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CH AP'T'F.q T 

INTRODUCTION 

The science of limnology has undergone a rapid rise in this country 

and Europe in the past seventy yea~s. This is attested by a comparison 

of the l i st of references by limnologists at the turn of the century 

with more recent bibliographies such ~s that of Welch (1952) . An 

examination of th~ rap1.nly exnand1.nll' literature shows the p:eneral pat

tern of evolution seen in other branches of biologyr the earlier works 

were chiefly descriptive whl)~ the more recent research has been 

directed toward more dynamic nroblems. The modern tools and instrumen

tation of other fields, esnecial]y those of physics and chemistry, have 

opened the door to many new aspects of the subject of limnology, 

The term "limnology" was orip.'inally used in a somewhat restricted 

senRe, bein~ defined as the Rtudy of the biology of lakes, Welch (1915) 

has defined limnology as "th~t branch of science which deals with 

biolodcal productlvity of inland waters and with the c;i.sual influences 

which determine it," The nature of theRe casual influences may be 

either physical or chemical, This study wlll be concerned with both. 

Statement of the Problem 

The purpose of this study was to: (1) ~ather data on selected 

physical a.nd ch<'Mical properties of a small body of water; (2) monitor 

an extended period of time; and (3) the chan~es in these factors over 

kinds Of Or~anisms mi~ __ ht be found under such conditions. 
dete-nntne what "' 
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Tmoortance of the Studv 

This study is important to b th o the student of limnology as well 
~s the resear~~er. It will aid t he rP.sP.archer by serving as a basis 

for lat er limnolo~ical studies that mi ~ht be conducted on small lentic 

waters both local and afar. T th o , e student, tt will serve as a reference 

source that deals with a local survey. 

Limitations of the Study 

The study was conducted from March 23, through June 29, 19?4. The 

study was confined to a singl~ woodland pond located in Montgomery Bell 

State Park, Dickson, Tennessee. The selected group of chemical tests 

were utilized on the basis of their occurrence in the literature, 

s+An~ardized testing procedures and relation to the specific pond. A 

checkl 1.st of a.qua tic organisms is nrovlded. 

ttterature Review 

Th"" investi~ation of chemical and physical characterisUcs and 

the associated aquatic organisms has been confined chiefly to the north

eastern and north central United States. The foundation of these 

studies is the work and researches of Wa.rd and Whipple, Birge and 

Juday, Needham, Pennak and Hutchinson. Of the southeastern states, 

studies of the lakes and streams of Florida stand out in limnological 

literature as exemplified by Shannon and Brezonik's (1972) studies on 

north and central Florida lakes. In Tennessee numerous works on Reel

foot Lake in the west and streams of the Great Smoky Mountains of the 

east are oresented. In middle Tennessee studies have been conducted by 

such ageneies a.s the Tennessee Valley Authority ( 197'.3) &I'll! the State 

Water Quality control Board (1967). A study of water quality on the 
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J . Percy PriPst Rf!servoir was conduded by Perry (1Q6q). Several 

doctcrra.l dissertations from VanderhH t Un1.versi ty have included lim

nolodcal investi11;ationsi a.mong these are Blair (1968), Parchment (1971 ), 

and Wiser (1964), 

Many of the limnolo~ical studies that have been conducted are on 

large-r more extensive bodies of water and to a certain degree the smaller 

lenti c waters have been over looked. 



Description and Location 

CHAPTER II 

GENERAL CHARACTERISTICS 

OF 

THE POND 

The woodland pond is located in Montgomery Bell State Park, 

Dickson, Tennessee, about three fourths mile southwest of the park 

entrance (Figure 1). The pond was formed by rain water filling an 

abandoned ore pit dup; over one hundred years ago. In 1914 the pond and 

surrounding area (some 4,000 acres) was incorporated into a state park. 

Since that time the pond has been left in its natural state undisturbed 

by man or his activities. It is located atop a hill of deciduous woods 

and is approximately 100 feet hi~her in elevation and½ mile distant 

from the closest lentic waters. A woodland stream flows to the south 

approximately 100 feet lowe~ in elevation and¼ mile away. 

Water is retained at varyinp; levels throughout the year and popu

lations of invertebrate and vertebrate animals have been observed in 

and around the water. The trees, durirui: foliage, create an almost 

closed canopy over the pond and forest ve~etation grows down to the 

water's edge. 

Hist<'ry 

The area includin~ and surroundinr. the pond has a well documented 

history, principally due to the iron ore industry of 1810-1870 

(Corlew 1956), Durin~ this time Mr. Montgomery Bell was operating a 
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number of furnaces yi elding h1ah quality ca~t i 
~ o ron,. a pip; of which won 

first prize at a London En 
• glRnd exposition. Mining operations continued 

until 1870 at which time M 
r. Bell's death resulted in the breaking up of 

the land into private ownership. It was not consolidated until 1934. 

GeoloQ'.y 

The main workings are along the crest and slopes of the ridge sur

rounding the pond. The workings, which occupy about 25 acres of the 

rid~e top, trend northeast-southwest for about 2,000 feet (Figure 2). 

The elevation ranges from 660 to 780 feet. The entire ridge top is a 

network of pits, prospect holes, and trenches and is heavily grown up 

in large trees. There is marked erosion and filling of most of the 

workings. 

The pits average about 30 feet in diameter and 15 feet deep, but 

the largest, on the northeast end of the mining area, is about 200 feet 

long, 100 feet wide, and 30 to 40 feet deep. 

As is characteristic of iron ore occurrences throughout the Highland 

Rim, the deposits are in cherty Mississippian residuum along the tops 

and slopes of ridges which are remnants of an old erosional surface. 

