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"~'triP mines' are 'a ;ma:j:or, soUr6~,~,~;~::c6.a::l;:,<~n,the u~ited " 

~tates. 'Mbst of ,the'mi~~'~ ar~';"l:p~ated' ;~h"ti1~,\.~~pa:lachians:~the
, . ~. ." ;. . \. ,;-<':, Ie • , ' 

. ; .. ' ,.~" ": '~~.' '.' .,". '. '. ".."".1,', ' ',." ,~ .:' : . '. :. ", ". . '. . .

South, ,and,' the ml.d'tV'est. Over 10Q,000 aCres have, heen'm1i1ed l.n· 
, ..,:~ ~.~.1 .~, /~? i' " . ",... , ',. '~', /" ' 

India:p.a and, it is estimated, that;.;:"a,:,COmparable, a:moUhtof I'and 
'-, . " '.;- ". 

can 'still: be 'e~ploited~' 'One resul t c;:if.~,th~~ ,'area' strip ,mining' , 
J:.' ';', ,", . , ",.' , 

method;, 'in flat regioqs, :is the: 'forma:'t:L~h' o~: ponds' Cind lake,S'" 
.!, .. ' .. '-'; ':.;., , ' ." .' , ,.' " '" 

ranging in area from, ~ few htindred square.' meter!:F to.' several' 
" , .,:' " ",; - . , . 

" " 

", ' 
, .'-, 

.. ,,' 

Irdtially' these' strip mine,,': l~kes ~re ~9i'qic a.ndl1ave, hig 

ion c6ncEH~tratio'n's due' t~ leacping6fmateidal' f'r~mthe 'sp6il 
" ..,. , .' ". ,;. . .,", 

bankS: byr~offa.ndgr6Und 'water. :'I'l1e ,acid' condition' is, ,the
;"', ,:' "-,' 

result'of 'oxidation 'of" ironsul;fide.:With'time the lakes be

comes chemically and piot,i'cal'ly related "to ",'!:ne 'natur~~ ,small, 
, " 

l.ak:es of ~he'region" although'the' "proce.s'~:Pf re'coveryis var
,.,' . ", ,', " ',' 

, '. ' 
. ., ' ,. '. ' ' " , '. , " ' ' ,.' " . : 

iablefr6m lake to,lake, and'ch~onolbgi~al and ,?cologJ.cal age 
, , ' . ".;' . ,,' . 

are not,necessarily correlat.lv~~ (Smith,-1971)'
• " " ',I ' • " ." 

, • ~, ' t, • 

, In nldiana strip ~ip.ing'i,s 'confinedto 1 the southwestern, 

fpar:t 'Of ',tpe'state,,. on th~ easternmost portipn ,of tlle ,Pennsyl

vanian :;?:one~:\":hich extends' int6',mo~t ,6fIllin'ols.The, 'present. , ." , " " ',' . '., . 

study ·wa~' done on three strIp mine' 'lakes ,located in'Har,r~son',' 

Tatvnship' of 'Spencer, Countv., ,Indiana (T4 5 ,R41~, SW~,.. Section7, 
, '~ - , .', . " , 

NW~, Sebtion 18), one and ,?ne...h~lfmiles'east of M~riah' Hili, 
;" .. 

north'of:'P.S! 460.;'Their ba'thymetric' de's'cripti'ons' are as,fol-, 

lOI-IS( Glad ieux, i 975 Y=' ", 

" ' . '~," 

, .", 

http:correlat.lv
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Area ( sq. m.) Volume (cu. m. ) 

Lake I 17,981 331'620 

II 4,972 19,552 

'III 23,,1.92 58 ".561· 

-...;....,-----~- --~------~---- ------- .-,..---,--------'-1 

A preliminary study of the three :lakes by Cge, ( 1972) 
- • ~p' ", '. 

included physical, chemical and biotic d'escril)tions •..:.Ea¢h-:lake 

\V'as found to be in a: different o(,recovery from its in

itial acid condition. Since each lake is of :anpro:xiinately the 

sarne age chronologically, the 'findings of Campbell, ..(1964, 1969 

concerning disparity betw'een and chemical condition were 

confinned. 

Lake I, pH 7.4, was found to be the mo'st biplogica,lly 

productive of the lakes and in the alkaline stage of recovery. 

Lake II, Ph 6.4, in the early: alkaline,. stage of recovery, 

I·ras the least productive of the three ,la1<es. 

Lake ELI, pH 7. Ot \Vas in the intermediate stage of alka

line recovery, although:its'JJi6logical productivity was closer 

to ,that ,of Lake II. 

Sulfate ~ms the predOminant ion in all three i~kes. This 

corresponds with'the findings of Smith (1971). In all cases 

the sulfate concentration was higher than tpe natural lake 

, Smith used as a control. 

Lake populations are generally 'related ':to, pfI. Alkaline 

laJ{.e (pH <.7. 0) populat.ions are more closely related to those 

of natural regional lakes. Acid lakes (pH)- 7.0) shOl'T lower 

http:23,,1.92
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productivity and deviant patterns of diversity (p,e'rmaJ{, 1953). 

Sulfate, as the predominant ion, may als'o be 'a factor in deter 

mining lake productivity. 

Because of the broad scope and timelhnit.ation on Coe's 

"VlOrk, aata on aquatic invertebrates necessarily remained in

complete. The purpose of the study ioTas 1) to expand the list 

of invertebrates living in the lakes, and 2) to discover what 

influence, if any, pH and sulfate concentration may have on 

the invertebrate populations of the lakes. 
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All .data 'i';ere'collected b~±w:een Sept~mber... 28 ,and ',Novembe'r 
" 

- .", '. '- . . - . '" 
'~. , '. , 

5 ~ .1~7:5 ~B~~t~ic sam~i~l3 we:t:"~ CO~leiC,t<=,,Q:'(;m:'N9vemper::i<and. 2" 

Work 'i-TaS ,done'froIn' a lE):-fo,6t flatbottom boat eqitipp~cf ivith.>a 
; .. ~:., , ',',' , . , ., ", . ' . 

, .. ' '.',' 
", "trolling ~'m~tor,~' 

,~,' , 

, "Plankton.::'SalnPleS.. ivere\-taken,·i:;tt.h·::~~·pl:ankton: ,towirlg ne,t :: ' 
, ' " • j ": • f":' . : '~-:' .' . ,,' <,' ' , " ': • '. .' ~,," 

'(6::[1:' diameter ,1"6 in,.\',d.eePJ':' si': :cu:~ . in.~ :voluine,'n-wnlJer :'?:o, s'l;a·:;;· " 
'" ..... 

dard 's,ilk:bOIting .ci~th). Ttl}'O tYP~·s. of sampJ,~s' 'trere'fuilde. ,Ver-·.· 
.",;' " ' ;-'" -. ,"'.-,'-', ,"" "; .:.' " ' " , ,,', '. 

tical.' ~afupfes 'tl}'er~ ','taken by Toweriii~(·the' net to vTithin one' 

i~~t"Of the' la]{e·.,bb~t:~ ,fro~ :th~"~o~'t,'>:~~~then~l~~~lY' r~isin 
.- . " ,.' , ' 

"" .'~ .' ':, " , ." , .' " ,.:"" . " '"" \.,~, . ., , '." " , 

Sl,lr,f,ace •· ..To,t~T sample;:;we;re made, by tra.l.l,l.ng the 
, . ',. " '."'" . 

net behind the hoat:"~t,a" depthbi',l-IO f~~b for: .adistance of 
" " ' .. , . 

\lP to; 30.Q feet and·'tic\::' le,ss tha.n .100.: feet'. 
, '. , ,. 

" Tow'" $~ple'S w'e'~e "take,n along':i::hepetime,t~rs', df',~~ch:lak~, 
,'. ,.". 

dm:m '..the 'centers, of ,.t!hanneis and,' across::'open .areas .·Vertical 

samples· were .t~ken:>, at': regular i~te~als ,ivhere . the,' \"~'-ter 't~as 
.' .' • • . ' .' • n \. ~." , , ". ' '. '. ' 

m~re .tha~':siXfeet de~p •. A.t .leas:t bneEiample. 'of ecichkind i-Tas 

taJ-;:enih :~verY'extremity of' each lake. "', ' . 
, , 

The 'nUmber of'samnles" takeni\TaS, based on ':the·::a'ssumed vol 
, ',' ", . :.'", ..... ...'; , ,',"., ,., .. ::. ,.;."' .:' .,: ' i" ',):'. ,_ 

ume Of..each 'lake r~la::ted to' th~ 'surfaceart:!<!l. ~ven,ti-t~ee .. 

samples ,were takeri'f~om La~e I:,~.'", 1~ I fx:riW<{~CJ~~';"~I" and,}l ..f~.om 
.... ..... 

',.~ .Lake III.', 
, . 

