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- States. Most of the mlnes are 1ocated 1n~the Appalachlans, the

N"South and the mldwest, Over 100 OOO acres have been mlned 1n

. can still. be explolted One result of the area strlo m1n1ng

'ﬁ method, in flat reglons, is the formatlon of ponds and lakes A

- acres Approx1mately one acre of water forms for every 8 or 9

acres mlned (Smlth, 1971' Coe,tl972)

B result of ox1datlon of 1ron sulflde. Wlth tlme the 1akes be- Al

'oart of the state, on the easternmost portlon of the Pennsyl—

4lows (Cladleux, 1975)

INTRODUCTICN

Strlp mines - are a major source of coal 1n the Unlted

ea comparable amount of 1and.

Indlana and it 1s estlmated thav;

ranglng in area from a few hundred square meters to several

Inltlally these strlp mlne lakes are ac1dlc and have hlgh
1on concentratlons due to leachlng ‘of materlal from the sp011

banks by runoff and ground waterg The a01d conoltlon 1s the-

comes chemlcally and blotlcally re1ated to the natural small
lakes of the reglon, although the process of recovery 1s var-:
1ab1e from lake to 1ake, and Chronologlcal and ecolog1ca1 age
are not necessarlly correlatlveal(Smlth, 1971) L

In Indlana strlp mlnlng 1s conflned to the southwestern_‘

vanlan zone, whlch extends 1nto most of Illlnozs. The present.
study was done on three strlp mlne 1akes 1ocated 1n Harrlson
Townshlp of Spencer Countv, Indlana (TAS, R4% swﬁ, Sectlon7
NWa, Qectlon 18), one and one*half mlles east of Marlah Hlll,

I

north of U S 460 Thelr bathymetrlc descrlptlons are as fol—,:



http:correlat.lv

) Area (sg. m.) ' Volume (cu.nmn.)
Lake T ' ‘ 17,981 : 33,620
TT 4,972 | 19,552
TIT 23,192 ¢ 58,561

4y

A preliminary study of the thréeniakeé by P6e7(1972)
included physical, chemical and. blOth descrlntlons.mFach lake
was found to be in a different stage of recovery from its in-
itial acid condltlon. Since each lake is of~aaoroX1mately the
Same age chronologlcally, the flndlngs of Campbell (1964, 1969
concerning disparity between age and chemlcal condltlon were
conflrmed. A |

. Lake I, pH 7.4, was found to be tﬁe mbéf biologically
productive of the lakes and in the alkaline stage of recovery.

Iake II, Ph 6.4, in the early alkaline stage of recovery,
was the least productive of thé three.lakeé.

Iake ITII, pH'7.o, was iq‘the intermediate stage of alka-
line recovery, altﬁoughfits‘biblogicél productivity wis closer
to that of Lake II. -

Sulfate was the predbminant jon in all three lakes. This
corresponds with the findings of Smith (1971). In all cases
the sulfate concentration was higher~than the natural lake
|Smith used as a control.

iake populations are generally related:to pH. Alkaline
lake (pH <7.0) populations are more closely related to those

of natural regicnal lakes, Acid lakes (pH > 7.0) show lower

Ao
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productivity and deviant pattékns of divérsity‘(Pehnak; 1953),

Sulfate, as the predominant iéng may also'bé a-fac?or in detery

mining lake productivity.

Because of the broad scope and time‘jliﬁiﬁation on Coe's
#ork; data on aguatic invertebrates necessarily remained in-
cbmplete. The purpose of the study was 1) to expand the list
of invertebrates living in the lakes, and 2) to discoﬁer what
influence, if any, pH and sulfate cdncentration may have on

the invertebrate populations of the lakes.

K




S 5, 19?5 Benthlc samnles were collected on November 1 and 2.

,”k'trolllng motor. i

A “1, was . made from the settle& contents of each Jar.‘The coversllp

’ ME”HODS AND MATERIALS

) All data were collected betweenSentember 28 and November;’

fﬂ Work was done rrom a 16-foot flatbottom boat equlbned w1th a A .*ﬁ

5

. Plankton samples were taken nlth a plankton towrng net
(6 1n. dlameter,]filn. deeo~ 81 cu. ln. volume, number 20 stan"
‘\{‘dard s1lk boltlng cloth). Two types of samples were made. Vér*ji
Atmcal samples were taken by 1ower1nq the net to wlthln one |
<‘~foot of the lake bottOm from the boat,'and then slowly ralslng‘xa

-the net to the surface. Tov samoles were made by tralllng the

o ||net behlnd the boat at a depth of 1-10 feet for a dlstance of’”!\

.>f3 up to 300 feet and not less than 100 feet.
| mow samp es were taken along the perlmeters of,each lake,
l';down the centers of channels and across open areas._Vertlcal )
samples were taken at regular 1ntervals where the water was
' more than smx :eet deep._At 1east one sample of each klnd vas
taken 1n every extremlty of’ each 1ake.”lf:} | A ‘A |

| The nUmber of samnles taken was based on: theﬂassumed vol~"t

“ume of each lake related to- the surface area. Twenty-three

e
v

sanoles were taken rrom Lake I,} 16 fromﬂgake II, and 31 from -

e - .
[ e, 4

‘f Lake III,« ‘,‘?' . ”3 '5Kf'ﬁ7“ ‘v*é o !rif} a
' Samnles were olaced in. Jars‘of SA formalln, generally .
three samole to a Jar. An equlvalent ‘of one sllde per samole

r'

of - each sllde was lelde& 1nto 16 equal squares, A Whloole
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f eyeplece of the mlcroscope used 1n 1dent1f1cat10n. Anlmals

1y1ng w1th1n the mlcrometer grld were counted 1n one represent-»

atlve sectlon of each sguare at low power. The presence of

‘ soec1es w1th1n each squarelnn:not present Wlthln the mlcrometer'

grld was noted Separately. Anlmals as large or larger than the
grid were. counted 1n ‘the square as a’ whole. i" -