The weathering of this old surface has foned the deep mantle of 

sil i ceous clayey material. The ore, which occurs in the cherty matrix, 

is believed to have been depo~ited from iron-bearina; ~ound water per

colating through the mantle m~ter i al durin~ the erosional period (Mineral 

Resource Summary, 1972) . The iron is found in the residuum of the St. 

Loui s and Warsaw formations. The ore is principally limonite, an oxide 

of iron which is black to brown or reddish-brown. 
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Reldonal Climate 

Middle Tennessee, havin« a mean latitude of 36°, has a relatively 

mild temperate climate, altho~h its position away from the coast and 

its varied topogranhy nroduce some rigor to its winters. The mean 

monthlv t empP.r;i.ture ls ::i.pproxi.mately 6o°F,t it rarely falls below 25°F, 

and cold spells are of short duration. The summers are not excessively 

hot; the temperllt UrP. r an!"inl? from 80°F. an<'! rarely over 90°F. The 

~rowin~ neriod between killing frosts varies from 200 to 225 days; the 

average date of the last killing fros~ in the spring is March 30, and 

the ftrst in the fal1 i s October 30 (Watershed Work Plan, 1971). 

Rainfall for the area usulllly averages a.bout 52 inches per year and 

is rather uniformly distributed and without distinct wet or dry seasons. 

Lightest prectpitation occurs durinl? the months of September and October 

i nd heaviest prec1pitation usually occurs in January or February. The 

averap:e hlllllidity is mod eratP. (7?.%) and sunshine and cloudiness occur in 

such a manner that clear skies prevail abC'lut 110 days, oartly cloudy 

ones 115 days, and cloud v one .s 1? 0 days of the year (Harris, Persona.I 

Communication). 



CHAPTER TH 

MATFRIALS ~ND MF'THODS 

Tntroductorv Prr,cedm·e 

The uhysic::i.l, chP.mical and b1oloP.:ical investig;at:ton of a body of 

w::i.ter may include a very larl1'P. numb~r of w1.de] y d:tfferent procedures. 

Some of these may be measured or collected directly, some may require 

mathematical formulae and others may be read directly from a meter or 

identified by use of~ microscope. In undertaking such a study an 

investigator should decide first which criteria are to be made and then 

what method is to be used in each individual examination. 

Physical Survey 

The physical survey included the followings dissolved oxygen 

concentration, water temperature, and total dissolved solids, per unit 

of depth; Secchi disc and rain gaW!:e readingsJ and a survey of the pond 

mornhometrv. ThP. dissolved oxy~en and water temperature were determinP.d 

bv +he use of a Y.S.I. Oxy~en meter, while the total dissolved solids 

were recorded by the use of a Conductivity meter registering in micromohs. 

Measur~ments were made at¼ meter intervals from surface to bottom on a 

bi-weekly basis. 

Secchi disc -readtn~s were t.:iken (three, of which the ave~e was 

recornP.d) on a bi-weekly basis and care was takAn to make +.he readin~s 

at the ~ame time each te~t. Two rain ~uages were utilized, Rain guage 

A wa.~ ulaced in the open and rain ll'aW!:e B beneath the canopy, to com

pensate for water evaporated from the one in the open. 

/ I 
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1,., arlni tion t,r, thnsP. nr11:~.n, ~m!': r.ol.1.P.ctPrl ,n thesP. M.m-plPs thP. -oono 

w::i.c; " ·"'' nP.n tw1 ~e (March 10 'in~ ,Tun<> ?? 1, Sued.mens were also capt.urPd 

on the above datP.s by thP. use of insect nets. 



CHAPrER IV 

RESULTS OF FIELD STUDIES 

PHYSICAL DATA (Tables 1, 2 and 3) 

Dissolved Oxygen (Figures 31 4 and 5) 

The maximum concentration of dissolved oxygen was 8 p.p.m. (1/4 

meter at April 6) while the minimum concentration was .1 p.p.m. (1 1/4 

meter at June 29), The mean concentration of dissolved oxygen for 1/4, 

1/2, 3/4, 1 and 1 1/4 meters was 6.1, 3,1, 2.0, 1,4 and 1.3 p.p.m. 

respectively. 

Water Temperature (Figures 6 and 7) 

The water temperature ranged from a high of 20° C, (1/4 meter on 

June 15) to a low of 10° C. (1and11/4 meters April 6), The mean 

water temperature for 1/4, 1/2, 3/4, 1 and 11/4 meters was 17.5, 16.1, 

15.2, 14,4 am. 14.2° C, respectively. 

Total Dissolved Solids (Figures 8, 9 and 10) 

The highest micromohs reading was 120 (1and11/4 meters on 

May 18) while the lowest was 30 (1/4, 1/2 and 3/4 meter on April 6 and 

1/4 meter on April 20). The mean micromohs readings for 1/4, 1/2, 3/4, 

1and11/4 meters was 37,9, 51,4, 76,4, 90.7 and 92,9 respectively. 

Secchi Disc (Figure 11) 

The highest secchi disc reading was ,58 meter (April 20) and the 

lowest was . 33 meter ( June 29) , The mean Secchi disc reading was .41 

meter, 
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0

cnrl !"lorphome t ry was calr.ul atP.d ::i nn .,..P.r.ord P.n trv s t andard H mnolop;ical 

procedur es as out1in~d by Ruttner ( t r.61 ). In determi ni ng a number of 

par~m~tP.rs a onP. mPter squar e grid 5ystem was establi shed over the pond 

surface (Findley, Personal Communication). From Ruttner's and Findley's 

methods those parameters taken for thP. pond i ncludes depth pr of\ lP, and 

contour map: maximum dP.nth, lP,n~th and breadth ; shoreli ne length anrl 

development; area and volumP.; and mean breadth and depth. 