.. , '"'' • "', " "'. '. '. "'i'¢: ,: . . , ," •tI

Samplesivere placed l.n, Jars; o:f 5%, fOl;In?lll.n, gene~alJ,y 
. " ;'.~ ,:, ,;;~. 'f. 

three sample to a ja.t::. 'An e~rU~valent' of .one . .slidE7. pe! sample' 
., ' .: t " ,,' ,; . ,:J, ": ~,': ,:~' t ' <.'~..,'I 1" ' , ,,' //"'" "I, 

was· made from,:'the settled contents 'of each jar:.' r:ehe: coverSlip' 

of each,'~iide. Ylas'di~ided ;intO':'+6:i~~al ~~~~:i~'~ ;~' h~ipDle .
" ." , '. : < ' , • ~;' ", '. ." '.'.-: '. ' • ,. ....t.,' 

.., -,.' 

http:tra.l.l,l.ng
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,j. , 5',;; ": ",;.. :;- :, ,,' .-,,: 

, /' . :",f 

Micrometer, Reticel (21.15 mm." dia:me,ter d;isq )" 1.ni,s,piaq~d,' in the 
, . .'" ~":',.. . .:.~ ,f,' '. " • . , '.,. ' . ,', ' • :. ' , 

eyepiec~of the mic~6:sc'0p'e usedo:·:i.h'ide~t.tliC;at±on~ 'Ariima:lS' 
.' '.,". '. 

',i' " ,~:' .",. : 

lying: 1'lithi,n the mic'rometer' g'rid' 
~ 

'vter~co:Ur1'ted in ,ori~re'present
" "', ' , ,. " . ,.' ," " " . ' ' 

, ': 

species "iithin each square but Qot present within the mi6~omete 

grid':was .. noted separate~y,. "'Anima:l~, as large' orlargei, than 'the 
, , 

grid w'ere counted':in' the square as: 'a whole".' ' 
., ,'" 

,A 'small, homemade, Cai:"ipbea~::A:-ype,: dredge:: '( 12' in., 'high',by • ' 

10 i in.,1-rid~ 'py 24'ih. deep:" 288.0 cu~ in. yolo f 1:10.8, u,sed, to 
, , 

collect,benthic. ,samples. 'r'he d~cadg~'1vas 'l6.-w:~red :l;rom~j;e b~at' 

approximately 50, feet from shpre' and then.pull:ed into shore:, 
;' ' . 

,-rith a 'one-half inch nylon rope, ,thecuttj,;ng edge digging ,into. " . 

the bottpm,for' the ,entire'distance. ~ppro~imat~lY an'one-third 

of a gallo~ sample ,vas taken from each dre~girig and':p~t' in a 
. .~ 

g'allon jar., 
, , ' . 

"samples' l'Te~e ;.taken at random positions along, the shore. 

t-' " 

5 'sampieslrere takenf,rorn Lake, I, 4, from Lake' II., and '7 from" 
.' ,", 

La~e II~:~ 
... ' "" 

APproximateiy :,500ml. per' sample,or ]:500 rill. per gallon', 
" ' -' ',' _.' , ; . " ~, , '.' 

jar 't'lere'taken ahd11'ashed through' a ser~es,of 6, sel:yes, rang-: 

ing in ,size from lQ'to 230 ;me~li~s ~er lireq~' inch~'Tlie, content 
., ' . " ,. '. . .' . 

from ea.Ch se i ve' (exc~pt ,the f :Lr.~t,? i;.;nich' ineyery' case con

taii?-ed oniy r~cks and large de~ris) l'rere, 'stored "in' jars 'of 5% 
"'"',, : 

. .. ..- ,.' ,. . . . ", ~:' ' , .' 

forma'l~n. Twenty-se,ven:sl~des were made from La]{e L saml?les, ' 
, . 

12 frqni,LaJ{e II,and, '21 frorn Lake,II±'~ Animalswe:te',:c6~n1;:ed ' 
. ',,~ .'.

on' th~ .s11des, as a wh61~~. 
'r "'. - ,I .1'" j'. "; i'',! It " J 

, ,":,. 
I 

" .',' 

, " r'- :~':' !.ft 
.~{ ,;. - ..! . '. ' 

.. ' 

"",' 

" 

3>, 
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Literature used in identification of the invertebrates 

included Hard and Nhipple (1959), Penna1~ (1953), and Eddy and 

Hodson (1961). rrhe phyletic scheme used in all tables vlas 

based on 'Hard and Nhipple. Tn most ';cases limnetic organisms 

I'Tere classified to the species level, benthic organisms to 

phylum or order. 
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HEStJLTS AND DISCUSSION 

Ral'! data for all tables on limnetic samples can be found 

in Appendix I. Animals counted ,.,ithin the micrometer grids 

w'ere tot'alled(T)" and species frequency (presence 1·rithout re

gard for number) was recorded both within the grids (PI) and 

1.;ithin the squares outside the grid (F2).· 

Calculations made from the grid totals 1.,ere percentage 

frequency, (% PI): the m.unber of grids in i'Thich the species 

I'Tere found divided by the t.otal number of, grids (Table 1); 

diversity: d = SiN, where S was the number of species and N the 

number 'of organisms counted; density: 'tota;t. 'individuals divi

ded by the num,ber of slides; rcentage composit'ion; the num

ber of individuals in a taxotiomic group divided by the total 

individuals in the lake (Table 2). 

A second, percentage frequency (% F2) i'laS calculated based 

on the frequency of animals i ....i thin the squares in'co which the 

coverslip \Vas divided (Table .1). Asolanchna, Cladocera.t Cope

poda, and Insecta larvae,' as large or larger than the grid, 

were counted vithin' the squares. 'A total percentage frequency 

1vas calculated for each lake by dividing the number of squares 

in \·rhich organisms of each species (F2, App:•. I) i"ere present 

by the total number of possible. squares: 

Lake I Lake II Lake III 

Total % F 12 ,8.9 11 

'



--

Table 1,. Percentage frequencies of species in· ...Lakes I-III. Fl based on presence with.~n 
grids; F2 based on presence within squares. 

Lake I Lake II Lake III 
PROTOZOA Fl F2 Fl F2 Fl F2 
RhizoEoda 

Order Amoebaea 
Thecamoeba·verrucosa 	 0,,5 2.9 
Pelomyxa palustris 3.3 14 	 709 15 

Order Testacealobosa 
Arcella megastomata 0.5 7.3 	 0.2 0,,2 
A. mitrata 	 -- 1,,9 
A. vul~aris 	 0.3 2,,4 0 0 4 0.6 1.2 
A. dentata 0,,8 0.,2 

Centropyxis aculeata 1.1 

C. arcelloides 0.2 

Difflugia urceolata . .1 Q 2 2.3 41 43 

Do lebes 5.7 12 3.9 6 .. 3 15 

Do oblonga 0~8 

Lequereusiaepistomum 1.4 

L.. s;Eiralis· 5~4 5.4 


Order 	Actinophyridia 

Actinoph;yris sol 1.9 6.5 -- 0.2 


Ciliata . 
Order HOlotricha. 

Paramecium caudatum Q".2 0.2 
. Order Spirotricha 

Histrio. histrio -- 0.2 0.8 
COELENTERATA 

Hydranematocysts 14 14 64 76 
ROTIFERA 

Order Ploima 
"Branchionus plicatilis 0.3 . 	 0.2 0.6-'"1" .. 

EEiEhanes clavulata 1.4 	 10 2 
E .. santa 	 0.5 0.4 
Kellicotia longispina 	 1 .. 9 2 .. 7 30 47 0.2 0.6 

OJ 



Table 1 (cont'd).
ROTIFERA (cont'd)

Keratella cochlearis 
No~holca acuminata 
Lepadella ovalii 
Lecane depressa
L. ohioensis 

Lake I 
Fl F2 
92 97 

Oa5 

- 0.3 
1~1 

Lake II 
Fl F2 
30 92 

lB9 

Lake III 
Fl F2 
94 95 

0.2 

0~4 1.8 
L. elasma 
Monostyla lunaris 
Scaridium lon9icaudum 
Trichocercas1milis 
T. multicrinis 
~~ longiseta
Ascomorphella volvocicbla 
Ascomorpfia saltans 
A. ecaudis 

0.3 
0.8 

2.9 
00 8 
.0.3 
0.5 

24 

0.3 
2B7 
0.2 

64 
2,2 
1.9 
1.4 

53 
3.5 

1,6 
0.8 

-.,. 