; A small homemade Carlbbean tyoe dredge (12 1n. hlgh by
10 in,. w1de by 24 1n. deep- 2880 cu. in. vol ) was used to
~collectbenth1csmmples.‘”he dredge was lowered from the boat

anarcx1mately 50 feet ‘From shore ané then bulled 1nto shore

" Mlcrometer Retlcel (21 15 mm. dlameter dlSC) was placed in the o

Wlth a one~half 1nch nylon rope, the cuttlng edqe dlqglng 1ntJ J"

the bottom for the entlre dlstance. Apbroalmately an one-thlrd‘ﬂ<,

of a gallon samnle was taken from each dredglng and eut 1n a .
callon Jar. | R

Samples vere taken at random pos1tlons along the shore,

The number of samples was determlned by the 51ze of the lakes~‘

5 sambles were taken lrom Lake I, 4 from Lake IT,’and 7 from
Lake III.' | T ~ e | |
o Apbroa1mately 500 ml, per sanble, ‘or’ JSOO ml..oer gallon
~3ar uere taken and uashed through a serles oF 6 selves, ranq-”
ing 1n size. from 10 to 230 meshes ner llnear 1nch The content
£ ¥om each selve (except the flrst, Whlch 1n every case con~

'talned only rocks and large debrls) were stored 1n Jars ‘of 5/

formalln, Twentvbseven slldes Were made from rake I samples, .

~12 from Lake IT, and 21 from Lake III Anlmals were counted

on the slldes as a whole."g

Ul =
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Literature used in idéntificaﬁidn_of the.invertébrates
included Ward and Whipple (1959), Pennak (1953),.and Eddy and
Eodson (1961). The phyletic schéme used in ali tables was
based on Ward and Whipple. In mostlcases limnetic organisms
were classified to the species level,vbenéhic organisms to

phylum or order.




RESULTS AND DISCUSSION

Raw data for all tables on limnetic samples can be Ffound
in Appendix I. Animals counted yithin the micrometer grids
were totalled (T), and species freguency (presence without re-
gard for number) was recorded both within the grids (F1) and
within the sguares outside the grid (F2). |

Calculations made from the grid totals were percentage
frequency. (% Fl): the nuﬁber of grids in which the species
were found divided by the total number of grids (Tabie 1):
diversity: d = S/N, where S was £he number of speéies and N the
number of organisms counted; density: total individuals divi-
ded by the number of slides; percentage composiﬁion:‘the num-~
ber of individuals in a taxonomic group.divided by the total
individuals in the lake (Table 2).

A second percentage fregquéency (% Fé) was calculatéd based

on the freguency of animals within the sguares into which the

coverslip was divided'(Tabie_l): Asplanchna, Cladocera, Copé-
poda, and Insecta larvae,  as 1arge'or 1argéf than the grid,
wvere coﬁnted within the éqUares; A total percenﬁage fregquency
was calculated for each lake by dividing»the number'of squares
in which organisms of each Speciés (F2, App;.I) were present

by the total number of possible. squares:

lake I . Take TI - = ' Lake TIII

Total % F 12 - 8.9 1




Table 1, Percentage frequencies of spe01es in .Lakes I-III, F1 based on presence w1th1n
grids; F2 based on presence within squares,

' Lake I ‘ Lake II Lake III
PROTOZOA - : F1 F2 " Fl P2 Fl P2
Rhizopoda .

Order Amoebaea

Thecamoeba verrucosa - 0,5 2.9 - - - -
Pelomyxa palustris 3.3 . 14 - - 7.9 15
Order Testacealobosa -
Arcella megastomata 0,5 743 - - 0,2 0,2
A, mltrata ‘ - 1,9 - —— - -
A. vulgaris 0.3 2,4 R 0.4 0.6 1.2
A, dentata - 0,8 S _— - 0,2
Centropyxls aculeata - 1,1 - - - -
C. arcelloides - - - - - 0,2
Diffluglia urceolata - — 1.2 2,3 Lyt 3
D, lebes 5.7 12 —— 3.9 . '6 3 15
D. oblonga ' - 0,8 - — _— -
TLequereusia epistomum - o ’ _— e - 1.4
L. spiralils’ - -_— 5,4 . 5,4 - -
Order Actinophyridia , : o -
Actinophyris sol . . 1,9 6.5 - - e - 0,2
Ciliata e S D T ‘
Order Holotrlcha o . L ‘
Paramecium caudatum ' _— - L S e 0,2 0,2
" Order Spirotricha ‘ : S ) - B
Histrio histrio ' - RS - T 0,2 0,8
COELENTERATA | ' : o e ,
Hydra’ nematocysts ' 14 i _— e 64 76
ROTIFERA. ~ e : _
Order Ploima : :
Branchionus pllcatllls _— 0,3~ - - 0,2 0,6
Eplphanes clavulata - 1.4 e - - 1,2
E. senta ' 0,5 R 0.4 - -
Kellicotia longispina 1,9 2,7 30 L7 0.2 0.6




Table 1 (cont'd). ‘ Take I

ROTIFERA (cont'd) ' Fi
Keratella cochlearis 92
~Notholca acuminata : -
‘Lepadella ovalis ’ -

Lecane depressa o o

I, ohloensis -
L, elasma 0
Monostyla lunaris 0
Scaridiun longlcaudum -
Trichocerca simllis 2
T, multicrinis A 0
0
0
L

L ] *

T, longiseta
Ascomorphella volvocicola
Ascomorpha saltans
A, ecaudis - -
Gastropus hyoptus -
G, minor ; 0
G, stylifer’ 0
Chromogaster ovalils 0
9
5

oo

Asplanchna spp.

" Polyarthra vulgaris 6
Syncheata oblonga - 29
S, pectinata . 19
Order Flosculariacae
Filinia minuta

F, longiseta

F, branchiata

F, terminallis

Pompholyx sulcata
Testudinella patina
Trochosphaera solstitialis
Order Collothecae
Cupelopaglis vorax
~Unknown rotifer . 13

. Total rotifer speciés:w .22

1
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30. 92
- 1,9
1,6 3.5
0.8 0.8
o -
o 0.8
- 0.8
0, L 0,8
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Lake III
F1 F2
oL 95

- 0.2
ok 1.8

::1 6:2

2.0 54

3,17 - 9,4

- 0.8

0.5 16
I 0.4

0.2 0.2

0.8 - 0.8

0,6 L,2
19 19
Lo . BY
13 29

3,0 6.

