1.0m sured on water samples gollected from seven input sources to Mountain Lake. Input streams a_nd
— runoff from a marsh contributed a small amount of phosphate-P, a moderate amount of ammoniun
um
PO4'P NH4-N NOS'N N/P RatIO 10.0 m . . . .
Table 7. Ranges and Means for Select Variablesin Mountain Lake Rainfall
' 170m During 1997-98.
Range Range Range
1.0-4.0 . 5163 1-97 Variable 1997
) - : R R
1049 : 030 104 Dissolved Silica.The mean values for dissolved silica (as_bi®@Mountain Lake (0.385 1 O{i\ggeo 0 ;r;%%
1080 | 2 6-77 328 mg/L), rainwater (0.38), marsh (0.070) and input streams (0.412) were quite low and probably ' —— ——
2 . RN . . . : 21.0-580.0 7.0-2400
0.0-17. . 2-16 31-67 . limiting to growth of some diatoms with silicious cell walls. The literature and earlier studies at 20..2000 5008400
! ] ] Mountain Lake suggested that <1.0 mg fAiQvere limiting to planktonic diatoms. Other algae - — —
1067 1800 37300 with lower silica requirements, such as the silicious sca@jgulira or the silicious spined _ — : —— :
ad i i ' Mallomonas probably were not limited in Mountain Lake. Also, most other phytoplankton algae 5_'02 (mg/l) 0.0-176
30-19. | 8 571 21-193 (bluegreens, greens, etc.) have little or no silica requirement. The attached Aufwuchs, periphytic Bicarbonate
epiphytic) diatoms in Mountain Lake may have been less limited by Bi@ause they received Alkalinity 0.0-6.1 -
higher volumes of water flowing past their cells and thus may have extracted more dissolved siligg (mg/)
from the water (Figure 3). Silica was not determined during 1997. Ca+Mg
Har dness :
(mg/)
REVALUATION OF THE TROPHIC STATE

Table 5. Phytoplankton Taxa in Mountain Lake, Virginia in 1997 and 1998 (Dominant taxa shown in bold).