Chemic::i.l Survey 

The chemical analysis of thP. w~ter was conducted by the use of a 

Hach Water T~stini;r KH , number DR- J<:T .. 'T'he tests includP.dt carbon d i rw

~nP. (CO2 ), hvdroP-en i on concP.ntr~ti o~ (pH), nitrate (No,), nhosnhate 

(P04), irnn (Fe) 3.nd tot~1 hardni>~~ . 'T'hesP. test.::, were cond'l\cted in thf'! 

labor;:i.torv OT'I wi:tter samnles t -<i.ken from two stR.tions, 1 i.ttora.1 and 

11.Mnetic ref."ions of t.hP nond, on ~ MweP.kly basis, The water samnles 

were co1 lected 1 n one. li. ter cnnta ln1>.rs and refriR'eratert until M R.1 i zed. 

'T'hP. M.oloR:ir..~1 ~urwiy r.cn s i stP.d of t.hi>. coller.t1on and classification 

of ~.quatic plants R"rvi ~.n'lir.al~ -ronnrl i n w.q,ter samples taken frol'I four 

.-.rP.ri.~ nf thP nond (l\tt.m·aJ, 1-lmn<> t fr . benthi.c anC'l pla.ntonic communitie s), 

r,0 11.. ,., ~tions were mane on a blweekJv h~si s by the use oft l liter jars 

(JHt or;:iJ ~!it'! 11ninPt~ c ): ~- mnrl F ic::i.U on of a bottol'I samnli>.r from Smith 

(1061) for hen t hi c AAmpl~s: ::i. "lri ~- n1 :->.nkton1 c net was used for collectimr 

plankton sa.mnlP.s. AH watPr AA111nl Ps werP r~frill'Prated until observed, 

Af+,er the init,ir1.'l observat.1 on of .::iJ l AAmples, each was preserved in a 

fornaldehvde solutinn ;:i.nd stor ed f or future observations. 
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'T'he hi irhP. st rP.r,orrl1n!!'s for both r;:i.ln ~au~P.s were 1,08 cm, for a 

two WPek nP.rlod, ThP lowPst r parting was ?.,54 cm, for rain v,au~e A on 

.T11nP 1'1 , and 1,04 cm. for rc1.in ~augP. Bon May 18, 'T'he tota1 accumnh.ted 

rainf'all for ,q;a.u.q:P. A was ?? , 6? rm. while 11'~.uire B recorded 29.41 cm, 

Pond Morphometrv (~igures 11 and 14) 

'1"\-ie maxi mum rl enth , len,g;th anrl brP;:i.d th were found to b~ 1 , 4?., 14. 1 f, 

ancl lO, 11 meters rPsn1>rttveJ:v. Th,=, shor,,11ne J.en,q;th was 40,7 meter~ 

w;:i,s 110.62 soua.rP. met1>'!"'S whil P. thP vo)ume was 78,61 cubic meters. Th!> 

mean breadth was 8,q4 metPrs and the mean depth was ,60 meters, All 

measurements werP ta.ken March ?1, 1974, 

CHF.MICAL DAT~ (T~bles 4 ;:i,nd i:;) 

ntssolved Carbon Dioxide (Fi,!('11re 15) 

The maximum concentration of dissolved carbon dioxide at the 

limnetic station was 40 p.p.m, (May 4) and the minimum ~oncentration was 

10 p,p,m, (April 20). 'The ma.ximum concentration for the littoral 

stat1.nn wA.S '3? p.p.m. (June ?.Q) while the minimum was 10 p,p.m. (April 6 

and 20). Thi" mean concP.ntr/'\ tton for bo+,h stations was 19.1 p.-p.m, The 

HmnP.t1 c ~tation harl a mean concentrt'ltion of Jq , 1 P,n.m. and the 

littoral wai:; 18,q "',P,m, 

Tot.al Hardness (Fi~re 16) 

The values for total hardness ran~ed from a high of JO p.p.m. 

(l imneti c st?..tion, June 15) to a low of 10 p,p,m, (limnetic and littoral 

) The mr>an concPntrt'l.t.~.on fnr all stations was s+.ations, April 20. 
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lQ,4 P,n,m , The mean· at t he limnet:lc ta s tion was 21 p.p.m. while that 

of the littoral was 17. 8 n,p,m, 

Hyd1'."oe:en Ion Concenhation (Fi1Z;ure 17) 

The pH ranged f rom 6.8 (limneti c station, June 29) to a low of 5.7 

(limnetic station, May 4). Th e mean concentration for both stations 

was 6.45. The mean for the limnetic station was 6.4 and that for the 

littoral was 6.5. 

Dissolved Oxygen (Fi~ure 18) 

A maximum concentration of dissolved oxygen (10 p.p.m.) was 

recorded for both stations on at least two occasions, A minimum of 

6 p,p,m, was also recorded for both stations, The mean for both 

stations was 8,2 p,p,m, The mean for the limnetic station was 8,1 

p,p,m, and that of the littoral was 8,3 p,p,m, 

Nitrate Concentration (Fi1Z;ure 19) 

The nitrate concentration varied from ,13 p,p,m. (littoral station, 

April 6) down to ,08 p.p,m, (limnetic station, June 15), The mean for 

both stations was ,1065 p.p,m. while the mean for the limnetic and 

littoral stations was ,106 p,n,m, and ,1065 p,p,m, respectively, 

Phosphate Concentration (Fi~ure 20) 

The highest concentration of ortho-phosphate was 6,5 p,p,m, 

(limnetic station, May 4) and the lowest was ,04 p.p,m, (littoral 

station, June 6). The mean concentration for both stations was ,975 

p,n,m, The mean concentration for the limnetic was l.53 p,p,m. and 

,42 n,p,m. in the li t toral, 
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Tron ConcP.ntration 

Tests for iron(~) a re , we rP. con uc t ea for both stations on two dates. 