-
3.5 
0.8 

0.8 

--~ 

2.0 
3.1 ' 

,0,.. 5 

0.2 

54 
9.4 
0.8 

16 
0.4 

Gas~ropus h~op~us 0.3 
G" minor 
G. stylifer i 

Chromogaster ovalis 
Asplanchna spP. 
Polyar~hra vulgaris
Syncheata oblonga
S .. pectinata

Order Flosculariacae 

0.,3 
0.5 
0.6 
9.8 

65 
29 
19 

1.4 
0.5 
3.8 
9.8 

90 
58 
32 

0.8 

0,,2 
0,8 
0.6 

19 
40 
13 

3,,0 

0.2 
0.8 
4.2 

19 
64 

'29 
6.0 

Filinia minuta 
F,. longiseta
F. branchiata 
FB terminalis 

0.5 
0.5 
-

0.5 
0.5 
1 .. 4 

0.4 0.8 
1.0 
0,2 
0.2 

' :2,0 
3.0 
0.6 
0.6' 

Pompholyx sulcata 
Tes~udinella patina
Trochosphaera solstitialis 

Order Cbllothecae 

4.3 
0.. 3 

4.3 
0.5 
0.3 

0..6 2,,8 

Cupelopagis'vorax 0.3 
'Unknowfl rotifer 13 

,Total ro~ifer.: ,spe<?ie's:' ".,'Z2' 

0.3 
38 
TI , 9 

3.4 
~ 

0.6 
-10 
"ZO II ill 
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Table 1 (cont'd)o
ARTHROPODA 

Order Cladocera 
Sida crystallina 
Holopedium gibberum 
Daphnia longispina , 
Camptocercus oklahomensis 
Chydorus ovalis 
C~ lacustris 
C~ faviform 
Polyphemus pediculus

Order O'stracoda 
Order Copepoda 

Nauplii spp. 

Diaptomus siciloides 

Cyclops vernalis 

Orthocyclops 

Ectocyclops 

Parac¥,clops 

Ergas~lus chautauquensis


Insect larvae, 
Order Diptera 


Chaoborus sPa 

Other 


Order Lepidoptera 
Order Odonata 

Total species 

Lake I 

Fl 


1.9 

40 

0.3 
0.3 

1.4 
0.3 

41 

37 

3.5 
4.3 ,
4.3 
5.7 

, 0.3 
0.5 
0.5 
~ 

F2 

1.9 

40 

0.3 
00 3 

1.4 
4.9 

76 

37 

3.5 
4.3 
4.3 
5.7 

0.3 
0.5 
0.5 

W-

Lake 
Fl 

6.6 
1.2 
7.0 

0.4 

0.8 
2.3 
1.2 

47 

56 

3.1 

2.7 

505 


32 


0.8 
o.. 4 


0.4 
~ 

II 

F2 


6.6 
1.2 
7.0 

0.4 

0.8 
2.3 
10 6 


72 

56 


3.1 ,
2.7 
5.5 

32 


0.8 
0.4 

0.4 

29 


Lake III 

Fl F2 


12 12 

2.6 2.6 


19 19 


00 4 0.4 

0.8 0.8 
0.4 0.4 

29 67 

45 45 

5.4 5.4 
2.6 2.6 
1.0 1.0 
5.6 5.6 
1.8 1.8 

0.2 0.2 

4I""""" ~ 

o 
f-I 
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Table 2. Population parameters of taxonomic groups in limnet
ic samples. (Based on grid tabulations.) 

JJ. 
It Species # Individuals 

I II III I II III 

PROTOZOA 6 2· 7 50 22 883 
COELENTERATA 1 1 66 981 
ROTIFERA 22 5 18 1838 . 847 1605 
ARTHROPODA 

Cladocera 5 5 6 2·22 47 187 

Ostracoda 1 1 1 1 3 2 

Copepoda 6 6 7 477 695 704 

Insecta larvae :3 3 1 4 4 1 


TOTAL Ijlj: 23 Iff 203B" Ibl8 "Lj:"JOJ 


Diversity (SiN) Oe 017 0-.014 0.009 

_ .pe.nsi tyOI)slide ) %Oomposition 
. , 

PROTOZOA 2.Q 1.4 28 1.9 1.4 20 
COELENTERATA: ,3~ 0 31 2.4 22 
ROTIFERA 

': . '80 53 51 69 52 37 
ARTHROPODA 
Cladoo~ra 10 . ~··3 6 8.4 2.9 4.3 
Ostracoda . (.1 <'1 <1 ..(0.1 <0.1 «0.1 
Copepoda 21 43 22 18 43 16 
Insecta larvae"· <.1 .. <1 <0.1 <.0.1 <0.1 

TOTAL & ror· I4f 



! ,': " 

1~ 

species "tinique' to each l<ike, and those found, in tW,6 ,or 


,three lakesa~e' deta"ii~ci inTat>1~: :3 and ~Ummarized' iri" Table 4. 

", ' 

Insecta la~ae,;'~hi~e n.ot divided into, spe,cie,s, at,'e ,s~parate 
',' ", '" I~ .' , " 

taxonomic ~.roups' and 'are regarded "a~, specie,§", for. counting'p:ur"'; " ", 

poses. 

, , :',' 
'.: . t ' 

'LiOtke'; I show~d' :the' greates~" nUmber ot: ,~pec~es (44)~' the, 

gieates't;. -diversity o;e' species (0. ()17),!'ari.d'the hig~'~t "freq:uen - ': 
. '.' , ' ',' ." .,." ",', ' . 

cy: 'of sp~Gies ,(i2%)' J'T~ble 2h, TJie, density' 6f:ipdi~iduals ' 

,( 116/sii,de:'y "~vas. 'int~rnt~d~at~~~, Of"the :tota,l'speCies: 'O~':,~he', 
, " ':"', '" '" i ..' '; " ,.. ',' 

three"lakes, .:21%i~~re'.'unique' to' Lake 'I',}Tabl~' 4,). Thembst' 
':.." " 

,,' ':t~porta~t gioupsw:ere Rotifel:'a' ,(,69%), :cope'poda (l~%J,' ,and' 
, " : 1,' , • ," ..'., 

Cl.adocera, (~.• 4%)., 
" .'. ~, ' 

',' :" Lake' :II' ~hoi;.red th~ ,smal1e'st nu'rnber o,f 'species ~ (23), the 


, 16i~est" t6tai f~e~~irc~ ,,( 8:.'9%i~!':and',den~~ty"( lOl/s:i~de),' and 

•. -'•. " :', ' • " -, • " 'r ,." ", • '. , .. , . ' 

~'di.Y~rsity: (0. 01~n nea~:;LY,;,',a~,;'gi:'~at;,'a~\::tr.t~t":':Pf ,:r;~'ii~~7~ I"i'(Tci~i' 
,: . .••• '>.' '. ",' .• ' . " , " " .. ' ", " 

,bIe' ~ ),., ,Only' 4,.'2% '~f the tot.~l:,::'sp,ecies:' ~~~te: ~ique' to.':~ t1;te " 
., , .., ,":, '. ',' .... ":,, :",,\ ..',::..:v" ,> ~~,..'~;~".;,~'~·;:f/,:",· .' ", ',:.~,:. ~ . 

laJ{e,o:tfo~nd in' common \;;i th; ..eHther·otliex"lake· (Table 4).' 

c'.. .~ Rot,if~~a~rerethe""d:'6minant':~i~~~"(32%l",,~,~i~0~~h;6l:'le'S~'imP~r-
tanee than"in' L~~~J·~:.'· .co~euoda: '1~~r~;;';t\v{c~~' a'~ '~po;~~~~" '( 43%.>' , 
'. ,;', .~',~':.: .".::.,:' ',- ..'...... ~, ... , .. b~~~ .. ·",:l:~:::...(f,: .... ' .. ',.,:. ",,', .,'~' 

,as the~op~pod "populClltion,of/:;L~k<:~:~,; , The~:,s=I~'q6ce~an ';1(0pulatior 

" ',' was,,'s:ig~ificantlY'~ed:uced,,':'f'rQrn"8:4%tO.:"i~:~9%.• ''.1,'/..". ,,' 
, .' • '," . '.i. '. . . ," I.t~.', . 

Th~: 'number .'Of"':~peC:les.' (41:{'{hi 'L~k~'"i~'4'f~l~:'bet",~eri 'the 
,,' '.' ': T ..: '. , '. ,,' .' "", '.. '" ,.' • ..:" , ,., ' ' , ,:. -": -'"',~ ~. 

tot.als for '~;;ikes ':( and'J:I" though ,t~etP:t~l ,vas' closer to'tha 
. ' __. ".. '1,;.:' . ': '. 

, " ",Of' 'L,akEf,'I (Table', 2")" The ,diversity~' CO'. OOg') '1vas: the,l6west of 

,theth~ee ~ "~6iOtU~e, ' Of" :th~ '~re'at ,~ll:oobers ' Of: Hyd~a riemo.~OCysts, 
. ~ " ': ' 

. .', ~ 

r.: J r j' '" : ," 
'.' ',. ,:,'.' 



Table 3. Distribution of species in Lakes I-Ills unique, common to 2-3 lakes. (Based on 
presence ~Tith.in Sqllq.·~§!9.;) 

PROTOZOA 
Rhizopoda

Order Amoebaea 
Thecarnoeba verrucosa 
Pelomyxa.palustris

Order:.'Testacealbbosa: 
Arcella megastomata 

, A. mitrata . 

'A. vulgaris' 

A. dentata 
Centropyxis aculeata 
C. arcelloides 
Difflugia urceolata 
D. lebes 
D. oblonga
Leque'reusia epistornum
L. spiraIIS' , 

Order 	Actinophyridia

Actinophyris sol 


Ciliata -- 
Order. Holotr1:cha 

Paramecium caudatum 
Order Spirotricha
Histrio, histrio 

COELENTERATA 
,Hydra nematocysts

ROTIFER.A.. ' 
Order Ploima' 
Branchionus plicatilis
Epiphanes clavulata 
E. senta 
Kellicotia longispina 

Unique 	 . ~. Common 
I . II III 1,11,111 I,ll I,IlL 11,111 

. . . 