Jon C. Cawley, Bruce C. Parker avigron H. Beaty*

Figure 1. Mountain Lake, Giles County Virginia--Aerial Infra-Red View Showing North End of Lake. From 1996-99, Cawley and Parker undertook studies of the geomorphology, paleontol
. ’ .. . . . ' : Bacillariophyta (Diatoms)
ogy of sediment cores, and the origin of Mountain Lake. In addition to this research, they Cyanoprokaryota (Bluegreen Algae): Navicula aracilis |
i - ot ti iant Chr000000LS dispersus var. minor ; N, and a large amount of nitrate-N to the lake in both 1997 and 1998. The pH of input water was
reexamined the trophic state of the lake and for the first time evaluated nutrient input Gloeocapsa halmatodes Cyclotela compta : 3 arg _ _ - pH Of Inp
INTRODUCTION sources. These investigations were conducted from June to October 1997 and April to Oc 2pzznothecenicroscopica i\(f;igﬁ;'sn; slightly acid and close to that for the lake itself. Inputs of dissolved silica, alkalinity, and hardness
. . . nabaena sp. ' 1 1 1
tober 1998. Monthly samples of lake water, five input streams, an adjacent marsh, and all Gomphonema angustatum also were similar to the lake itselr. o _ |
Mountain Lake is a dimictic, subalpine, (and at least until recently) oligotrophic ecosysaajor rainwater collections were examined for nutrient contents, whereas the lake was ex-J| | Chloophyta (Green Algee) Oymbellap Table 7 summarizes the variables measured for major rainwater collections near Mountain
. . . . ) . . . . . . Chl d : 52 } Pedi b ragiiaria sp I I i I | - - idi
tem located in the ridge and valley province of the southern Appalachig4'&'N, amined for certain other variables as listed in Table 2. ot G aa ety i rata Lake. Obviously rainwater represents a major contributor of FP8IH-N, NO,-N, and acidity to
80°31'39"W) (Figure 1). This lake, when full of water, measures maximally 0.9 km long, Pendorina morum Quadrigulachodatii  Trochiscia (zygospore?) | Tabdlariafiocculosa Mountain Lake. Dissolved silica, alkalinity and hardness contributions by rainfall are of little con-
0.25 km wide, >25m deep, surface area 18.9 ha. It overlies three geological formations: Or- The magnitude of this study, which included input streams and rainwater, precluded ad- iﬁf?{éﬂii’j&?ﬁs /‘ig‘;ff)‘;iizzqua ot D'”Ophéﬂzgiﬁ'ﬁefe) sequence.
dovician Martinsburg shale, Ordovician Juniata sandstone, and Silurian Clinch sandstoneditional measurements of primary productivity and extractable chlorophyll. Water samples, Chlorococeum sp. Mesotaenium sp. Peridiniuminconspicuum
Mountain Lake’s unusual, if not unique, origir6,000 years ago and its periodic lake level if turbid, were filtered through a Whatman GF/C, then all samples were frozen until needed Oocystis pusilia Cosmarium phaseolus
. . . . . . Scenedesmus bijuga Staurastrum limneticum Euglenophyta (Euglenoids)
fluctuations primarily stem from a geological fracture or fault which crosses the lake bottotior analysis. Gloeocystis planktonica  Mougeotia sp. Phacus sp.
from southeast to northwest and includes an incompletely sealed hole at 33 meters depth Trachelomonas sp.
through which about one-half of the lake’s water carF: ech e (Figure 2) (Cawle Parkelzor and Chrysophya (Goiden Algad
g . p g y’ ) Dinobryon elegantissimum Chryptophyta (Cryptophytes)
Perren, unpublished.) Synura sp. Chroomonas nor stedii
: : : : Chromulina ovalis Cryptomonas ovata
EARLY SIGNS OF EUTROPHICATION Table 2. List of Variables, Methods, and Instruments Used at Mountain Lakein 1997-98. Chlorochromonas minuta
Water Samples Mallomonas caudata
Lake K emmerer Bottle (Wildco Supply, Saginaw, Michigan) Mallomonas acaroides
. ] ] ) ) to Acid-Washed Polypropylene Bottles.
Despite a number of earlier references to various perturbations to Mountain Lake [Pars@n Input Streams- Direct to Adid-Washed Polypropylene Bottles.
and Parker (1989a)], most investigators have viewed this ecosystem as “pristine” and “olig- Rainwater - E“I)m Ca"lbfate; ﬁf”ectorstoAcid-Washed
. . . . O ro ene bottles. . . . . . .
otrophic”. However, Beaty and Parker (1994) for the first time warned that the lake might bg Temperature °C e gringSsC_T Meter. Model 33 Orthophosphate;Rmmonium-N, and Nitrate-NAs in the past, inorganic nitrogen and phos-

entering early stages of eutrophication and that it had changed from oligotrophic in 1985-87 jjo (Yellow Springs I nstruments Company, Yellow Springs, phorus have been considered the potential major limiting nutrients in Mountain Lake (Parson and