These results were so small that accurate measurements could not be 

conducted bv the use of the test kit, The iron tests were therefore 

rl1scontinued, 

RTOLOGTCAT, DATA (Table 6) 

The followin~ classtftcation represents a taxanom1 c listin~ of 

or~anisms collected durin~ the survey. A notation is provided to 

describe which sample area(s) (limnetic, littoral, benthic or plankton) 

the organism was identified in. No attempt was made at determing the 

freouency of their occurrence in the samples nor the dates of their 

occurrences. Insects and vertebrates collected were obtained by the 

use of nets or seines. The classification for the plants, invertebrates 

and vertebrates follows those of Bold (1967), Pennak (1953) and Barbour 

(1971) respectively. 

Division Cyanophycophyta 

Class Myxouhvceae 

Order Osci11~tort::i.J.pc:; 

'!i'~mi 1 v Oscillatoril'l~P/'le 

Family NostochineaP. 

littoral, limnetic and 
ohvtoolankton 

littoral and phytoplankton 



Sn1.roii:vra 

Order Cladonhor~,P.~ 

Fa.mil v r.J ad onhor~.rP.a0 

Phylum Protozoa 

Class Sarcodina 

Order Testeceae 

Family Arcellidae 

Arcella 

Wa.mily Difflue:inae 

Diff11.11Iia 

Order Amoebina 

Family Amo~b1d~e 

Amoeba 

Class Mas ti~onhor ~ 

0rder Euglenoidina 

F.u~len~ 

Order Peritr1rhid~ 

li ttora1, 11.mnP.t.ic and 
phyto-plankton 

Httoral, Hmnetic and 
benthic 

littoral and benthic 

11. ttoral 

li ttora.l, 1_imnetic and 
phytoplankton 

bentM ~ 
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Ord er Spirotrichida 

Family Sn:l rostomidae 

~irostoml_l.!!! 

Family Stentoridae 

~tentor 

Order HolotrlchVl,:i. 

H'~mnv Dir\1nHdae 

Didinium 

Phy111m Rot?tnr-1.~ 

Order Plioin~ 

F'~mn V ~r-->nr.hiorH3.!> 
!(era teJ.la 

Asplanchria 

Order Notomma.Hdae 

8epha.lodella 

Cla~~ Digononta 

Order BdP. lloici <>? 

famil:v Phi.lod i nidaf'! 

Philodina 

littoral anrl benth1 c 

11 t ~,:-ral 

11 t.torr\-1 :ind benthic 

11 ttoraJ :tnrl 11 mM t.1 r. 

1it+~r ~1 , 1imnetic and 
pJ.anktonic 

11 tto.,.,,.1 ::Jnil l i mneti~ 

11 ttoral 

littora,l 

limnetic and phytoplankton 

15 



Dhv1 ,,"' A. r t.hrooorl a 

OrdP.r Cyc]n~o:lrl~ 

Pam11y Cyc1npo:lda.e 

r.vc]ons 

Omer Clad o~ara. 

Family Bosm1.ntdR.e 

Rosmlnia 

Family D;?.nhnl,he 

Danhn:lR. 

Th.mn v Hvt'!rnnhH1d~P 

?am11v Gvr1n1rlaP. 

Family Gerr1rlae 

Ord er <'Ii on<1 ta. 

Family Ube1lu1dae 

littoral 

Uttorr1l, Umnetic and 
Planktonic 

li ttor;:i.1, limnetic and 
plankton:lc and benthic 

seinP 

insect net 

16 



Phv1 um ChordatR 

r,1 ;\~~ Amnhibh 

Order C~uda ta 

Family Amh:.rstomi<1~e 

Ambvstoma mac11latu111 (larvaP.) f;P.ine 

Ord P.r A nur::i. 

FamH~ FanidaP. 

Rana ~atesbei nn'l. 

Ran;l c1 ;\mi tans 

Familv Hvl1.dae 

_Acri s crepi ta.ns 

seine 

seine 

seine 

seine 

17 



Oz 1/4 m. 
(-p ,f,m.) 1./?. m. 

J/4 m. 
j_ rr • 

1 1/4 m. 

Temp. 1/4 m. 
c.o 1./2 m. 

3/4 m. 
1 m, 

1 1/4 m. 

Conductivity 1/4 m, 
meter 1/2 m. 
(micromohs) J/4 m. 

1 m. 
1 1/4 m. 

Secchi disc mean 
(cm.) 

Rain gauge A 
(cm.) B 

4/15/74 

8.0 
6.4 
.5.? 
l~. Li 
J.J..O 

13.5 
11.5 
10. 5 
10 
10 

JO 
JO 
JO 
_50 
_50 

41.J 

3.81 
3.81 

h/?.0/74 5/!~/?'+-
6 .L! 4. r 
5.3 2.5 
: ,f) 1.0 
1. C: • .5 
1. c; • _c; 

1 c; 16 
14 16 
13 1L~. 5 
11.5 14 
11 14 

JO 40 
3.5 _c;o 
_50 80 
_50 05 
50 100 

58 44.J 

4.06 4.57 
4. 57 4.57 

T.A.BLE I 

PHYSICAL DATA 

5/18/74 6/11?1
• 

c.. /1 c, _l ?u, 6/'~Ql._7c 

?,O 6 .7 6 . Li 4 . 2 
2.2 2.J 2. 1.J. , 7 
1.2 1.5 1.7 . h 

.5 1.0 1. 5 . ? 
• 5 1.0 1. 5 • 1 

19 19 20 19 
17 !.8 10 17. 5 
16.5 17 18 17 
15 16.5 17,5 16 
1.4.5 16.5 17. 5 16 

50 40 J5 40 
75 70 50 50 

105 90 90 90 
120 110 110 100 
120 110 110 110 

38 36 36 33 

4.82 2.79 2 • .54 5.08 
J.04 5.08 4.57 3. 81 



1/4 m. 1/..2 m. 3/._4 m. 1 m. 1 1[4 m. 