X~------------------~----------~~-----~--------~~---~-----
-'--...;.---------~--------.,..~-------------_:_~-----.---.<X .. --.-.~~,----

. ------------ -,.. --.:. - -;.;. --- - ---'- -';'" - ---- ~ --~:.,.---..: ---.~,-.- -"- ~'- --,-
X----~-~---~----------------~-~-~---~~~-~------~-~--~-----
------------------..;.--------:.,::X>-.::.·----....i·--..:--------·-----'-----

.-------------------------------..:----'-.;,.-- ------ ,·:X .-----'----

~~=::::::::::::~i~::::::::::::::::::=~:::=::::::::::::~:::: 

---~---- -- - - ------...: - - -- - ----- -.;...;. - ---.::.:.-.;.---- ------...:-- -- -:.:X.... - 

,------ ------------- - ------···X,~·..:..·- --.:.. --------------'----,--.---
X.. -- - --.------~- .... - ----- ---------:-------~-----,----------:...-"":"-
--- - -- - ._- - - - -..,. -. ·~X ,----- - - --- - --..:.---- - -- ~ -,---- - - --:-...; - -------
--- --- - ",X,' -- - -- -- - - - - - - ---- - ---'-- - -- "':'- - -'- - -.:""-- - - -- - -------

--~-~-----------------------------------------:X~---------

---------------,X..-------------~--------------------------
----------------.x .---------------------~--~-------------~-
'--..:..-~ -- - - - - ----- --....;- ----------- - ------- - - _.- - -- .". ::A",. -- -------

---------------------.------------------------- X,. .. ---------
---------------------------------------------- X ---------
------------~------------------~-----~ X ----------------- 

~. ---------~----------------- x ----------------------------
w 

. 



________________________________________________________ 

----------------------------------------------_______________________________________________________ _ 

Table J (cont'd).
ROTIFERA (cont'd)

Keratella cochlearis 
Notholca acuminata 
Lepadella ovalis 
Lecane depressa
L.. ohoiemsis 
L. elasma, 

Monost¥la lUnaris 

Scarid~u.m longicaudum 

Trichocerca~similis '. 

T. multicrinis 
T. long.iseta 
Ascomorphella volvocicola 
Ascomorpha. saltans 
A. ecaudis ~ 

Gastropus hyoptus 

G. minor· ' 
G. stylifer'

Chromogaster ovalis 

Asplanchna spp_

Polyarthra vulgaris

Synchaeta o9longa

S.. pectinate. . 


Order 	Floscular1acae 

Filinia. minuta 

F. longiseta
F. bran.chiata 
F. terminalis 
Pompholrx sulcata 
Testudinella patina
Trochosphaera solstitialis 

Order 	Collothecae 

Cupelopagis:vorax

Unknown rotifer 


I II III 1.11,111 I,ll 1,111 11,111 

xx --_______________________________________________________ 
x ________________________________________ _x -_____________________________________________________--

x ----------------------------x ________________________________________________________ _ 
---------------------------------------------- x 
x --~--------------------------------------------------------------------------------- x 

X 
xx---------~------------------------------------	 _ 

----------------~---------- x ----------------------------
x .----~-----------------------------------------·x -- ______________________________________________________ _ 
x 
X .--------- 
X 


---------------------------------------------- X 

---------------------------------------------- X 

X 
X 

x _________________________________________________________ 
X 
X 

x 
x -	 X 

X ________________________________________________________ _ 

X -------------------------~------------------------------------------------------------------·X ...... 
',r::.. 



Table 3 (cont'd)
ARTHROPODA 

Order CIaocera 
Sida crystaIIina
HOIOpedium gibberum
Daphnia longispina
Camptocercul:;l oklahomensis 
Chydorus ovalis 
C~ lacustris 
C" faviform. 
Polyphemus pediculus

Order Ostracoda 

Order Copepoda 

NaupIii'spp~ 
Diaptomus siciloides 

Cyclops.vernalis

Orthocyclops 

~ctoCyclops~ 
Paracyclops 
Ergasilus cnautauquensis

Insecta larvae 
Order Dipters,

Chaobop"Lls sp.
Other --. 


Order Lepidoptera

Order Odonata 


I II III ItII,III I,ll 1,111 11.11 
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Table 4.,Summary of species distribution in Lakes I-III. 

Number % 
Uni9.1l~:' 

21 

II J 4.2 

III 8 11 

Lake:I 15 

Common,;' 

Lakes: 1,11,111 21 29 

1,4;2 ' I,II J 

1,111 19 26 
• I'" 

, 1l t III J", ,4.2,e 
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Difflugia, and Keratelia co~hlearis.: The density of individu
, , 

. "a1.s ';( 141/$lide) .'tv~shighe9.t."Of ',the. tota'l species;: 11%',1vere' 
.,'. 

unique to La}\:e I~I;and26%we,re coimnon,to'i,ake',I'(Table.4)/ 
, " " 

.' ,', 'The, importance ' of'Rotifera .w·as reduced 'to '37%,: ~,.~hile ' the' fm...., 
•..... '.' '. '" "",,'.".' .. ','1'. 

portanc.e,of prot6zo~:< 20%) and Coelen.terata( 22%,) were giea.:tl 
" " 

increased~, Copepoda cOmposed 16% ofthe(>pbpulatiori;' . "t'rhich .{s,', 
, '. ': ~'. ',:-. .'.', .' ~ ,.' ,". .'. ,,',' .-., ' 

. ' .... ,'" ' 

cbmparabletp Lake, I,~ Ciadoc~ra' ..composed, 4,. 3%, of ''the" popula~; 

"'..: 
" 'tion~ 

',,' 

Season'al' :variation' .. " ', 

I' 

" '" , \' ,

Maxima:'for ..-Z09ptankton;ar.e reacheciin spring and" autumfl, 
. " , . ..... .' .; . '.:: :', .', ~ 

although these max~a vary gr~atiy 't.dthi~ 'di'fferentlakes",and' 
, . . . ,'. ' . 

. , 

for diff~rentspecies (l'Jeich, , 1961h, Li'ttle, information is 
" '. '~:' . 

available ':concerniilg the seasonal, cycles of' Protozoa' and mi


crocrust~ceans; more infohna'tion is: avai~abie on y~~iations 


in Rotif'era; altho~gh ,this is, inco~plete.> 


Diffi~ghl., the' only protozban ',genus'9f importance' in the 


lakes' (Table 1), 'are planktonic from June ',to October (Hutch....,' 

'. , ., .':, .. ' , 

ins()n~ ,1967) • : All lakeS sno"tved "~ome.~,m:if'ftUgis!J.,' La:k,e.':'I,I I" more 
. -' . ," '.. 

.. .', 

so than t.heother$ '{Table 1) .., ' 


Bydr<a ShovTS a'bloom in 'seB~ember..;.octob~r' (pennaJ~~ 1953). 


Such a b.1oom"was evidetit. inLakeIlr.~ 

, .'.' .. . '. :, 

IrregtUar activity is ustial iri'rotifer,s, and' predictable 

patte'rns are hard' ,to' 'find (Reid, 1961). The most abundant spe

, .,'::, ;',:,,: ',', ,":~,':: ',,:, ,~,:: :;".J 'f : ,:~:,:~ , ' . " 


cies in Lakes I, II and III \Vas Keratella cochlearJ.s.'It show 


a' June maximUm and a temporary auttunri:' in:9pep.se, and generally 
_ ", • .' ,. '~w • ...~' • 

predominate~ year round (Hutchinsbn,' ,19~7,')~:;: polYarthra vul 

I, \4.: ... 

,,' .... '. 

http:in:9pep.se
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has an autmnnal maximum (Hutchinson, 1967)~! cind its relative 

importance in LaJ~es I and III (Table: 1) i'TaS probably related 

to other factors. Synchaeta oblQnqa and £. generall" 

sho"tv ~axima in October~ so their importance in Lakes 1, II an 

III was probaly as great as it could be. ovalis, 

"t-Thich \'las of small importance, generally reaches .its maximum 

in September (Hutchinson, 1967), and so is prpbaBly never 

important in these lakes. The same is trHe of Filinia, 

mornha =::="=0.= important in LaJ~e I ,as vlell P.S Pombhol}2;; sul

cata, are on the decline in October, their maxima having been 

rea"ched in August. (Hutchinson, 1967). GastJ;.QDuS stylifer.and 

Ascomornha ~~~~ reach their maxima in,June and are normall 

rare in autmnn (Hutchinson, 1967). 