oligomesotrophic by 1990. The bases for this assertion were: Transparency ger;;fr:. . Parker, 1989a, 1993; Beaty and Parker, 1994, 19964, b). Table 3 lists the ranges and means for
(1) Increases in concentrations of orthophosphate (1988-93), ammonium (1990), nitrate PH Indicator Dye Solution these nutrients during 1997 and 1998.
(1988-93) and decreases in the N:P ratios (1988-1993) compared to values for 1985-87 Zﬂ?ﬁ, I:K;Tnegr'ﬁ: %D;ﬁyl(gi';fe?x\;)ﬁﬁx\’v\f\fv /ig\‘j’\fé - Lake ortho- or soluble reactive phosphate-phosphorus ranged slightly higher and showed a
(Table 1). 1995) ’ ’ slightly higher mean (2.2 ugP/L) in 1998 than in 1997 (1.5). All phosphate values in 1998 and
(2) Att(.enti.o.n was also callgd to slightly redu.ced Secchi disk trqngparency values, bissolved Oxygen Modified Winkler (APHA-AWWA-WEF, 1995) 1997 represent values for healthy oligotrophi_c Iakes_ and an iImprovement from values reported by
(3) A significant long-term increase in hypolimnetic oxygen deficit values (1962-93), Amrmonium Nitrogen Phenate Method (Lind, 1979) Beaty and Parker (1994) (8.7 ugP/L). The slightly higher input P values for 1998 probably re-
(4) The first observation of anoxic bottom water in October 1994, Nitrate Nitrogen Cadmium Reduction Method (APHA-AWWA-WEF, sulted from the relatively wetter winter, spring, and early summer — thus more P input from rain,
(5) Relatively higher primary productivity in 1989, and possibly higher extractable chloro- Orthophosphate P ;ﬁiﬁbic Acid Method: 1 sobutanol Extraction (Murphey ru_noff, and springs. Rainwater collected in 1998 containgd on the average 55_times the phosphate- Figure 3. DiatomsNaviculaand Cyclotella.
phyll (1985-89). e s :/Insll F;.;Zéﬁﬁm AP AAWWAWEE. 1595 P_ in the lake. Input streams and_the marsh haql several times 1_:he P occurring in the lake. T_*EONCLUSlONS
OYREREET e higher phosphate-P levels reaching the lake failed to show up in the lake, because as a major limit- _ _
Subsequently Beaty and Parker (1996a) reported that microplankton algae (cells 20- Phvtoplankdion Vol omeaar aoeey T rerment Seing ing nutrient, orthophosphate probably was rapidly taken up by cells. Our studies have shown that by 1997 and 1998, phosphate levels had returned from higher

oligomesotrophic values of 8-g§ P/L (1988-93) to lower oligotrophic values of 1.5¢8P/L
The presence of one or mdobryon species in abundance during 1997 and 1998 is a siemmensurate with the earlier 1980s. This return to low phosphate and the increase in nitrate h:

200um) represented the dominant size fraction in terms of cell numbers and cell volume and
contributed 95% of the total primary productivity. Beaty and Parker (1996b) also showed tha

phytoplankton primary productivity significantly increased two days after enrichments with RESULTS AND DISCUSSION logical indicator of low phosphate (Hutchinson, 1967). Also, the apparent spidlitelliaf, an-  created an N:P ratio of >100:1, clearly making phosphate the key limiting nutrient responsible for
K, HPO,+NH,NO_+ micronutrients, as well as,KPO, or NH,NO, alone. Over two days P® Temperature Water column temperature showed a similar pattern in 1997 and 1998 asOther low phosphate genus, and retreat of the inv&@svatophylum also points to a return to olighe oligotrophic state of Mountain Lake. Of the nutrient sources entering the lake, the streams
and NH", but not NQ, decreased in the enrichment chamber solutions but phytoplankton &gith previous years. Temperatures ranged from 23°C maximum at the surface (July) to 4- otrophic conditions similar to those measured in the past (Figure 4). contribute I|ttle_ e_nrlchment. However, prec_lpltatlon provides a major source,&f RG,-N,
numbers and species did not change. In short, these studies all suggested that eutrophicatiomt and below 18m. Mountain Lake was dimictic, turning over and fully mixing in NO.-N, and acidity. In contrast to the warning of Beaty and Parker (1994), we now suggest that
may have been occurring as a consequence of increases in the limiting nutrients orthophadarch and November, as usual. Mountain Lake is not undergoing eutrophication.
phate -P and ammonium-N to Mountain Lake. Observations that the native aftaekiad TransparencySecchi disc values ranged from 3.2-8.5m (mean 5.5m) in 1997 and from Table 6. Ranges and Means for Select Variables for Seven Input Sources to Mountain Lake
megacarpa, the dominant macrophyte, had declined by 1990 to 10% of its 1973 biomass 8176.5m (mean 4.5m). These values are slightly less than values recorded from 1985-93 During 1997-98.
that the invasive wee@eratophyllum demersum may have increased (Parker et al., 1991) ggfean 5.8m) (Beaty and Parker, 1994).
lier had signaled probable deleterious changes in Mountain Lake. Alkalinity, Hardness, and pH.ake bicarbonate alkalinity values also remained quite Variable 1997 1098