1,0 2

0.2 3
0.2 0
S 0

0,6 2

_ 0.6

3.4 10

26




Table 1 (cont'd),
ARTHROPODA
Order Cladocera
Sida crystallina
Holopedium gibberum
Daphnia longilsplna .
Camptocercus oklahomensis
Chydorus ovalils
C, lacustris
C, faviform
Polyphemus. pediculus
Order Ostracoda
Order Copepoda
" Nauplii spp.
Diaptomus siciloides
Cyclops vernalils
~ Orthocyclops )
Ectocyclops
Paracyclops
Ergasilus chautauquensis
Insect larvae.
Order Diptera
Chaoborus sp,
Other
Order Lepidoptera
Order Odonata

Total species

Lake I
F1 F2
1-9 '109
40 bo
0,3 0.3
003 003
WA
0.3 L,9
L1 76
37 37
365 3.5
L".B‘ 4'3
4,3 4,3
5.7 5.7
0.3 0,3
0.5 0,5
0.5 0.5
LIy 59
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Lake IIX
F1 Fo
12 12

2.6 2.6
19 19

0.k 0.k

0.8 0.8

o 0.k
29 67
L5 Ls

544 5l

2.6 2.6

1.0 1.0

506 536

i.8 1.8

0.2 0.2
o
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Table 2, Population parameters of taxonomic groups in limnet-
ic samples, (Based on grid tabulations.)

# Species . # Individuals
I IT IIT I IT 11T

PROTOQZOA 6 2 7 50 22 883
COELENTERATA. 1 - 1 66 - 981
ROTIFERA 22 5 18 1838 847 1605
ARTHROPODA. :

Cladocera 5 5 6 222 L7 187
Ostracoda 1 1 1 1 3 2
Copepoda 6 6 7 L7 695 704

Insecta larvae '3 3 1 L L 1
TOTAL oL 3 o1 2658 1618 4363
Diversity (S/N) 0,017 0,014 0,009

ppehsity (#Zélide) % Composition

PROTOZ OA. 2,0 1.4 28 1,9 1.4 20
COELENTERATA: . ‘- 3,0 & == 31 2. -2 22
ROTIFERA 80 53 ¢ 51 69 52 37
ARTHROPODA. W ,

Cladocera .. 10 3 6 _ 8,4 2,9 L,3

Ostracoda ool L <1 ; 20,1 <0,1 KL£0,1

Copepoda .~ - 21 b3 . 22 - 18 L3 16

- Insecta larvae. . <1  «i. <1 <0,1 ¢0,1 (0,1
TOTAL . Te Tol- 1M\ - -
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,"tance than 1n Lake I. Coneboda Were tw1ce as 1mportant (43%),

Specmes unlque to each lake and those round 1n two or
-three 1akes are detalled 1n Table 3 -and summarlzed 1n Table 4
_;_;g nematocysts, Ostracoda, Conepod nauplll, and orders of -
| Insecta larvae; whlle not lelded 1nto spec1es, are sebarate
j-gtaxonomlc groups and are regarded as Spec1es for countlng pur—’

poses.,iﬁ'"

Lake I showed the greatest number of spec;es (44), the ;

greatest alverS1ty of specles (O 017), and the hlghest frequen-*"

| cy of spec1es (124) (Table 2) The den81ty of 1nd1v1dua1s
.(116/s11de) Was 1ntermed1ate. Of the total SpeC1es on the
'three 1akes, 21% were unlque to Lake - I (Table 4) The most
"'1mbortant groups were Rotlfera (69%), Copepoda (18%), and
Cladocera (8 4A). e:<J 5 | | 1 ' .
Lake II shoved the smallest number of sme01es (23), the

":~1owest total frequencv (8 9%)p and den81ty (101/31169), and o

' a dlver81ty (0 014) nearly as great as that of Lake"x (Ta-i-0§~‘

:ble 2) Only of the total spec1es werefunlque to the

’1ake or found 1n common Wlth,fftd“”'”'; ake (Table 4)

C Rotlfera vere the domlnant group (52 ),ithough of 1ess 1mpor-'

.as the copepod pOpulatlon of Lake I The cladoceran populatloru n

1_; S

K was Slgnlflcantly reduced, from 8 4% to 2;9A.;‘, Qytf
The number of spec1es (41) 1n Lake II fell between the f‘
"'totale for rakes I and II, though the total was closer to that*”"

vof Lake x (Table 2) The dlver81ty (O 009) was the lowest of

’the three, because of the great humbers of z ra nematocysts,




Table 3. Dlstrlbutlon of species in Lakes I-III: unique, common +to 2 3 lakes, (Based on
presence Wwithin squares;) .

' ‘ Unigue ' : , . Common
- PROTOZ0A. I T I1L 15,111 I,I1 - I,IEi ¢ 1IL,iIT
Rhizopoda ‘ ‘ : : B .

Order Amoebaea ' o o : _
Thecamoeba verrucosa K e m———— e ——————— R
Pelomyxa palustris e e e e i e e ) S S

Order: Testacealabosa: ' o - ' L A o

,Arcella megastomata ——— e e e e e K ——
Ao mitrata - ’ O P e o o ——————————
K. vulgaris- e e i e e R e e i e
g. dentata e e e e e e e e e e e e’ e e e e K+ e e :
Centropyxis aculeata X e e S
C, arcelloides et e e e e e e K ommme e o e
Difflugia urceolata e et e e e o o e e e s
‘D, lebes A e QP meme el
D, oblonga D SR e e e e e e e e e e ———
Lequereusia ¢ 4glst0mum DL e S QL S e ——————
L. spiralis e K e e e e S et mm e —

Order Actinophyridia : - - - o '
Actinophyris sol e i ——————— ;U

Cilliata o B o ' - S :

Order Holotricha ‘ _ : ‘
Paramecium caudatum © e m——— e X e e e e e e e e et e e e e e e e

Order Spirotricha ‘ ’

CHistrio histrio = 0 e e K o e ot e o o m m e e ot o e o e ——

COELENTERATA ' . ' j .