Cladoceran seasonal cycles are comparable to those of ro

tifers (Hutchinson" 1967) and may be higllly irregular (Reid, 

1961). Generally there is a summer maximum \'Tith a bloom pos

sible in October. ijoIopedlumgibberum generally reaches an Oct

ober m~~imt~, as does Daphnia longisnina (Hutchinson, 1967), 
I 

which is the dominant cladoceran species in LaJ{es I, II and 

IXI (Table 1). !==rystallina and polyphemus 12edfculus 

r~ach maxima in June (Hutchinson, 1967),. and neither of these 

species were strongly represented in any.of the three lakes. 

There is no iridicatien in the literatjire of ~exceptionaily 

large copepod populations in October. species. other than the 

0l1es present in Lakes I, II and III generally reach their 

peaks' in August and are on the decline' by October. HOi·rever" 

there is a possible emergence'. pf copep00s from diapuse in 
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Oc'tober,' \"hich may ;i.n<;:lude from a very '$e1v'individuals to the 
, , , 

total copepodpopulation".'(Hutchinson" 1967');" 

Themi3.jorit.y'of: zooplank,ton eire sedi1;nentiars (pennak,i953) 
',. . '. .,.', 

and fee~:l ona.lgae ,of, various,size's~ 'flag~lia:tes. and,'dirioflageH 
. " . 

lates. T;p,e preci~e relation of food to Z.Qoplarik;tol1.:"~S' a': limit"': 

ing factor is diffibult ',to detennine in the'case, of' sediment- , 

ers.' Reid,(196l:) suggests ,that in some' Hl]{8S ,the relation does 

, ,hot 'app~ar; important. An unusually large: phyt,oPlankton, bloom 
", 

in not necessarily followed by a comrnens'urate, zooplankton' 

bloom; and. neithe'r is an ,untlsuallyla'rge zooplankton, bloo~ 
, \' . ' '" 

'< necessat'ilY prece¢led: by, a, commensurate' ppytoPlahktbn~r,)loom 
, , ' .' ", '. ,',," . " 

(Hutchinson, 1967);.' 'The reiatlon 'between food di'stributioif is 
"' " 

at best uncertain (liITelch, 1.952) .• ,Phytopi?in~ton: datSi 'for, the ',' ~ 
j , • • .' .' ,~ 

threel~kes nave' ,been collected by' Ernstb~rger:.: (.1975) 'but 
, " . - " 

Raptorial,~r carnivorous" inver,tebrat:~s'±nclude' Hydra,' " 
" ' , , , ' . ;' , " ", ,'. , , 

Asplanchna,. sync'llaet9-, Trichocerca,' polyrihemUs "pedicui-us ~nd 

the'cy~iopoid c~pepOd's~ ,TheYfe~d 6~ 'protozoans', a'nci' other 

rotifers,and,:'microcrust.aceans' (excluding "ostraCods). Some' 

feed on, dia:toms as ',\;;'~li (penn~k~ 1'953; ,': ~Jtchin:~~h'~: ,~;~:~:~ J 
, .,'"! ,', " , , " , . , 

Welch, 1~S2). ',: J, " 


Tt.j-eive, predatory,' species ;~re p;e~ent';'ln 

,~. ,'. 

, " 

,££!simii±s ,.(:&2 :: 64%) and Synchaeta obld.tiga '(l"2 ""= 
,." 

58%) ,ver~ 
,", , ,', ' , "': .Y~': -.... ,-, . -,' ;, ' . 

the m~s't,llnportant .. :synchaeta pectina;ta'·{FZ.<;' "32%) was of rel
" . " 

ative importance~" (., ' 

,",':' ',< ':;" 

, I, ,

", " " 'J:.': i 
, .': , .', ,1',, ;

-! r' 
, , , 'Y' . ~; - ",', 

,,- , ~, .:.:' 

. ,', ','. '," " 
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, Lake' II' cOrltaine~"onIY six predq,tory 8,pecies, and only' 


paracyclons CF4 ;:::,'32%) ·'(.;as ,of ;relative::i~portan,ce.' 

".,' ' .'. 

La,ke IIIc~rit~ined ,the: ,hi:ghept riu;Uber' of pr~datqry' speci:es 
, "'.. ",' " . .' ','; 

(14) .,Hydr~, nematocYsltf3 :'\·~re: of 'great.. ;UriP9itaI1C~ (F2, :=.76%) • 
• , ' :'. " ~ '., 1<. ' .' : " • .' • ,; ~, , • " :", • : 

Trichoce:tca'siinilis' ,('F2 ~:'.54~~'), svnchaeta"obionaa (F.,Z ~ '29%) 


~nd As·tilanC1u1a:.(;~.',:; 19%}·.held:'Dositi~fi~·:::of·relative:irnport~. , . 

:,', ' a~ce·.·· ·The 'importa~c'e" of th~ p~e~at:ory' .s~~cie:s·· 'it: .La~e· III m~y 

~ ", . :, ' ' . , . , 

". , • " ':', .." I • • • .,'

be rela·ted to the 1m;; dens~ty and percentage, 'compos~ t10n of . 


:r~ti'fers:'i~: ~his" l~:ke:: (Table'2) •. ..'. ..': . 

• ' '. ' , : '\ , .{ ': ; - • .:' J:-' ':". • • ':'. 

,,'.:, ,I' '.' " '. . -', 

, '; "". , 

;"', 

:pH and Sulfates 
.' ':" : " 

GlcidieuX .,( 1~~)75') has. upda\ed',coe tS(1~.72}:··data: 6rt:- Sulfate 
.' ' , . , .' 

, " " 

:'" 'Lake I Lake III . , 


pH' .7.0. ,:':' :,( ~'~~)i:" . .. . 6.9 

\ ~ . : ~ . > 

, ',' . :,' 
"!,: .: ',,\: ,'" '~,\" .. 

Sulfate ',; '( il,ig •Ii,. ') 55· '. .... 105-· .:" ····95 
:" ' '; " 

,'.",':.' ., 

.' The number: of' species :tilthin' eacho laKe" dorresponded rough":' .. 
'. ' .. ':,;' ' ~\, ;: ,i, ........ i.:,.. :-:,:. \./ ";;'!, ')/:, :',:;::- :..1'. .' , . 


,ly·to the pH •. :Lake .1.; . at the ,~6ilTest: pH qnd' Sl.il,fat.e'·- coricent,ra--:' 


tionj had 'th~mo~~::~~ecies (.59;)'''(T~blel:''~2) .;. LakEr II', at the 
, ' , • ," ~" , '~ .'. ' • _ '.' , '. 1~ , • '" " ' ',' 

.:highe~t, pH and s~lfat~ ~on~entratipn~ :'h~abnly,half:as ~any , 
,'. 

U " '. " ':). 

(.291 (T?lb1e 1, F2) •.Lake III, at. nearly' the~ saxnepH ,as. Lake I ~ . 
" ' 

had fEhler sp.ecies'(52~(Tablel, 'F2) but.,a~higher density alld 

'.(' ,a: 'diVe~::dty6niy..paif:that of :Lake'I" (rpa:p;le . 2}" ..iv~ich may' 
, , 

, ;', . indicate a 1irititation.,:related .to..the higher sUlf~te· content of 
".' . 

'. _. ,~fthe lake.'." 

, ", 

-' " ':,' 

'., ".' ~, ' . 
'., i 
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species COlU.1110n', to all ''',three ',l<;lkes and to Lakes I and III, with 
. . ' , . '.' .,' . ' , '.' .' 

some, exceptJ.ons, shmITed lower frequencJ.es J.nLake III:than 
. ,. ' . ' -' ' ''. " " , . , . 

, ' 

in Lake I. Sbecies common to all three, ,blkes : generally: shmITed' 
, , ,.". -, ., .,'. . 

the ,IO~lest, f requericie's in TJake II (Tabl~s 1 and ':3') " 

A great majority, of: prbt6:;;~ans' l:i.ve"'bptimally'~t~ pH 6. 5~ , 

:8.0 (Penna};:, 195~). The,number,bf, speciE¥s' (Table 1"F2Y'in 
, 

Lak~ I,(10)and Lal~e"III (lly iy:ere simil9-r',thoughonly, Lake,' 


III shovTed a high '~E;!:t:'centage •cqmpositiol). (200;.f) ( Table" 2), ,and'

" ',". • ',>, . 

den~ity, (28/slide') (Table 2) and' this Of",'onlyone spec'ies, , 

Diff1 uqia t.lrceolata '(F2 ~ '43%) (Table 1).' Lak~ .II, ,falli:ng b~-
",' . 

, low' the optimal range,,' showed" only 4, sp~cies, none,Of them, 

important (Table, 1). '12e,iomvx~' palustris, identified by: p'ennak' 

(1953) ,as 'apol,lutibn species,:,l~as absent"from,' ~a:kejl" and 

ShOl'led only, a slightly higher <importance in La]{e" III ('F2' == ' 

15%) 'thail in' Lake I (F2 == 14-%) • 

Host species' of Hvdra do ,:well in medium hard waters, ' pH 

" 7. 6-8 ~ 0, (Pennak, 1953'). T):1eir:pr~se~ce-:"£!1 lJalte 'I' and,' III. irid~ : 

icated,that sur'iTiva:1 ispossibie at.- a hIgher pH. Their ~bun-' 
, . " ,', 

dance in L~ke III may be relat €:d'to St.llfate ,as it relates. to 
, ' .. :'-; . 