Oz high 8.0 6.4 .5. 2 4.4 4.0 
(p.p.m.) low 4.0 .? .4 .2 .1 

mean 6. 1 3. 1 2.0 1.4 1.3 

Temp . high 20 19 18 !?, _5 17.5 
c.o low 13.5 11. 5 10.5 10.0 10.0 

mean 17.5 16. 1 15. ?. 14.4 14.2 

mohs high 50 75 105 120 120 
low 30 30 30 50 50 
mean 37.9 51.4 76.LJ, 90.7 92.9 

Sacchi high • 58 
disc low .33 
(m.) mean .41 

A B 

Rainfall high 5,08 5.08 
(cm.) low 2.54 J.04 

mean 3.95 4.21 

TABLE II 

PHYSICAL DATA ILLUSTRATING HIGH, LCM Al-ID MEAN VALUES 
,_. 

'° 



Maximum 
Depth 

(m.) 

1.42 

Maximum 
Length 

(m.) 

14.16 

Maximum 
Breadth 

(m.) 

10.31 

Shoreline 
Length 

(m.) 

40,7 

Shoreline 
Development 

1,0049 

TABLE III 

Surface 
Area 

130.62 

MORPHOME"IBIC DATA FCB THE WOODLAND POND 

Volume 

78.65 

Mean 
Breadth 

(m.) 

Mean 
Depth 

(m.) 

.6o 



Da.t~ CO2 To·):, 'l..l Hamness pH ~ N0.3 l?04 
p.p. rn . p.p.11. :P,:?,1!1, p.p.m. p.p.m. 

4/6/74 15 20 6.2 7.0 .10 .15 a 
10 20 6,5 10 .1~ .05 b 

/.J,/20/711, 10 10 6.5 7.5 .10 .05 a 
10 10 6.6 9.0 .10 .05 b 

5/4/74 40 15 5.7 6.o .12 6. 5 a 
20 15 6,5 6.0 .10 2.0 b 

5/18/74 20 25 6.7 8.0 .13 1. 23 a 
~o 20 6.5 8.0 .10 .45 b 

6/1/74 20 27 6.7 8.0 ,11 1.5 a 
20 20 6.5 8.0 .10 .28 b 

6/15/74 14 JO 6.7 10 .08 1.2 a 
20 20 6.55 7.0 .10 • 1 b 

6/29/74 16 20 6.8 10 .10 .08 a 
32 20 6.45 10 .12 .04 b 

a = Limnetlc 
b - Littoral 

TABLE IV 

CHEMICAL DATA 
N 
~ 



Limnetic Littoral 

COz high 40 32 
(p.p.m.) low 10 10 

average 19.3 18.9 

Total high 30 20 
hardness low 10 10 
(p, p . m. ) average 21 17.8 

pH high 6.8 6.6 
low 5.7 6.45 
aver ag e 6.4 6.5 

Oz h 1_g;h 10.0 10.0 
(p . p . m. ) low 6 .o 6.o 

averag e 8.1 8. J 

NOJ high .1J .13 
( p . p .m.) low .08 .10 

average .106 .107 

high 6 • .50 2.00 
low .05 .04 
average 1.53 .42 

TABLE V 

CHEMICAL DATA ILLUSIBATING HIGH, LCM AND MEAN VALUES N 
N 



Benthic Limnetic Littoral Planktonic 

Oscillatoria Oscillatoria Oscillataria 
Anaba.ena Anabaena 

s:eiroizyra SEiro,zyra SEiro~a 
Clado;ehora Clado:ehora Clado:ehora_ 
Arcell~ Arcella 

Di:ffl):!gia 
Amoeba. Amoeba Amoeba 

Euglena 
Votlicella Vorticella 

SEirostomum 
~tentor Stentor 

Paramecium Paramecium 
Did.inium Didinium Did.iniurn 
Keratella Keratella 

As:Elanchna 
Ce:Ehalodella 

Philodina Philodina 
QYclo;ps 

Bosminia Bosminia Bosminia 
DaEhnia Da:Ehnia Daphnia Daphnia 

TABLE VI 

AQUATIC PLANTS AND ANIMALS IDENTIFIED FROM THE WATER SAMPLES 



CHAPI'IB V 

DISCUSSION AND RESULTS 

PHYSICAL SURVEY 

General Considerations 

The body of water surveyed in this study is considered to be a 

pond. According to Reid (1961) the term porn. generally connotes a 

small, quiet body of standing water with rooted plants growing across 

it or capable of supporting plants all the way across. Personal records 

of park employees im.icate the porn. is of a permanent type, retaining 

water at various levels throughout the past forty years. 

The pond basin is a result of excavation by man; however, the 

author concluies that the ability to hold water resulted. from a com

bination of natl.ll'al processes. One of these includes weathering and 

erosion of the precipitous slopes of the drainage basin and the subse

quent sedimentation along the basin floor. Ad.ding to this event is the 

annual deposit of the foliage of the canopy eventually creating a floor 

of leaf litter six inches in depth. The pond has in effect created its 

own seal, a process characteris tic of ponds and lakes (Ruttner, 196J). 