Hydra nematocysts e e o 0 2 et ot e 0 0 2 0 2 e e e ot 2 8 e e e ¢ K am o

ROTIFERA .. . . . -

Order Ploima’ ' ,
Branchioniis plicatilis e ———————— e e e e e e e o e o e e o e e 2 Ko o e e e
Epiphanes clavulata e et e o o e 2 e 2 o e 8 e e e o X mmcmccemem
B, senta i e e - G
Kellicotla 1onglsp1na : e e e e e e e et e L e o e b e o e e ot e . e e e 9 o o




Table 3 (cont'd),
ROTIFERA (cont'd)
Keratella cochlearis
Notholca acuminata
Lepadella ovalis.
Lecane depressa
L, ohoiensis
L. elasma.
Monostyla lunarls
Scaridium longicaudum
‘Trichogerca/ similis-

T, multicrinis _ -

T. longiseta
Escomorphella volvocicola
Ascomorpha saltans

A. ecaudis !

Gastropus _ipptus

G, minor - ‘

G. stylifer!

Chromogaster ovalis
Asplanchna spp.
Polyarthra vulgaris
Synchaeta oblonga

S. pectinata
Order Flosculariacae
Filinia minuta

F, longiseta

F. branchiata

F. terminalils

Pompholyx sulcata
Testudinella patina
Trochosphaera solstitialis

Order Collothecae
Cupelopagls .vorax
Unknown rotifer

I 11 IIT I,I11,I1T I,I1 I,I1T I1,ITT
sLtiy ’ ? ’
___________________________ K e e e o o e o 2 e o e 2 e 8 0 o 8 S
D U e e e s e 2 e 2 o et 2 o s s 2 e S S . o o o o 2 e A S8 o o o e
_______________ K e e e e e e e e e et o e s e 0 . o o st o 2 e o o 2 2 o o e
K e e o e o et e e e st o e s ot 1 ot S s e 2 e 2 e 2 e 2 e o o e A . S o 0 S
___________________________ K e e i o ot et s o e e e s o o e o o
K e e e e e s e st s e . o 7 e o P 2 s i e o . o e 0 1 o e o o . e s o o
______________________________________________ X e o=
K e e ettt e e e e e st o 2 2 s e o o e . S s o o . . e B o . e S 2 2 S o
___________________________ K e ot e e e ot e e e e e e e et et e
___________________________ I e e e e o 2 e e e e o et o
_______________________________________________ K e o
K i e e e e et s e ot ot o 2 2 2 2 e e s o 2 2 o o o e e S o s 20 S e £ s
________________ e e e ottt S o o e o et et 2 o o o S e P e e 2 S 2 o e
© o - . T = - - T - " W o pou T o o oo T e W g o ), G
TR et m e o e v e ot v o0 e e 2 e o e e o e e o e 1 S 2 S S 2 . 2 o ot 2 e o o T
______________________________________________ X e
______________________________________________ X e e
______________________________________________ ) A
______________________________________________ ) QP
______________________________________________ X mmmm e e
___________________________ K e e e e e e e o e o e e e e 0 e s e
______________________________________________ ), G
K o e et e e e e et e et et s . e e e e et . et s e s . 0t o o o s o e o e
___________________________ K o e et et e e e o e o e o e e o o
___________________________ K e e e e e et e e e et o e et e o o e e o o
_______________ K o e e e et e et 1t e 2 s ettt e e e o o
______________________________________________ P, G,
o e e e e e et e e e e e 2 e e o0 e o e 0 e 0 2 7 2 oz o
e e e e e e et e 20t e o et o e o s 7 s o s o e e Pt 2ot S e o e o 2 o o e o
____________________________________________ D, .
______________________________________________ X oo

{72[_.




Table 3 (cont'd)

ARTHROPODA.
Order Claocera
Sida crystallina
Holopedium gibberum
Daphnia longispina
Camptocercus oklahomensis

Chydorus ovalls
C, lacustris
C, faviform,
Polyphemus pediculus
Order Ostracoeda
Order Copepoda
Nauplii spp,
Diaptomus. siciloides
Cyclops vernalis
- Orthocyclops
BEctocyclops
Paracyclops -
Ergasilus chautauquensis
Insecta larvae
Order Diptera
Chaoborus sp.
- Other — = -
Order Lepidoptera
Order Odonata

Y — U g TS s A o W T -~ WS o KD - W - —

N oy Ty 0 oy Dy oy Sy S g o T~ D o S -, o " - -

- — - S — ) oy - -~ - -~ - —

I,IT,

- —— . - - —

L - ———-—— W - - - W] - 2

A — . W et - - - - -~

IIT I,II I,IIT IT,IT]
2 ] 4 ;
e o v R o o ko D oo D o0
________________________ K -
- T O — XD |~y D " - - - ———_— - W - ot
——— - - — > - " W} o U - o
________ X e e e et o o i e
— A —— ——— ————_——— - ————— - -~ W
iy ot g T o . . T > 7 S o
——— . 4 o o T 7 - "]
el Uty UL S ———
- B - W o g Gt g A - S - o> -
________________________________
A - W—ID - W T — W W s . W o —_—"—_——— - ]
_____________________________
————— T T T —— e W " - -0 o - -
- - — 13 o0 - Ut o OV o~ - 1o
_____________________________
_____________________________
____________________________ T
_____________________________
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Table 4,.Summary of species distribution in Lakes I-IIT.