,!;\Tater ha,rdness .. ..' ' 


Alkaline 'genera, of rotifers include,' Asulanchna, Branchio 
,; . '. '~:.,'l. ~ '~_":..'.::.',1:.,/." .... ,. ".,.,:·L:,,'., 

'nus, Fiiiriia and Notholca c{;9H'('7.6)'. "Acici"gehe:tai"lridlude 
• ,I " " 

tepad~:L1a, Monostyia, 'Lecane' and:: Trichdcerca" (pH '''''7~O )',., The' 
. . .~ :" " ,.', '.' ',: . ," 

.vasttnajority of rotifersar~,' tfanscui:-s'~f~ 'and :)£~l~r~te ' ailTide ' 
. ,," . ' '. ':':~'" '.. • .~, .. :. ,: '.' ':',,: : ,:.,':, ,.~:.:: .. ' " '. !~~':- " , . ", '" 

varieti:'Of E:colqgJ.qaJ, conpJ.tions (geg,n~k, '" ~:.9,,5;3). ",\ 
'. "" 

," ',' 

Lake I 'contain~d members' Of' ail":alkali'rie ';ana ac~d' 'genera~, 
, , 

, ' , ~' " " , 

Only Trichocerca sJ-milis 'vIas ~ i~!?9r:taht ,::,(,Ft;,p4%) ,;ipominant ' " 
, ,,' , :~. ~ , ',~ 

~ ... ' •. ,' ~" ~~ .o, 

'.', ~~ : 

• '~. 
! 

\. .' ", ' ~ "i' 1 :. 

, """~ ': 

~" •• ,1'" '. , , 
" 

, " . ~ . 
. ',. 

.;" ~' 

http:frequencJ.es


specieS'"lvere:I{eratella cochlearis (F2 '97%) ,polyarthra :vuJ.',:" " 

aaris (F2 = 90%)~ Trichoce~ similis' (P:2 64%) ~ Synchaeta 
" " 

obloriga' (F2 =, 58%), Ascomdroha saltans (F2':!.: 53%), and, Svnchae I- ' 

ta pectinata (F2= 32%). 'Thirty-three' ,spE1cie's':0f"r6tifers Were 

found in Lake I ('Table 1 ~ F2 ),' 

Lake II contained only,orie member 0+ an alkaline genus anc 
'. ", 

tl)ree members :of bvo acid gene.:pa, none, pf importance. Dominant 
, ' 

species l·rere: Keratella cochlearis~ (F2 ,92%), and ~_IJ.icotia' 

longispina: (F2 =, 47?6). The importance of' .K~' cocleari~ 'was ., 

slightly, reC!uced from' Lake 
. ' 

I, ,( 97% ,to" 92~~~ F2), 'I;'lhile' E. 10nqiE 

pin~, negligible in Lake I:, 'was greatly iric:r~ased (1. 9% 'to 

47%, F2)', suggesting an affinity: for th~' conditions of iak~ 

II. Nin~,species of rotifer's 'I;'lere found,; in Lake, II, (Table 1, 

F2) • 

Lalce III contained five ' members:of,.. thre,e, alkaline genera~ 

of 'I;·,hich ,only ASPlanch.l1a~ (F2"::;' 19%) was, relativ5=ly important, 
. ' , . 

and siX. members 9f ,all four acid genera,6f 'I;"hich~:Ttichocerca 

similis (F2 = 54%) ,iV'as importan.t. Domin~nt: speciesife're: Ker
i 

atella cochlearis (F2 = 95%), ,polya'r'thra vulgaris (F2 = 64%), 

Trichocerca s;imili$.(F2' = 54,%)" Svnchaeta oblonga (F2 = 29%), 

j\,!3:pla,nchna (F2 = 19%); and Ascomdroha 'saltans '(F2 16%). The 
" 

importance of 'K. cochlearis in Lake III,was only slightly 

lesseneCi from its importance in Lake I (97% to 95%, F2) and 

slightly iricreased'i"rom its importance i,l} La]{e' II (9,2%'; to 
'''1 :,'. .' .;~. .: /: I", .' ,:t ... ' ':, 'I 

95%). The importances of P. vuig~rfs' (90%' to' 64%) ~"":r., 'similis 
" 

(64% to, 54%), 2,. opidnaa( 58% to 29% )"an~,A•. saltans (53% to 
: ", "":; l/!i' ,.,' k_:" , . . ,I 

16%) were all significantly req\ice~(i o,:e:rpmL,~k~'I J the: impqr-.'· 

'I, 
'. 

"""" 
'J! . " 

;., \ 

.. ' ' 

- ~ '~. 

',i 

";" 
,. 

..; 
! ... 

:. 

" I' 

';), . 
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tal'lce ;of Asolanchna. ~,~S qoubled frOm' 't-rha~ i t·,'ras f~, Lake I (9.8, 

:to 19%>'~ The fbur. decre~sesand the one 'inc~~ase may'be' :cela,

ted. to "the sulfate concentrati.on. TlV'enty-~ix' specie:s,ofroti,;;;,· 
',', .'. "'.  • I , 

fers~rerefound in"'Lake III '(Tabl~ 1, F2) i 'altho1,:tgh their :' 
, ' 

,importance vrithin ;'thetotal'POpulation'iya~" s'ignific:antly lesEl 

,than 'in La]{es I .or.II.(Table. 2)'., ,. ,. ' . 

Most' Cladocera occur:in"~ 'range, of pH 6.5-8.5 (Pemnak," 

1953) .::Cladocerans 1"ere o:{ the greatest .imt'0rtange in Lake' I, 

(Tab·le. 2) ~ The dominant. 'species vJas, Danbl1t~.,lonaispiria' (F2 == 

:4,0%) •. The, importance of ,the cladoce.rans' i~S .Signifiqantiy ',te;'" 

uced.'i~Lake:;:.I:I;:O ,abo~t one,. third what: it was .in Lake'I (8.4% 

to2.'S%" Table: '2):.12.' .longiso.ina' (F2 = 7%) and Sldacrys'talli'" 

!li'! . .(F2 == 7%) were of greates,t, importanc~.• This relative scar-', 
. . 

cityc0n:tpared. i:.o.LakeI ~ay',be' related,to the harsher chemica~, 

environ.nent of Lak~' II .Cladoc~rans '~ve~Epabollt half ·~'s import-
e' ,~ ,,', " ....' 

ant in 'Lake ;l:II. (443 %, "~able 2). as' iq ,I,p.ke ';1: (8'~ 4%) ,; "J2,.'1.Qrtg . 
", ", 

reducedd,~in" importance from Lak~ I' by ha.i:~"i§. .•. prystal1ina ' 

(F2 =::12%) is, o~ se'C:ondi.mPb~~~nc~'~"inhil~~~~ "~~~b~~~h~'~'it IvaE 

ostracodsa~~tole.rantqf'a \vid~,:,variety, ~f ecological 
. ,:' . . '·l· :. ... . ' . 

'" . 

copJppds are., tolerant of a ',:,1:ride,'r' range' Of~C~~rfi±Cal con-
o!.~ • J 

, . ':', 

Similar, imp6rta'nc~Jn Lakes I' (18%, T~,bie";:~i'): and' I:II (16%) • 

.... 
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Diaptornus': siciioides: \vas : the qor:ninant species in poth lakes, 
.... '.

though it-: \';as, more ' import~mt in: Lake 'IIX (F2 =: '45%r ,than in 
".': ,'; 	 :": 

Laker'" (F2 = 37%)~ 't'~pepods' were: ~v~r t\~,ice: a$impo~tant: in, 
1., ,. ,,:. '" ' ' "",.' ',' -' ,,' ".' ' ,: "', 	 ,',; , ',', 

'La.~e ':i:I,'(~3%,. Tab'le, '2)'. '12. 'siciloides was 'agEdn'dorninant:(I?2'''; 
.:- ' 

56~b), ,'ciAd,' significanti'y" more inlPortant'"th,an in'Lakes ::tor' III~' 
, ' " , " \' " , 

,paracyci fORS ·~""o;'. sec'p~~· '~irnp~rtanc,e ... .j;~ ,,~~'ke' ,1:'1 " . (F 2"~'~ "',32%) ,:' wa~ 
much more: 'frequent:: than in Lake ,I' (F2, ~<6fo) or Lake ,III (F2' -" 

6%) ~,: ,:~i'~ 's~g~~,~t~' 'th~ t:'. these, ,'~peci~',s in~~,,' ha~e 'an affinity, fo ' 
" 


'high~r 'PH and;o~;stilfCltes.':;,:', ',", "':' ': 
,,' 


," 	 ,\', 
~ , .. 

,Iqsecta'; ',iarvae ",tolerate a' range of pHS.•'6~8 .,5 ,ci'nd a' very, 
'" '~" , ," , , . ': 1,,:,/ :f.~. .' ',;":~ ,;' :'" ,'\ ,:' ;.:";. ',':" ',', .' 