Oxygen 

Dissolved oxygen is an important measure of productivity in a 

pond (Reid, 1961), This oxygen normally comes from two sources& 

the photosynthetic by-product of plants in the water am the surface of 

the water where there is an exchange of gases with the atmosphere.-
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'1'hj ~ nnnd is considerert eut r onhir. , being: thermall y st r ati fied (Figure 7) 

~nrt loSi ng i t s suooly of oxyg~ n i n oeener wat ers (Figure 4). 

Temperature, nr obab1 v mor e than any other factor, inf]uences the 

auantitv of dissolved oxy~en ~r esent i n a pond containin~ no toxic 

ox\dl7,ab1e polluted material (Ruttner , 1961). Oxygen concentr ati ons were, 

with the exceptions of the up-;,e.r l /4 meter, consistent]y below the r e

oui r<> ments for fish and other .9:11] breathiM vertebrates (Welch, 1952) , 

There was a ITT"adual loss of di ssolved oxygen for all levels from Apri l 6 

throW;h June 29 (Figure 4). This corresnonds inversely with the tem

perature recordings (Figure? ) which resulted in a warming of the lower 

depths, Besselievre (1952) reported that temperatures below 50° F. 

will inhibit bacterial life. Temperatures above this increase bacterial 

action which denletes oxygen supplies in the depths, The bacterial de

composition of the leaf litter on the pond bottom is considered the 

source of oxygen depletion. 

Water Temperature 

An important innicator of the total biotic and physical properties 

of the aquatic system is the +,emm'!rature, The temnerature of the water, 

by its influence on densitv, ~eterm\nes the amount of mixing of the 

water levels and accounts for the neriodic stratification that is 

d] k Thi s mixina and/or stratification of typical of many ponds an a es, ~ 

water determines the physical aspects of the water which are directly 

related to the life-supporting capabilities. Included in the physical 

aspects are such properties as suspended matter, including organic 

nutrients and inorganic narti ~ul ;:d,es, and the quantity of riissolved 

oxygen and other 1~organic elP.ment~. 
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Wi
th 

reference to temperature , h.k,;,s r1.nd ponds ci.re of ten described 

as hctng strat i fied , R id (l q/1) a e , 0 ef1nes stratified W8.ter as those 

waters containtng three disti nct layer s : epilimriioP , thermocline 

(metaJjmnion) and hypoU mn:i.on, The thermocli ne represents, "the middle 

l ayer of a theTmally st rc1.tified hotly of water havlne t he great est t em

nerat ure variat i on per one meter depth,,, often as much as 1° C, per 

1 meter depth" (Reid, 1961). The location of the ther mocline depicts 

t he development of the other layers and the waters are referred to as 

strat ified, 

The minimum temperature e:radient of the pond from the surface to 

the bottom was 2° C, while the maximum was 4 1/2° C, (Figure 7). 

These figures represent a greater vertical drop in water temperature 

per one meter depth than those defined by Reid (1961) as suggesting a 

thermocline, 

It is therefore sugp:ested that due to the small size of the pord 

with its shallow depth there did not exist an epilimnion, metalimnion 

and hypolimnion. 

Total Dissolved Solids 

Measurements for the conductivity meter represent the total organic 

and i norganic sol ids dissolved in the water, These measurements in• 

creased in value from April 6 tb.rough May 18 at all depths (Figure 8) . 

This increase coincides with an increased temperature (Figure 6). It i s 

therefore reasoned that the increased temperatures a..c:;s isted. bact erial 

decomposition which released dissolved solids into the water. Sacchi 

disc values are inversely proportional to the total dissolved solids 

during these dates (Figure ll). 



Secch1 Disc 

Secchi riiRc values for the research per iorl RrP. si11'!1m,1.rized in 

Table l. A Secchi disc readinR: renresent.s the depth at which five 

ner-cent of solar radiation 1 s t:r'lnsmittP.d (Hutchinson, 1957). 

Many factors can how~ver. alter valuP. s obtained with the Secchi di sc. 
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At be st , such readings give relative values for turbidity or rate of ab

sorption of light. 

Turbid waters 12:enerally carry e-reater numbers of bacteria than 

clear waters (Perry, 1Q6q). With the settling of suspended particles 

b::1cteria are carried to the bottom. Secchi disc readings for this studv 

show a brief high followed by stead i 1 y declininp: values (Figure 11). 

Rainfall 

The mean rainfall per two week period for gauge A (exposed) was 

3.95 cm. while 4.21 cm. was recorded for B (covered by canopy). These 

figures (Table 2) fa11 within the expected range of precipitation for 

that time period. Fluctuations of the water level were observed but no 

not keab1e chane:e s took place . Wa tPr loss from the pond throu.q;h evap

or;:\ tfon wa.s indicated by defid ts of gaug-e A as comnared to gauge B 

clurin~ May and June (Table 1). 

CHEMICAL SURVEY 

r.arhon Diox1rli0 

1 d C
arbon dinx1dP mP~surpMnnts ~rovide information pertain1n~ nisso ve 

to rP.so1ration ::1nd t~,o decay orocess, Tt is also an important 0 nviron-

me!'"!ta.l buffP.r Mainst rapid shift.~ ir, "cldH? and alkalinity. Carbon 

rl~oYide is also imno~t.::i nt 1n r<> irul ,1.t.inf" binlogical processes in aqua.+,t~ 
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,..nmin11.,~ t-1.. es and SPrves as P. snurce of carbon 
(RPid, 1ofi1) . 'T'h~ va}11e , 

f'nr ~arbon dioxi.ne ( F'kure 15) arP 'nv~r~Plv i 1 
L r ~ pronnrt ona t o those of 

disso1vpd ox:vi;i;en (F'1.1nirp un f 0r the same stations. These 11;raphs illus

tri3.tP the tnverse re1at.ionshi ') of carb0 n dioxi.de an:> ,, oxv"en in the 

Tn fresh w::i.t~rs the tot;,l li;:i.rdnP ~!'< consists lr1re:P.ly of a few 

t .han 40 o.n.m., .. ;,tpr r,11;:i.li+.v when cnmp::i.ren t.o othPr ~mrf.'l.ce waters 