Number %
Unigue ¢
Lake:I ' 15 o 21
IT 3 | b2
III 1 8 | 11
Common 3
Lakes: I,II,III 21 29
1,1z | A P R
I,I1I 19 . 26

CIT,III | 3, T e
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»lefluéla and Keratella cochlearls; The dens1ty of 1nd1v1du=
als (141/Sllde) Was hlghest.ZOf the total spec1es, 11% Were

unlcue to Lake ITI, and 26% Were common to Lake I (Table 4)

“The- 1mportance of Rotlfera was reduced to 37%, vhlle the 1m-:i:f
portance of Protozoa (20%) and Coelenterata (22%) were greatlyv
1ncreased. Copepoda comoosed 16A of the populatlon, Vthh 1va
comparable to Lake I. Cladocera composed 4 3% of the popula-g "

Htlon. S s;v‘»fz- '-""I';J : f:?: Lo At o

s Seasonal~Variation“f

Naxlma forAzooplanktoA are-reached 1n.snr1ng and.autumn,'
_althouoh these max1ma vary greatly v1th1n d1fferent 1akes and-
':.for dlfferent spec1es (Welch, 1961) L1ttle 1nformat10n 1s':
avallable concernlng the seasonal cycles of Drotozoa and ml--
crocrusteceans- more 1nformat10n is avallable on varlatlons
1n Rotlfera, althouah thls 1s 1ncomplete,ff”

lerlugla, the only orotozoan cenus ot 1mportance in the'

lakes (Table 1), are planktonlc from June to October (Hutch-':

1nson, 1967) All 1akes showed some leflu ;Lakeélllumore S

-so than the others (Table 1) 7 o . o
:zdrg shows a bloom 1n September-October (Pennak, 1953)

Such a bloom'wasev1dent in Lake III. 2 ' -
Irregular act1v1tv 1s usual 1n rotlfers, and predlctable-;’f

batterns are hard tolrlnd (Reld, 1961) mhe most abundant spe-ik:

o c1es 1n Lakes I, II and III was Keratella cochlearlsf It“show=f;"

a’ June maximim and a temnorary autumn 1ncrease, and generally B

predomlnates year round (Hutchlnson, 1967) 'Dolvarthra vulqarz-

LI
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has an avtumnal maximum (Hutchinson, 1967), and its relative
importance in Iakes I and IIT (Table! 1) was probably related

to other factors. Synchaeta oblonga and S. pectinata generally

show maxima in October. so their importance in Lakes I, II and

ITT was probaly as great as it could be. Chromogaster ovalis,

which was of small importance, generally reaches its maximum

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

important in these lakes. The same is true of Filinia. Asco-

morvha saltans, important in Lake I, as well as Pombholyg sul-

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

reached in Augus£~(Hutchinson, 1967). Gastropus stylifer.and

Ascomorvrha ecaudig reach their maxima in, June and are normally)|

rare in autumn (Hutchinson, 1967). ’
Cladoceran seasonal cyéles are comparable to tﬁcse of ro-

tifers (Hutchinson, 1967) and may be hicghly irregular (Reid,

1961)., Generally there is a summer maximum with a bloom pos-

sible in October. Holopedium gibberum generally reaches an Oct-

ober maximum, as does Daphnia longiswnina (Hutchinson, 1967),

which is the dominant cladoceran species in TLakes I, II and

i

ITTI (Table 1). Sida crvstallina and Polyphemus pediculus

reach maxima in June (Hutchinson, 19675,,and neither of these
species were strongly revresented inlanyjof the three lakes.,
Thefe is no indication in the literatiire of éxceptionaily
large copepod'populétions in October, Species,other than the
ones present in Lakes f, IT and IIT generally reach their

peaks: in August and are on the decline by October. However,

there is a possible emergence of copepods from diapuse in




total conebod ponulatlon (Hutchlnson, 1967)

| . Feedlng :f;
The majorlty of zooplankton are sedlmenters (Pennak,»1953).i;
and. feed oh algae of varlous Slzes, flagellates and dlnoflagelﬂ:J
lates. The Drec1se relatlon of rood to zooplankton as a" 11m1t;
“‘1ng facLor 1s dlfflcult to determlne 1n the ‘case. of sedlment-
ers. Peld (1961) suggests that in soéme lakes the relatlon does
“,not appear 1mbortant. An unusually large phytonlankton bloom~

" 1n not necessarlly followed by a commensurate zooplankton

C bTOOm, and nelther lS an- unusually 1arge zoonlankton bloom

necessarlly preceded by a commensurate thLODlankton.bloom

(Hutch1nson,<1967) The relatlon between food dlstrlbutlon is
-.iat best uncertaln (Welch, 1952) ’DhytOplankton data For - the‘tﬂ<‘
three 1akeshave been collected by Ernstberger (1975) but
»' 11tt1e correlatlon.couldybe found , 3'jf R

Raptorlal, or carnlvorous,w1nvertebrates 1nc1ude dra;'

ns 1anchna, Sznchaeta, Trlchocerca, Polvnhemus gedlculus and

the cvclop01d copepods. They feed on protozoans and other.:
rotlfers and mlcrocrustaceans (excludlnc ostracods) Some
feed on dlatoms as well (Pennak, 1953 Hutchlnson,.1967-
;»zez.ch, 1952) R S TR

TWelve bredatory specmes were present 1n Lake I Trlchocer"

1mllls (FZ = 64%) and Sznchaeta oblongm (FZ 58A) were

1

atlve 1mportance.n;g . -*"féféfufgﬁz_ i@5~:gjf,g;§':ﬁ e

o9l

October, whlch may 1nc1ude from a very few 1nd1v1duals ta theA'»;f

the most 1mportant. Synchaeta pectlnata (FZ ~*32£) was of rel- R
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Lake II contalned only SlX predatory soecwes, and only
Daracyclons (F2 32%) was of relatlve 1mnortance.,‘t

Lake LII contalned the hldhest number of bredatory Sbe01es

(14) Hz ra nematocysts vere of great 1mportance (F2 é)
"'erchocerca 51n1115 (F2 Séh ; Svnchaeta oblonaa (P2 9%)

L and Asnlanchna (F2 19A) held 0081t10nq of relatlve 1moort--e

ance.JThe 1nportance of the bredatory Spec1es 1n Lake III may
,"be related bo the 1ow densmty and percentage ccmposmtlon of Il
:rotlfers 1n thlS lake (mable 2) o Lo

' . QF and Sulfates '
: Gladleux (1975) has updated coe's (1972) data on Sulfate’ﬁ"'

: concentratlon and pH in Lakes I, II and III-‘

P
. PRI

i Léke I .

‘7f ?H"_ﬁ';‘;<;~5_‘ "~f_ 7.0 ¢¢§Ff‘;“ 6.9
Sulfate ‘(mg. /L. ) Ss«;cf' ' 95

 rake III| i

The number of specmes w1th1n eachllake corresnonded roughr‘ﬁ'r“

. NERE
e d‘»: " K

~1y to the DH. Jake I, at the lowest pH and sulfate concentra-‘
' Llon, had the most smec1eg (59)(Table 1. 52) Lake II, at the
.:'hldhpst pH and sulfate concentratlon, had only half as rany

.‘_

(29)(Table 1, F2) Lahe TII, at nearly the same DH as Lake I,.