low, averaging 6.41 mg/L in the lake, 0.522 in rainwater, 35.07 in the marsh, and 14.23 in Range Mean Range

the input streams. Rainwater will reduce, whereas the marsh and input streams will increase PO,-P (ug/) 1.0-11.0 45 0.0-32.0

the lake’s alkalinity. Runoff from limestone (Ca@3®g) used for construction at the south NH,-N (ug/l) 1.0-230.0 23.4 0.0-2200.0

end will contribute to an increase in lake alkalinity. NO,-N (ug/l) 27.0-4750.0 1141.0 0.0-5240.0

Lake calcium and magnesium hardness values also remained low within the relatively pH 5.9-7.7 6.4 4.0-7.2

undisturbed lake basin. Mean values for the lake (20.84 mg/L), rainwater (16.0), marsh SiO, (mg/l) 0.0-2.2

(52.67) and input streams (34.67) show that the marsh and streams are presently sources for Bicarbonate

increased lake water hardness. Many of these higher values no doubt come from solution of Alkalinity 0.0-75.0

the limestone (CaC@Mg) introduced near the south end of the lake. (mg/l)

Ca+ Mg
Har dness 8.4-200.0
(mg/l)

Table 3. Orthophosphate-P, Ammonium-N, Nitrate-N and N/P Ratios for Mountain Lake, 1997-98.

Lake ammonium-nitrogen probably is the most important nitrogen nutrient in the lake (Parson Figure 4. Dinobryon, Nitella and Ceratophyllum.
and Parker, 1993). The range (0-92.0 ugN/L) and mean (16.0) for 1998 barely differed fromghge
PO,-P NH,-N NO;-N N/P Ratio range (6-480) and mean (14.0) for 1997. These values corresponded well with those of Bedity=ameces

American Public Health Association (APHA), American Water Works Association (AWWA) and Water Environment Federation (WEF5td88ard Methods for the Examination of Water #hd

Parker (1994). Again as with phosphate, the primary outside source of ammonium-N IS raingadeAHk (sed,). APHA, Washington, D.C. o | | o |
: . _ , Beaty, M. H. and B. C. Parker, 1994. Investigations of eutrophication in Mountain Lake, Giles County, Virginia. VirginRfte. Res. Center Bull. 184 and the Wildemess Conservancifiat

a mean (503 ugN/L) 31 times that for the lake, suggesting that ammonium entering the lake jy@stain Lake occasional Paper No. 1. i-x, 1-66.
CIUICk|y assimilated, as shown by Parson and Parker (1993) and Beaty and Parker (1996b)_ HA®, M. H. and B. C. Parker, 1996a. Relative importance of pico-, macro-, and microplankton to the productivity of Maketsinginia. Hydrobiologia. 331; 121-129.
1997 0.1-24 15 0.6-48. 17-600. 200 143.:1 marsh and input streams also contributed some ammonium-N to the lake, particularly early fnstkev. . and 5. c. Parker, 1996b. Response of phytoplankton primary productivity o nutrient enrichment at Mouninyinizke.). Freshw. Ecol. 11(4): 421-431.
1998 0.1-8.0 2.2 0-92. 0-618. 500 244.:1 season, possibly from road salt. Hillebrand, H. and U. Sommer. 1999. The nutrient stoichiometry of benthic microalgal growth: Redfield proportions are liptimoal Oceanogr. 44(2):440-446.