(N.'T'.A.C., 1_968). 'T'l-iis c::in h,., ::i.t.+,rihoted to the fad. th~t the only 

;:i.ff1npnt, sunnlv nf" w:i t.f'r to th" nn!"n i s r:i.i n, :=t !1rl.t11r;:iJ source of soft 

Wrl.+,n·r, 
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Hvdrnp:en Ion Conr:1rntr;i.t:\.1"1n 

Water is oftPn rPferred to as the uni.versa] solvent nue to its 

aM~H.v t.o d1~so1ve a w'\.de variety of substances. This abllitv not only 

ex:I i:;ts in the labor1ttory, but also in n.:1.tural J.otic and lentic "aters. 

'I'hP substances rHsso]ved :In w;:i.ter determine its position on the acid

base scale referred to as the pH scale. There are a number of different 

def\ni t:lons of acids and base,;, but for simplification, an acid can be 

Of!fined as a substance that i"creases the concentration of hydro~en ions 

(H+) in water, a base as a substance that increases the concentration 

of hydroxyl ions (OH-) in water (Reid, 1961). The degree of acidity or 

alkalinity of a solution is usually measured in terms of the pH scale, 

with 1--6.8 acid; 6.8--?.? neutr1t1 ann ?,2--14 alkaline (Ruttner, 1961). 

ThP. pH va] 1lP.S fo,... the pond !=:U2'2'e5t. a sJ i1Z"htly acidic condt t1 on 

(H'111:11rP. 1?) with the 11.mnet.i<- stat.1(")n havinp; the R:Tea.test fluctuat:lon. 

A r,arken drnn in the pH on Ma.v 4 fl 111\P"'t.tc station) coincides wt th a 

m~rk~n necrease in n1sso1veo "vv~en fnr that same date and an increase 

nf' t.h"' :lnf111enr:-e of n1 ssolven O'lcy~en was viven in the ~ n 1. sr.ussion 

Dhvsic~.l ~mrvPv sect:1.on. HownvPr, d1~l:'olved oxve:en values were also 

determined for the 1 imnetk ~nn li t.tor-ci] stations as a source of com-

• (Fi 18) 'J'hP OXVP:P.n vril11es for the limnet.ic and littnr::i.1 par L son . R"\Jre . • - · 

~ t ntly hi ~hPr than those of the deeper waters. s +.~ti.ons were r.ons ~ ,P . 
This 

d l t • of oXVR"P.n fr r, rn .:ill h11t. the Unt'ermnst leve). 
suR"gP sts a en e ,1on -

•n rl1 :- s1"'1 vPcl t"l-<vgen concentr~.t:lon resu1terl on 
A marked red udJ or. J 
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deca:v nrocessP.s as suoported by a corresoondi ne: increase in carbon diox

ide (fie:ure 1~ ) . Fr thi · om s noint on there was a in-adual i ncrease in 

oxve:en followerl by onlv minor fluctuations between the Hmnetic and 

H ttoral stations. 

N1. tra tP. 

The determination of nitrates in the water is an important index 

as to how much ni tro/'.!'.en could be made :wai lA.ble to the plants for the 

synthesis of proteins. The ahsorbed nitrate is reduced and built into 

organic compounds such as amino acids, amides and other nitrogen rich 

comnounds. Under normal cond itions the percentaa:e of ore:anic and in

organic nitro~en in a lakP is SO : SO (Reid, 1961) . The organic nitrogen 

is present lare:e1v due to am1no ilcids while the inorganic nitro,g;en 1s 

nresent in such forms as ammonia, nitr ate and nitrite (Ruttner, 1963). 

Nit.r'lte ni trop;en ui:;ually occurs fo relativelv small concentrations in 

unpolluted fresh water; the worJd ;=tverM:e beinp; 0.30 p.p.m, (Reid, 1961), 

Under normal conditions the amount of nitrate in solution of a given 

time is determined by metabol 1c processes in the body of water, i,e,, 

nroduction and decomposition nf ore:anic matter (Reid, 1961), Only 

slie:ht fluctuations were noted in the nitrate values throup:hout the 

t d (Fi 19) All values fell with i n the expected range, s ,u v ~ure • 

Ortho-nhosphate 

One Of the nutrients which is least abundant in Phosphate is 

natural waters, present in very small amounts, This trace amount of 

din the watP.r in at least three components: phosnhorus may be foun 

( ) (2 ) ~1 solved ore:anic and (1) the particulate (Reid, 1961) , 1 orp;anic, . u s. 
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Finrlings in lakes of North America have shown that organic forms of 

pho ~nhorus are always present. in larger amounts than 11.re the inorgan ic 

forms (RnttnP.r-, lG6'3). 

Phosphor11s e'1tP.r~ the water natu,-allv eithP.r directly or 1.ndirec+.ly 

.-.,,.,., ,... +he wP.ather1.ni:r of nhos'phati.r. rocks i'lnd from th!') ""n and 'ls 

nresent :eu:; dissoJverl DhMphate (Ruttnc::- , 1963 ), Pho$phoru$ is taken 

11p hv the phytoplan'ktnn rt) ga.e, but not alwavs in proportion to their 

n e JT1ann ~ fnr p.;rowth and reproduction. 