’ had fewer specmes (52)(Tab1e 1, F2) but a hlgher den31ty and

Ha: dlverelty onlv half that of Lake I (Table 2), whlch may
>1ndlcate a llmltaulon related to the hlgher sulfate content of

the lake,.?




21 ||

Species common to all three lakes and to Lakes I and III, thh;'
some . excebtlons,<showed lower frequenc1ee 1n Lake ITT than
in Lake I. Sbec1es common to all three 1akes generallj showed
the lowest frequen01es in Lake II (Tables 1 and 3)

A great majorlty of protozoans 11ve optlmally at pH 6 5~<
11 8.0 (Pennak, 1953) The number of spe01es (iable 1 F2) 1n o
aake I (10)and Lake IIT (11) were Slmllar, tbough only Lake
IIT showed a hlgh percentage comp081tlon (20?)(Tab1e 2) and
den81ty (28/811de)(Tab1e 2) and thlS of.. only one’ snec1es,‘
'D;ffTucla urceolata (F2 = 437)(1ab1e 1) Lake II, falllng be-l
| '1ow the ontlmal range, showed only 4 Spec1es, none of them. . .
I‘lmbortant (Table 1) gel palustrls, 1dent1f1ed by Pennak
‘(1953) as a pollutlon spe01es, Was absent from: Take. II, and
showed only a sllqhtlv hwqher 1mbortance 1n Lake III (F2
155) than in Lake T (F2 = 14%).v | S

Most Spe01es of Hvdra do well in medlum hard waters, pH
7. 6-8 0 (Dennak, 1953) Thelr Dresence 1n Lake I ano III lnd—:
"1cated that survrval 1sp0881ble at a hlgher pH. Thelr abun—
7dance in Lake IIT may be related to sulfate as 1t relates to' '
. water hardness. ) - S ‘ o |
| Alkallne genera of rotlfers 1nclude,‘Asn1anchna, Branchlo-
'nus, Flllnla and Notholca (DH <7'O) A01d ge;era 1eclude_
Legadella, onost 1a, Lecane and Trlchocerca (Dﬂ }7 O) The F

B .e‘

vast maJorlty of rotlfers are transcursal and tolerate a w1de‘f

1 :

'varlety of ecologlcal condltlons (Pennak, 1953)

¢ A :
\',.,'

Lake I contalned members of all alkallne and a01d genera. o

Oonly mrwchocerca 81m1115 was 1mnortant (FZ = 64%) Dlenant-f

g Pt e ,»—.,.» S

e
A

e A,
b ey
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Species'were-‘Keratelle\coehlearis‘(FZ = 97%), Polyarthra wul-||

aarls (F2 = 90 );erichocerca Similieg(é2vé”64w); éynchaeta

oblonga (FZ = 58%), AScomornha saltans (F2-~ 53% ), and yncha "}

ta gegtlnata (F2 = 32%).> Thlrty—three snec1es "of - rotlfers wermf
found in Lake I (Table 1, FZ) ' - |
L Lake II contalned only one member of an alkallne genus and
“three members of two acid genera, none of 1mbortance, Domlnant

species were: Keratella cochlearls (F2 = 925), and Kelllcotla

lorqlsplna (F2 = 47 ). The rmeortance of Ko coclearls was

~811ghtly reduced from Lake I (97% to 92”’;p2)’ whlle K, lonngT?‘
.'nlna, negllclble 1n Lake I, ‘was dreatly 1ncreased (1 9Avto |
47A P2), suggestlng an afflnlty ror the condltlons of Lake
VII. Nlne spe01es of rotlfers were found 1n Lake II (Table 1,
AF2) . | | o .

rake TIL contalned five. members of three alkallne genera,'

of Whlch onlv Aselanchna (F2 ~f19 ) was. relatlvely 1meortant;:‘

and Sl‘ members of all rour a01d genera, of Wthh Trlchocerca

'Slmllls (F2 = é) ‘was important. DOmlnant SpeCleS were: Ker—
atellachchlearls (FZ 95A), Polvarthra vulgarls (FZ = 64%),

iTrichbcerca simili (r2 = 54%), Synchaeta oblonga (52 = 29%),

Aeglanchna (¥2 = 19%), and Ascomorbha saltans (F2 = 16?) The
Almportance of K. cochlearls in Lake IIT was only sllghtly
._1essened from 1ts 1mportance 1n Lake I (97% to 95m, FZ) and

sllghtly 1ncreased from 1ts 1mportance 1n Lake II (92A to

of .:Q«

95m). The 1mportance8 of P. ’ 1garls (QOA to 64%), T.181m1118

’(64% t0'54 s S. oblonaa (58% to 29A) and A.isaltans (SBA to

&

165) were all s;gnlflcantly reduced from Lake I The 1mbor~
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o lmbortance Wlthln the total Donulatlon was Slcnlflcant1y less

M“ sg n was agaln the most 1moortant Spec1es (F2 195), but

: tancecﬁ'Asnlanchna was doubled from what 1t was ln Lake T (9 8

‘ to 19 The Iour decreases and the one lncrease may be rela—"
bed to the sulfate concentratlon. Twenty-s1x Spec1es of rotl-

'g Iers were found 1n Lake III (Table 1, FZ),’Ealthough thelr

:.than 1n uakes I or II (Table 2)

'; Most Cladocera occur 1n a range of pH 6.5-8. 5 (Pennak,

1953) Cladocerans were of the greatest 1mnortance 1n Lake I |

(Tabie~2) The domlnant Spe01es was Danbnva lcnclsplna (F2

}40%), The 1mbortance of the cladocerans wvas smgnlflcantly re-‘

- |laced” 1n Lake II to about one thlrd what 1t was 1n Lake I (8. 4% :

to 2.9%,‘Table 2)' lonq1sc1na (FZ = 7?) and Slda crzsta111~,'

ha (FZN‘ 75) were of greatest 1mportance. ThlS relatlve scar—

v

c1ty compared to- Lake I may be related to the harsher chemlcaL.f"