These concentrations of ammonium will be inhibitory to nitrogen fixation, which in part X Hutchinson, G. E. 1967. A Treatise on Limnology. Vol. II. Introduction to Lake Biology and the Limnoplankton. John \Bag,&nc., New York.
plains why certain nitrogen-fixing bluegreen algae (@baena) were seen only rarely in our e, o.T. 1979. Handbook of Common Methods in Limnology. C. V. Mosby Co., St. Louis.
toplankton samples. Similarly, a decrease in ammonium input to the lake would |Ike|y causdl aMein3 s. and J. P. Riley. 1962. A single-solution method for the determination of phosphate in natural water€himatytta 27:31-36.
crease in these heterocyStOUS b|uegreen algae, Parker, B. C., L. J. Wenkert, and M. J. Parson. 1991. Cause of the metalimnetic oxygen maximum in Mountain Lake, \frgisiavaler Ecol. 6(3):293-303.

ake nitrate-N ranged (O to 3,200 ugN/L) and averaged (500) in 1998, h|gher than it rarfg@ebn. m. 3. and B. C. Parker. 1989a. Mountain Lake, Virginia: an oligotrophic lake under increasing stress. Cuirefiaet. Sci. and Engng. 4:1-24.
(17-600) and averaged (200) in 1997. Both rainwater and input streams were sources Of NifFateeNy, 3. and 8. c. Parker. 1989b. Algal flora in Mountain Lake, Virginia: past and present. Castanea 54(2):79-86.

Parson, M. J. and B. C. Parker. 1993. Seasonal pattern of ammonium (methylamine) uptake by phytoplankton in an olgetrdftydcdbiologia 250:105-117.

L ake 0H P 6.010 6.8 Th f h (6.8.7 4) refl both a | and probably also springs in the lake, which would have flowed extensively during the wette§ 3888 c. 1958 The biological control of chemical factors in the environment. Am. Sci. 46:205-221. |
ake pmR rangea irom <0.0 to 6.3. € range 1or mars ( .0-/. ) reflects poth a |meStOn96ar our nitrate values for 1998 and 1997 are 8 times and 4 times hlgher than those of Bes Vollae.rﬁvader, R.A. 1969. A Manual on Methods for Measuring Primary Production in Aquatic Ecosystems. Blackwell Scient@fBd 213 pp.

contribution and high productivity of the marsh plants. Whereas marsh input to Mountain Lakg, a1 (1994). However, the input of nitrate need not be higher than for Beaty and Parker; rather

will slightly raise the lake water pH, many rains (<4.0-6.0) and some input streams (4.0-7.2) Wl |ake biota may be consuming less nitrate than during the earlier Beaty and Parker study. AJKNOWLEGEMENTS
sllghtly lower the lake water pH_ . . T . . . . . Our particular appreciation goes to the Miles C. Horton Foundation for funding this project in 1997-9 and to the WildesaegarCyrat
/ _ though nitrate is not presently the limiting nutrient to this system, it will be prudent to control n : : iated financi - iti : :
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Year Range | Mean Range Range Mean
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Figure 2. Sonar Bathymetric Map of Mountain Lake in 1997 mg/L at 20m in October, 1997 and 1.0 mg/L at 19m in October 1998. We cannot state that the . . . ) ive club at Virginia Tech for their help and service during the 1998 season and to Ross Irwin 11 for field support antbepmnme86-7. We would
Showing Fracture Trace. N:P Ratios. Ratios of N:P for 1997 (143) and 1998 (244) show that phosphorus, and not rﬁjij'geti_thank the Geophysics program at Virginia Tech for access to their resistivity equipment, and for their continsieid ithegroject. And we

lake bottom had anoxic conditions during either the 1997 or 1998 Season'_ Localized anoxia @&;{, IS the severely limiting nutrient. Beaty and Parker (1994) had |OV\/3eNNl@d higher PQP would like to personally thank Jeff Slack and the staff of the Wilderness Conservancy at Mountain Lake, as well as thellskeihtatal for their
have been present, had we been able to locate and sample depths >23m in the water COlqu/alues which led to N:P ratios approaching 20:1. Ratios of 20:1 to 10:1 usually cause growtH"{pyf cooperation in our field studies during both 1997 and 1998,

T —— Still, lake bottom anoxia may have been less developed during these two seasons than it has been
in the recent past (Beaty and Parker, 1994).