\~id.e"'ra:n~,~". of' sulf,ate cph'centrati'onsy' bu;1r':this",is'very ,c'iose'-:' 

iy':rela'ted to'iric:i:i:v-idti~.l speci~~' (RQbaqk.,'";·'i'974')" 'Siric~' l'arvae· 
" ..' , 	 . ",' ,,' .'. .', ,'\' , .,", ' ."\,' ;, ' " , ,': ,'). : ~. ' 

, • ' ," ,':, "" "~, .~~ i_ ~;~:·"."·'~f::~ I.:'....· .S';'j...~: ' ,~ , ' , .' " 

, " :\V~re npt,·"classifie.d :to this level':,',-l'i t·tle,iicail/be, 'said....,\ '. ,.' ,,:,,'; .,'~:- "'7' " ,',~; ':.: ~':: ,:'<." '~' : ,,' :'" ' " 

s~a·S()nal v~ri~tlon' among':"~p~;:{~·~,ana.':'Oi~i thin-::th~:- thr~e,: 
, .,r, ' 	 ,'!:, , ' - " 

• ' .... ' 'ff. 	 " ',' ,.' '. ',' '~' .' ;,',1 _, . '. ~ "', , ,', '.: ~:.' . : . 

l'a]~es,'(3:n:d' :the 'effects' of otherqheinica"l.: f,a.~t.brs such, as' cal-, 
, ,,' 	 , , .,.' \ '.. ' , ',' ,', ~ 

~ium 'ariq::"dissoi~ed ·'oxyg~h 'h~:v.e·.·· n'o,t':;b~eti:-'measured ~~ sciith', (1971 
, .', , " :" ~ . ': " .' ,'. .' " . 

, ," 
'. ',,' I",' indica'te'~ ;"c{ c~'rrespondence 'b~t~v~~:~ '~'ulfa't~ ·.~~d t~t~l' 'hcp:-dness, 

-. ~' ,pu·t ,thi~·.\~a~i~s withili ea,~h'l~'k~~ ;::asdJ~';""~"l?H'~~':,~sulfate: 'coi1ce,ri~.'
",,',;, 

" " tra'tions'~nd pH' are ··relatea:·,.rftnin,: each" ··iak~. :' ~~{~/~~rieral": o~ 
'", "', 	 ' ," ,,"',,", . 

. . servations :,:bf,:~"pa:tt~rri's" of ,speci.es pre'$enc~,::'c:tnd,.a.1?Urida:nCe:'a;e 
"'" ,. 


"'possibie .from, .'tl1e',i:i~~~·n't data'. " "". : :",' 


" 
:1 ' 	 '",," 

" ;.' , ..... 	 " 
, , ," :. '.' 

" ' 

" ;,, . , ,'I', , 

',I ' 
1 ,,:., ,",' . , . I.,"'":' \' 

, "'-:'.' 'J, 

. , ',' 

. Ra~v .'ci~ta· for>r~·J::>1.e·.5 can befou.ri.d .ill A'ppendix '11 /COUl1tin 
:, ~ , 	 ,.,' '. ~.,~' ',' '.' , " 

.was.. done' on th~' slide. a's'" a' whoi~'~~ .Taxqn'omic' gr()up~ ~ w'e;re' c;tna.':'"-::., .. ' . 
. . 

"".,''iyzed.'·fO~ p~r~eiitClge:~7frequency" "derisi ty"'and .pergenta:g~'compo;"; 
, .,',"'," , 

,I : 

. ,,',. 

,J,' ;. 

':" " 
", " .. ,"
:,'," , ': ,.' ,.' , '.' 

, . . , ;'
"",' j'\ 	 . \' i " ,"" :' 

.. ,' " , '< ,', : ' 
. ,,',' ", :' ~. , ",.,' , " ",.-"'\ ','

,'.,," , 	 :', 
'~ , 

"'" 

" ,:' 
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Table 50 Population parameters of taxonomic groups in benthic samples. 

%Fr~quency Density...#/slide % Composition 
I II III I II " III I II· III 

PROTOZOA 
Difflugia lebes 78 58 33 3.3 1.3 0.9 12 8.7~ 5.. 6 

PLATYHELMINTHES 
Turbellaria 93 92 67 2.4 2~0 1,.3 ' 8 9 7 .13 8.2 

NErlIATA 93 100 100 2.3 4.3 2-.'3" 8~3 28 .' ·14 
GASTROTRICHA 19 33 ,10 0.9 0'.7 0.·1 0~1 -4.4 0.,6. 
ARTHROPODA. 

Ostracoda 100 100 100 15 5-.0 9".0· 57 33 55 
Cladocera 

1'2 0.4, 6,8 .:2.3Ephippia 89 50 24 139 .. 7.7 
02 1.1 

Insecta larvae 
Diptera

Chaoborus sp. 15 19 0.6 . , 0.7 2.2 5.8 
Lepidoptera 14 

: 

0.6 3.5 
Trichoptera 56 26 ·52 1.1 0.5 0,8 4.2 3~3 4.7 

TOTAL ~ ~ .r-o--

Copepoda 833 .. 
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Gladieux (1975) has updated Coe's (1972) data concerning 

pH and sulfate concentrations in the benthic materials of 

Lakes I, II and III: 

Lake I Lake II Lake III 

pH 4.4 4.3 4.4 

Sulfates (mg./l.) 450 225 265 

The benthos of all three' lakes ioTaS of approximately the 

same pH; the sulfate concentrations varied ,ddely. 

Invertebrate groups present in Lakes I, II and III are all 

benthic organisms common in natural lakes (Table 5). HOi'lever, 

rotifers and -copepods, frequent in natural.benthos, did not 

occur in LaJ<;:es I, II and I • Presence of these t,vo groups 

may be chemico.lly or depth related (Yielch, 1952). The total 

density of individuals in Lalces I, II and III (Table 5-) sug

gested that -.a higher sulfate concentratfon indicates a largel 

ben-thic:; ,crop. , 
Ostracods were the predominant organisms in'each'of the 

lakes. Their density and percentage composition in Lake I rel

ative to La](es II and III suggested that qstracods .may be tol

erant or thrive at higher sulfate cqncentrations. 

Of second importance in Lakes I, II and III were Nemata, 

and·the percentage composition'indicated that.:these o~ganisms 

may prefer a lmler sulfate cOl1ce.ntration, although the densi

ties indicated that other factors may be involved. 

The remaining groups did not correspond to the sulfate 
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ratio, and explanations must be sought elsew"here. 

Smith's i\Tork (1971) suggests that benthic maxima are 

reached in November-December. Since data were collected at the 

beginning of November, it is possible: "the one or the other 

lakes had reached its maximum, although it is more likely tha 

maxima ,,,ere yet to be .reached by all three lakes. 

All the benthic organisms feed on dead plant and animal 

material, except for Turbellaria and paracyclops, \vhich are 

predatory (Welch, 1952). There is no evidence to suggest that 

the predators have any significant effect on the rest of the 

benthic population. 



': ~., 

28 

" " 

" 

:~ 

,. 

, SllMMARY" ,,J', . 

,Data coliected for this study 'shQ1;ved,', Lake I' to 'be most, 

produ~'~"i~e"'of '~~oi;iankto~ ~ndJinve;t~br~tes'., Ei'ftY~~'ine' specie_ 
-. , . ,'" 

, . ..' ':' -, , : 

\'7ere pr$sentasoppo~ed to 29 in Lake ,II and 52, i~L~){e: III. 
" ',' . 

La.ke'rtr, 'ho,revel:, "showed the,"gJ;eat~l?t d~nsitYOfiri~ivid:pals~ 


LaJ~e I"~n inter.med..i~te~lount,and Lake' Ii the l.owBst.,Species, 

- '. . 

divers.1.tr ~'Tas l6"Vl~St inLake'rIJ~ ,highest: ,i'n 'Lake Ie 'Ove,rall .' 
" " 

f:requency of individqal,s, ,vas highest in, Lake I, lO\rest in Lake 

IT~ 

Sulfates ~and pH \V'ere considered as possible: limiting fac'~ 

tors ~ Lake 'I, pH' 7 ~ 0, 5:5;mg ./l.sulfa,t.e 'tv~s the most fertile 

for the most ·species,. ",Lake II ,;pH 6. 3'~: l,o.5'in9,. /1. SU~fate, 
was :the.' least ,fertile, for the' fe"lest ,species with twoexcep

. -. . . ' :,' 

" ' .. 