~env1ronment of Lake II Cladocerans were about half aS 1mport--

fant ln Lake III (4 3 %, Table 2) as 1n Lake I (8 4») “lo ng

reduced 1n 1mportance from Lake I by nalf. S crvstallmna

ehr

(F2 12%) 1s of second 1mportance, 1ncreased from what it. Wa=t»

in Lake’ I (FZ = 1.9A) or Lake II (szfj
found 1n Lakes I and III, 6 mn-Lake II (Table 1, F2)

| Ostracods are tolerant of a w1de varlety of ecologlcal
'condltlons (Pennak, 1953) but Were not 1mportant 1n any of the
”‘glakes. (Table 2) LT il '

' Copepeds are tolerant of a’ wlder ranqe of chemlcal con=-

dltlons than are cladecerans (Pennak, 1953) Copebods were of

’81m11ar 1mportance in Lakes T (18%, Table 2) and III (16%).

74) Flve Spe01es were: R
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”"uw1de range of sulfate concentratlons, but thlS 1s very close—

-Dlaotomus s1c1101des was the domlnant soec1es in both lakes,

though 1t was more 1mbortant in Lake III (F2 45%) than ‘in -

Lake I (F? = 37A). Copebods were over tw1ce as 1mportant in;;

'Lake II (43%, Table 2) D. 51c1101des was aga1n dominant- (F2¥=

56A) and 81gn1f1cantly more 1mportant Lhan 1n Lakes I or III:i

vParacvclops, of second 1mportance 1n Lake II (F2 —-32A), was

much more frequent than in Lake I (F2 ' %) or Lake III (F2
6A) ThlS suggests that these spec1es mav have an afflnlty for
: ’h1gher oH and/or sulfates.‘5“ '

‘i Insecta larvae tolerate a range of pH 5 6 8 5 and a very

'ly related to 1nd1v1dual spec1es (Roback,,

u1974) Slnce larvae--:

:were not claSS1f1ed to thlS level, llttl an be sa1d

o Seasonal var1atlon among spec1es and w1th1n the three
*’lakes, and the effects of other chemlcal factors such as cal-l~

'c1um and dlssolved oxvgen have not been measured Smlth (1971)"w

*_1nd1cates a corresnondence between_sulfate and total hardness,

ji;xbut th1s var1es w1th1n each lake, as does’pH.;Sulfate concen-'A '

-tratlons and DH are related w1th1n each lake.,Only general ob—éh'

'servatlons of patterns of specmes oresence and abundance are | .

o

“DOSSlble from the present data.r,iﬁ 537-f¢ﬂ3-’

BenthOSg]3

Raw data for Table 5 can be found 1n Appendlx II. Countlnq;Tf_[ﬁ a

was done on the sllde as a whole. onomlc grouns were ana'm
lyzed for percentage frequency, denS1ty and percentaoe compo—

','81t10n._d
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Table 5, Population parameters of taxonomic groups in benthic samples.

" PROTOZ 04 _

Difflugia lebes
PLATYHELMINTHES
Turbellaria
NEMATA
GASTROTRICHA
"ARTHROPODA.
Ostracoda
Cladocera
Ephippia
- Copepoda .
Insecta larvae
Diptera
Chaoborus sp,
Lepidoptera
Trichoptera
TOTAL

I
78

93

93
19

100

89

15
56

% Frequency

ITI IIT

58 33
92 67
100 . 100
33 10
100 100
50 24

8,3

19
14
26 52

Density-#/slide
I IT ITI
3:3 1}'3 - 0.9
2.4 2,0 1,3
2.3 4.3 243
0.9 0.7 0.1
15 5!0 9“80
1,9 1.2 0
0,2 .
0.6 o0,
. 0
1,1 0.5 0,
2% 15 ._6

% Composition
‘T In IIx

12 8.,7. 5.6

8.7 13 8,2
8.3 28 | 1k :
0.1 LA 0.6
57 33 55

6.8 7.7 2.3
1..1. ‘.. .

2,2 5,8

: 305

b2 3,3 L.7

e
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cladieux (1975) has updated Coe's (1972) data concerning
pH and sulfate concentrations in the benthic materials of

Iakes T, IT and III:

Iake T Lake IT Lake III
oH 4.4 - 4.3 4.4
Sulfates (mg./1.) 450 225 265

The benthos of all three lakes was of approximately the

same pH; the sulfate éondentraﬁions’varied wide;y.
| Invertebrate groups present in Lakes I, II and IIT are all

benthic organisms common in natural lakes (Table 5). However,
rdtiférs;umicopepods, freguent in natural benthos, did not
occur in Lakes I, II and IITI. Pﬁesence,of these two groups
may be chemically or depth related (Welch, 1952). The total
density of individuals in ILakes I, II and IIT (Table 5) sug-
gested that a highér sulfate concentration indicates a largey
benthic crop. |

Ostracods were the @réaOmihaﬁt 6r§aﬁi;ms in;eéch'of the
1akes,'Their density and perceniage comgqsition in Lake I rel-
ative td Lakes II and IIT suggésteﬂ fhat @étraéods,may be tol-
erant or thrive at higher sulfate thcéﬁﬁrétions. V

Of second importance in Lakes I; IT and iiI were Nemata,
and  the percentage compositiéh-indicatea”thgé:thege ofganisms
may prefer a lower sulfate con;gntration, a;ghoﬁgh £ﬁe densi=-
ties indicated that other factofs may‘béninvolved.

The remaining groups did not correspond to the sulfate
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ratio, and explanations must be sought elsewhere.
Smith's work (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 that

maxima were vet to be reached by all three lakes.