All of the ortho-oho$phate readin~s fell within the expected value s 

P.Xcent those of May 4 (Figure 20). On this date excessively high read.

ing::,. were recorded for both st.;itions, These values a.re considered 

erroneous and are attributed to an oxidized ammonia molybdate solution. 

Subsequent tests ~onducted with a new suun1y of the re~ent yielded 

valm~s consistent with those of other samplinp: dates and with those 

reported by Hutchinson (1957), 

When these erroneous values are discarded the ortho-phosphate 

readings dron coni:;iderabJv, yielding a mean of ,826 p.p.m. for the 

11mnP.t1c station ~nd ,186 p.p,m. for the littoral, The hi~hest valu~ 

fnr +.he 11.mnetic station woulrl then be 1. 50 p. p. m, while that of the 

littoral would be .45 p.r.m, (Figure 20). 

BIOT,OGTCAL SURVEY 

Gen~ral Considerations 

D t th limi tat.tons of t.his study specimens collected in the ue o . e . 

keyed to the genus onlv; exceptions being those of the survP.V were . - · · 



nhv1 um chomata, No R:P nP.ra werP coll Pct.en t n t hP. survev tha t havP. not 

been nrev:lously record ed i r. lakes and Pond s of Tennessee, 
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A total of twent.y-P.ia:ht genera WP.r.e accounted for durinp: the surwiy, 

One genus, Rana , wa s rP.nresented bv t hree speci es. The se t went v-ei~ht 

a:enerR renresent four Phyla of anima l s and two di visi ons of plants 

( Table 6). The animal ohyla i nclude Pro tozoa, Rotatoria, Arthr opoda and 

Chordata. The Plant division s included Cvanophvcouhyta and Chloro

nh:vcophvt.a. The r1.nt mal ph:vlu!'l repr esented b,v the most p:enera was t he 

Pr otozoa ( ni ne genera ) anrt bo t h plant division s eri.ch had two i;-enera 

r P. corded, The other nhvla anrl the i r rP.snec t ive numbex- of genera include: 

Rot.a.toria ( four P.'F?nera), Arthronoda ( eight .2."enerr1.) and Chordata ( three 

l!P.nera). 

According to Kluts' (1q6f ) cl assification of areas of population 

in l r>ntic wa.ters onlv nne zonP of the POnd could clearlv be defined, 

thP. l ittoral zone. Thi s zone con s i st s of a rP. P.'i on of shallow water 

where li irht reaches the hotto~ and r ooted plants irrow. Although a 

limnetic station w~~ desi a:na t0d and represented the onlv open water area 

of the ponrt b,v the stri ctest de f i niti on i t was not a limnetic zone. 

The arguement for r1. 1imneti ~ 7, onP. ha s some bas1s by i ts broadest in

terpnitation whP.n ~onsider1na: t.h~ rlefin1tion to include, "sufficient 

liRht. nenetration f or nhotosynthesis" ( Reid, 1961). The question then 

ar i se s i Could liP-ht. effectivel v nF>nP.tr ate such turbid waters to facil-

i. t.-3.t.r> nhotosynthesis? The mi nimum Secch i disc r ead in.er represents twenty-

f t Of th P maximum rlP.nth of the pond anri five percent light our percen . . . 

tran ~mi. t tan~e at tha t depth. It is therefore con~lurl ed that light 
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n~m•t.r rt+.ion t s ,-.nff-\ dent. -f"or nho t.Qc; vnt.hPs-\ s a nd a maximum de-pth of 

1,42 meters iR nnt suff1~1Pnt to rlenict a ]imnetic ~one and is done in 
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Figure 1. Road and Travel Map o f Mon tgomery Bell St at e Pa r k 
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Figure 3. Dissolved Oxygen Concentrati on at Four Depths within t he 
Wood.lam Por:rl. 
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Figure 4. Oxygen and Depth Measurements for Seven 
Dates within the Wood.land Pond. 
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Figure 11, secchi Disc Readings for Seven Dates within the 
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CHAPrrn VI 

SUMMARY 

A survey of selected. physical, h 
c emical arrl biological criteria on a 

woodland pond in Montgomery Bell State Park, 
Dickson, Tennessee, has 

been documented. and evaluated.. 

The stu:ly began March 23, 1974, arxl extended. to June 29, 1974. 
Dtrring this period the pond was sampled bi-weekly. 

The pond was found to be of a permanent type, retaining varying 

amounts of water throughout the year. The pond, its basin a product 

of excavation, is considered a natural one due to the interaction of 

biotic and abiotic factors creating a seal. 

Oxygen deficiencies were found in all but the uppermost level, 

and temperature variations were noted with depth. 

Turbid conditions existed throughout the survey and correlations 

were noted between Secchi disc values an:i total dissolved solids, 

Rainfall was found to be average for the survey dates and water loss due 

to evaporation was noted. 

Fluctuations in carbon dioxide, total hardness, hydrogen ion con-

centration, oxygen, nitrate am ortho-phosphate were noted, Consideration 

. ted t nd in the physio-chemieal make-
was given those values which sugges re s 

up of t he pond, Excessively high readings for ortho-phosphate on May 4 

d t t he oxidation of a chemical reagent used 
were considerro erroneous ue 0 

in det ermining these values. 
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There were twenty-eight genera aeoounted for during the study 

:representing four animal phyla and two plant divisions. The animal 

phyla. included Protozoa, Rotatoria, Arthropoda and Chordata. The 

plant divisions included Cyanophycophyta and Chlorophycophyta. 

Only one population zone could clearly be described in the pom, 

the littoral zone. This zone consists of a region of shallow water 

where light reaches the bottom and rooted plants grow. 
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Morphometric data was collected for the pom including, maximum 

depth, length am. breadth; shoreline length and developments surface 

area am. volume, am. mean breadth and depth. 
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