! 
I" "., J 

learis, >: polyarthra .J.uldaris, :rrich6ce':tca;,'sinl±'~is",;. s.ynchaeta:<:' , 

oblongS\ ~'f Ascomorbha 'saltans ~lld':DEili~ia .Jongi'~p'in~·:;~hQ1;.,ed low

erfrequepcies at":higher. pH or,suif.at;e"qoncent~at.iol1-s. Kellico 

tia. ~longis'Dina;, Asp'lanchna, cDiaptomu.§, "siciloidesahd 'Paracy
, " ,',' :',,' "'" ' , • " :' ("" :":':: \,; ", ':~';'--" ',: : t:" ~'" ',' , "I , " 

clops,'showedhigher f:tequen:c~es at'hig:her"'pH,and" sulfate con"'" 
',,. "," 

..~,'centratiOns., " 
" "J 

Other factors p,?ssihly related to the', population differ':' 
..f' ',_, 

~n~es a.m'ong' the ,'lakes could be'seas0l1a':t. va:~iaJ;ion~ f~e9ing 
, . : "" " ," - ""." 

habits of, the i~vertebrates~~and,'cllemical factor-snot measured 
'," 

, ,'.',' 

','.. ' ..
',' i 

,I 


·i 
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Appendix..,:r; • 	 Anima!scourited withingr:Ld's ,( except' Asplaiibhna, Clado'cera ; Copepoda . a:nd In
s,ecta :la~vae, which . were,.. counted in' the: squ.are ,aSa whole).,a:nd'f:)pecies fre'~; 
,que,:nOY~'wit,hingrids, (Fl) a:nd'within 'squarE?s (F2).' ' . 

"' ',:' 	
" , 

. , ". ..'.' . '. "Lake II 	 Lake III: ,,Lake'I J.T.'PROTOZOA " :, 	 T . Fl.' F2.' T>"'Fl F2,' .Fl ,F2 
Rhizopoda, '. ;,' 

, ,,:, ~, 

Order .Amoebaea " . 
': ~ 

,~ " 

' ..,:: '::: ~.:, 
.~~..;; .. 

--.~Thecamoeba yerrucoSa .. ' 3- 2.' 1.1, 	
;'-' .~::' . --' .' .'" :-. ~ ..:;.,-- ., 'c:" 

.~~: . -'f'.: -- -:"..... .,,~ :::::Pelomyxa palustri.s,. . 	 12 ·,51,: -~- :. -:-',.. :. :>.,,41 " ,~. 39 . '7.2'15: ,-'~


Order'Testa:cealobosa 
 :""'" " 	 ", 

-"-,: ".~;.' 

., . , ' 

, A.rceila .megastomata . , '2' " 2 < '27' 	 -- ,'. 1 ',,:",,1,:' '.' 1 
, 'A. mi.trata :. 	 '7 : -'. .... .......... ,-

, ,Ao "vulg.aris '-- '" 9 	 ::i.' ~ ,":' .':l: .>,- 6 
~ . ~" , --	 " 

"A. dentata .: . _-' 	 .--
l' 

, 
, ':l ',--. ., 

.' :...- --' .' .,.... 1 ' 
.' '. '.-', 4 "'. ,~ , ... ~ • ,'1' , 'Cent:ropyxis, aculeata 	

;.," 

, .-- --,'
,..:::;.:: .r1. . . ::-; .' ~ ~ ~\ 

. 'C .. arcelloides. :, -- .' - ;"-.: -'- ".--. :, 

--

~', 

, ',,1 . 
,Difflugia,urceolata. '.' ._.-.,.:.t·._.: ., , 

:-- . j::.'." ' ·6 . 203 214 
. 21 ," , 31' 74'.' "D. lebes' 	 21 45 ·10 

, , Or"oblonga:-- : 	 ,'.' 3 .,,~ Leque'reusia epistomurri: --' 
" ' , ·L.spiralis .' .' 	 17;,' ,14,- , .. 14., _ ,,-:- 

'.~ .

:'Order ActinophYridia.· 	 .. 
.', ' 

'Actinoptiyr~S' sol' ...' , 
'" 

24 --	 ._..;..... , . --'.-' 1, 
. - ,"Ciliata' - c, . , ' , , " ~:-

Order 'Holothric.ha". 
," 

Paramecium caudatum : """'- -- L, 1", 1: 
'Orde~ Sp~rotricha:' 	 ,', 

.. Hi,s·trio: hist:tio . 	 -- -- .-- -- ,1, 1 " '4' . 
" ~ -' 

,:COELENTER:A:TA ." , "':. -.' 

,,~ .' Hydra', 'nerriatocysts . .' '66 5,~ 52, -....: 981 316 '371' 
. ,,:l~OTIFERA.'~ ',' .' .. ' , ".' 

'- . ;.; ~, 
, 'o' Order' ,PlOima. " ':.. 

-~ --	 '':l".', "Br'a:nchionus, plicatilis 
" 

1 -- '- ;.. 	 ' , ..J.2 
: 	 . 6'EEipha:nes clavulata 	 -'-'." 	 , , 

.:.... 	 ....,'E :senta:' ' -- --
',2 
5 

: 
;~~, -:. ,1 

-- _ 
..'. 

~-,--,-~-.tt--_.. 

. 

" 


. ,', 

W 
tv 

http:Holothric.ha


--

--

--

Appendix I.(conttd). Lake I Lake II Lake III 
ROTIFERA. (cont'd) T Fl F2 T Fl F2 T Fl F2 

Kellicotia 10n!isPina 7 7 10 93 76 121 12 12 23 
Keratella coch earis 1003' 339 356 747 217 235 1004. 467 469 

Notholca acuminata 2 

Lepadella ovalis 
 1 
Lecane depressa 	 1 
L. ohioensis 	 4 
L. elasma 1 1 1 

Monost¥la lunaris 10 1
3 3 
Scarid~um 10n9icaudum 2 

Trichocerca s~milis 15 11 235 4 4 9 10 10 27 

T. multicrinis 	 8 8 2 2 2 15 15 473 
T~ longiseta 1 1 7 4 

Ascomorphella volvocicola 2 2 
 5
Ascomorpha saltans 105 89 195 	 2 ,24 23 79
A. ecaudis 13 2 

Gastropus hyoptus ,1

Go minor 1 1 ' 1 1 2
5 -- -IT:" stylifer. 2 2 2 	 4 115
Chromogaster ovalis 2 2 14 	 213 3
Asplanchna SPPt> 36 36 ~6 92 92 92

Polyarthra vulgaris 355 238 330. . -- 298 197 317 

~~chae~a oblonga 132 10'7 : .213', 2 102 62 146 

S. pect~nata 81 68 11,8 	 .,'-- 17 15 30

Order 	Flosculariacae 

Filinia minuta '2 6 10
c 5F. longiseta 	 2 2 2' '1 1 2 1 1 15,'
F. branchiata 2 2 5 --.. 	 1 1 3 
F~ terminalis -,- -.---	 -- 3
Pompholyx·' sules.ta 18 16 16 3 3 14 

Testudinella patina 1 1 2 
 --	 3 3 14 

.' "Trochos1haera sol~titialis' 
~-	 1 

Order Co lothecae 
Cupelopagis'vorax 1 1 1 3
Unkown rotifer 62 48 141 17 17 50 1It3 



Appendix I (cont'd) • Lake I Lake II Lake III 
ARTHROPODA T Fl F2 T Fl F2 T F1 F2 

Order Cladocera 
Sida crystallina 7 7 7 17 17 17 63 .59 59 
Holopedium gibberum 3 3 3 13 13 13 
Daphnia longispina 206 148 148 18 18 18 10) 92 92 
Camptocercus oklahomensis 1 1 1 
Chydorus ovalis 1 1 1 1 1 1 
C. lacustris 2 2 2 
C~ f'avif'orm. 1 1 1 
Polyphemus pediculus 6 5 5 6 6 6 4 4 4 

Order Ostracoda 1 1 18 ,2 2 43 3 3
Order Copepoda
Nauplii spp. 201 151 278 207 120 183 239 145 330
Diaptomus siciloides 210 137 137 314 143 143 378 225 225 
Cyclops vernalis 13 , 13 13 12 8 8 27 27 27
Orthocyclops 16 16 16 15 7 7 13 13 13
Ectocyclops' 16 14 14 14 14 14 ::,8 5 5
Parac¥clops· -.. 21 21. ' 2i" 133 81 81 30 28 28 
ErgasLlus chautauquensLs 9 9 9

Insecta larvae 
Order Diptera

Chaoborus sp. 2 2 2r.:' ... _ 

.. ..,Other 1 1"" 1 1 1 1 1 1', 1 
Order Lepidoptera 2 2' 2 
Order Odonata 2 2 2 1 1 1 

" , 
, , 

" ' 

" 
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Appendix 11. 	Animals counted on slides ma,de 
ples,' 

# Indhdduals 

PROTOZOA Lake' r Lake II 

Difflu€;ia lebes 89 16 


PLATYHELMINTHES' 

" 

\Turbellaria 	 64 '24 
' 52 
NEIVIATA 61 


GASTROTRICHA 5 8 

ARTHROPODA 

" 


Ostracoda 417' ' 61' 

Cladocera 


.' "Ephippia 50 14 

Copepoda 2 


Insecta larvae 

-\Df'ptera 

Chaoborus sp~ lQ! '" 


Lepidoptera

Trichoptera 31 6


183,
TOTAL 	 733 


" ' 
<'I." 

" " 

from benthic 	sam

Lake 

19 


28 ' 

48 


2 


188 


, 8 


20 

.12 


' 16 

m 
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