All the benthic organisms feed on deéd plant and animal

material, except for Turbellaria and Paracyclovs, which are

predatory (Welch, 1952). There is no evidence to suggest that
the predators have any significant effect on the rest of the

benthic vopulation.
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 SUMMARY
Data collected for thls study showed Lake I to be most

productlve of zooplankton andilnvertebrates jFlfty~n1ne soec1ee

vere present as oooosed to 29 1n Lake II and 52 1n La?e III,‘

Lake" III, however, showed the greatest denS1ty of 1nd1v1duals,"

Lake'l'an 1ntermed1ate amount and Lake II the Lowest. Specles

’\dlver51ty vas lowest in. Lake III hlchest 1n Lake I. Overall N

.ftequency of 1n61V1duals was hlghest in. Lake I, lowest in Lake o

AlzTe

Sulfates*andpq were con61dered as o0581ble llmltlnc fac- z

tors. oake I, PH 7 O 55&@'/1. sulfate was the most fertlle
for the most soec1es. ‘Lake. TI, PH 6 3, 105 mg /l. Sulfate,
was . the 1east fertlle for the fewest specles Wlth two exceo-:'

tlons. Lake III, pH 6 9 95 mg /l.\sulfate,iaopeared the most

fertile! for -Some spec1es, but not for others. Keratella coch-

1earls, Dolgarthra vuloarls, Trlchocerca Slmllls, Szndhaeta

oblonoa, Ascomoroha saltans and Daohnla 1opqlso1na%showed low~

"‘ er frequen01es at hlgher pH or. sulfate concentratlons. he111c0’

tla long;solna, Ae lanchn ,ﬁDlaotomus 81c1101des and Paracg- k

cloos showed hlgher frequenc1es at hlcher pH and sulfate con~
centratlons,'i if | : ' ;.fﬂ{=§j;1jf :Q:f.jﬂl
Other factors: pOSSlbly related to the populatlon dlffer-

ences anong the lakes could be seasonal varlatlon, feedlng

- hablts of the 1nvertebratee, and chemlcal factors not measured fg
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Appendlx I. Anlmals counted W1th1n grlds (except Asplanohna; Cladocera, Copepoda and In--
.7 secta: larvae, which were counted in the square as a whole)
Ve qaency w1th1n grlds (Fl) and- w1th1n squares (F2) :

'PROTOZOA. -
Rhlzogoda '
Order. Amoebaea

.Phecamoeba verrucosa :

“"Pelomyxa  palustris

Order Testacealobosa'An b

"~ Arcella megastomata
CAL mitrata v
',A° ‘yulgaris

- &, dentata

" Gentropyxis. aculeata

VQJC. arcelloides e
{u'leflugla urceolata
.-.~D, lebes - .

Df ‘oblonga:-

- Lequereusia _plstomum:-:

odie o8 iralis = -

_.Order Actlnophyrldla ,.7;‘

T

Lake I
‘F1 -

| Fz‘. -

uigl,'*Lake"IIIJ;Ik
.- T - F1 - F2

L et e

R CERETIE Ph

and spe01es fre-n ,
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Appendix I .(cont'd), :

ROTIFERA (cont'd) 1L
Kellicotia longispina
Keratella cochlLearis
Notholca acuminata —-—
Lepadella ovalis -_—
Lecane depressa -
L, ohioensis -

L, elasma . 1
Monostyla lunaris 3
"Scaridium longlcaudum -—
Trichocerca similis 15
T, multlicrinils 8

T, longiseta 1
Ascomorphella volvocicola 2

Ascomorpha saltans 105
A. ecaudls T -
Gastropus hyoptu —
G, minor »

G. stylifer:
Chromogaster ovalis
Asplanchna spp.
Polyarthra vulgaris
Synchaeta oblonga
S. pectinata

rder Flosculariacae
Filinia minuta o
F. longiseta ' 2
F. branchiata 2
F, terminalis -
Pompholyx sulcata 18
Testudinella patina 1
Trochosphaera golstitialis i
Order Collothecae

Cupelopagis 'vorax 1
Unkown rotifer 62

Ll ¥
ol
DU OND O

O

7
1003 

Lake 1

F1
7
339

———
YRR -

1
3

11
3
1
2

89

1
2

2
36
238
107
68

-
2
16"
1

1
L8

F2
10

356
2

1
2

7

3
19
13

1
L
1
0
2
5
8
5
5
1
5
2
14
36
330.

F213-
118

2"
5

16
2
1

1
141

T
93

Th7

Lake IZI

- Fl
76

- 217

F2

121
235

——

Lake IIX
T F1 F2
12 12 23
1004  L67 L69
- 1
— -1

- - Ly
A5 7
- —— 2
11 2
5 Loooo11
3 3 21

92 92 92
298 197 317
62

102 146
17 15 30
6 5 10

1 1 15

1 1 3
- - 3

3 3 1k

3 3 14

3

eE




Appendix I (cont'd),

ARTHROPODA,
Order Cladocera

Sida crystallina

Holopedium gibberum

Daphnia longispina

Camptocercus oklahomensis

Chydorus ovalls

C, lacustris
C. Taviform,

Polyphemus pediculus

- Order Ostracoda
Order Copepoda
Nauplii spp:

Diaptomus siciloides

Cyclops vernalis

Orthocyclops
Ectocyelops ”
Paracyclops

Ergasilus chautauquen31s

Insecta larvae
Order Diptera
. Chaoborus sp.

Other

Order Lepidoptera

Order Odpnata

o

201
210

13
16

16
21

LI VR L

151

137
13
16
14
21

— -

D

T

17
3.

18 -

-~ -

Lake IT
P

17
3
18

1

-

6
3

120

F2

17
3
18

T

63
13
105

Lake 11X
Fi F2
59 59
13 - 13
92 . 92
2 2
1 1
L L
2 L
145 330
225 225
27 27
13 13
5 5
28 28
9 9
ToT
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Appendix II, Animals
‘ ples,’

PROTOZOA. '
Difflugia lebes ..
PLATYHELMINTHES
Turbellaria
NEMATA. '
GASTROTRICHA
ARTHROPODA.
Ostracoda
Cladocera
Ephippia
Copepoda
Insecta larvae
“Diptera
Chaoborus sp,
Lepidoptera
Trichoptera
TOTAL

counted on slides made from benthic sam-

.,,Lake'I
89 -

6l

61
5

. L!’i? S

50

16
31

733

# Individuals

Lake II

16

FTANS
=
'8

14
2

61 " v, 188

Lake ITII
19

28 .
Lg
2

.8

20
12
116
34T
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