
The effects of certain commercial toxicants on the limnology of three cold water ponds near Three
Forks, Montana
by Robert E Wollitz

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Fish and Wildlife Management
Montana State University
© Copyright by Robert E Wollitz (1958)

Abstract:
The effects of certain commercial toxicants on the physical, chemical and biological properties of three
cold water ponds were studied. The East Pond was treated with toxaphene, the Middle Pond with
Chem-Fish Special, Pro-Noxfish and toxaphene and the West Pond with Pro-Noxfish.

Time of death of test fish varied with the different toxicants. The numerical ratio of fish recovered was
determined. Following treatment in the East and Middle Ponds,light penetration increased markedly.
Dinobryon and Ceratium were the only phytoplankters which showed a reduction following the
treatments. Treatment with the toxicants had varied effects on zooplankton. Bottom organisms were
effected as follows: Tendipedidae exhibited little effect following treatment in the East Pond, decreased
in the Middle Pond and increased in the West Pond; Tubificidae increased in all ponds. All plant
inhabiting organisms except the Gastropoda, dis-' appeared following treatment in the East and Middle
Ponds. In the West Pond, Hyallela and Tendipedidae were reduced after treatment while other
organisms appeared uneffected.
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IBSTRACT

The e f f e c t s  o f  c e r ta in  commercial to x ic a n ts  on the  p h y s ic a l, chem ical 
and b io lo g ic a l  p ro p e r t ie s  o f  th re e  co ld  w a ter ponds were s tu d ie d . The 
E as t Pond was t r e a te d  w ith  toxaphene, th e  Middle Pond w ith  Chem-Fish - 
S p e c ia l ,  P ro-N oxfish  and toxaphene and th e  West Pond w ith  P ro -N oxfish .
Time o f  d ea th  o f  t e s t  f i s h  v a r ie d  w ith  th e  d i f f e r e n t  to x ic a n ts .  The nu­
m e ric a l r a t i o  o f f i s h  recovered , was de term ined . Follow ing tre a tm e n t in  
th e  TTast and Middle P o n d s ,l ig h t p e n e tra t io n  in c re a se d  m arkedly. Dinobryon 
and C eratium  were t h e ■on ly  p h y to p lan k te rs  which showed a re d u c tio n  fo llo w ­
in g  the  tre a tm e n ts .  Treatm ent w ith  the  to x ic a n ts  had v a r ie d  e f f e c t s  on 
zooplank ton . Bottom organism s were e f f e c te d  as fo llo w s : Tendipedidae 
e x h ib ite d  l i t t l e  e f f e c t  fo llow ing  tre a tm e n t in  the  E ast Pond, decreased  in  
th e  Middle Pond and in c re a se d  in  the  West Pond; T u b ific id ae  in c re a se d  in  
a ll"  ponds. A ll p la n t  in h a b itin g  organism s ex cep t th e  G astropoda, d i s - ' 
appeared fo llo w in g  tre a tm e n t in  the  E as t and Middle Ponds. In  the  West 
Pond, H y a lle la  and Tendipedidae were reduced  a f t e r  tre a tm e n t w hile  o th e r 
organism s appeared  u n e ffe c te d .
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HfTRODUC TION

D aring re c e n t  y e a r s 3 f i s h  to x ic a n ts  have become in c re a s in g ly  im portan t 

in  f i s h e r i e s  management. While some in fo rm atio n  i s  a v a ila b le  concerning 

t h e i r  e f f e c t s  on d i f f e r e n t  sp e c ie s  o f  f i s h ,  l i t t l e  has been re p o r te d  r e ­

gard in g  th e i r  e f f e c t s  on f i s h  food o rgan ism s» A s tu d y  was u n dertaken  to  

determ ine im portan t changes in  th e  p h y s ic a l ,  chem ical and b io lo g ic a l  

c h a r a c te r i s t i c s  r e s u l t in g  from commercial to x ic a n ts .

This in v e s t ig a t io n  was conducted from A p r i l ,  1956 to  A p ril 11 , 1958 

on th re e  a d jac e n t g r a v e l - p i t  ponds, which a re  lo c a te d  1 ,5  m iles  e a s t  of 

Three F o rk s, Montana. The p r o je c t  c o n s is te d  o f th re e  p h ase s : f i r s t ,  th e  

d e te rm in a tio n  o f p h y s ic a l ,  chem ical and b io lo g ic a l  c h a r a c te r i s t i c s  o f the  

ponds p r io r  to  th e  a p p lic a t io n  o f to x ic a n ts ;  second, th e  a p p lic a t io n  of 

th e  to x ic a n ts  and o b se rv a tio n s  on t h e i r  immediate e f f e c t s  on f i s h  and f i s h -  

food organism s; t h i r d ,  th e  d e te rm in a tio n  o f changes in  th e  p h y s ic a l, chemi­

c a l  and b io lo g ic a l  c h a r a c te r i s t i c s  of th e  ponds fo llow ing  tre a tm e n t.

The w r i te r  w ishes to  ex tend  s in c e re  a p p re c ia tio n  to  D r. C. J .  D.

Brown and to  Mr. R ichard  J .  Graham f o r  te c h n ic a l  su p e rv is io n  on the  p ro je c t  

and f o r  a s s is ta n c e  in  th e  p re p a ra t io n  o f th e  m an u scrip t. Thanks are  a lso  

due to :  D r. John G. W right f o r  a s s is ta n c e  in  i d e n t i f i c a t io n  o f  p lank ton ;

D r. E ich a rd  C. F roeschner f o r  a id  in  id e n t i f i c a t io n  o f a q u a tic  in s e c ts ;  

p e rso n n e l o f  th e  Montana F ish  and Game Departm ent fo r  h e lp  in  th e  a p p l i ­

c a tio n  o f th e  to x ic a n ts ;  M essrs. Bud A llen  and C hester S chendel o f Three 

Forks f o r  p ro v id in g  a b o a t and s to rag e  space during  th e  summer o f 1957«

Tlie Montana F ish  and Game Departm ent fin a n c ed  th e  p ro je c t  th rough  i t s  

D in g e ll-Jo h n so n  program , Fr-9-R. Equipment was provided j o i n t l y  'a f the



Montana S ta te  C ollege A g r ic u ltu ra l  Experim ent S ta t io n  and th e  Montana F ish  

and Game D epartm ent.

METHODS

P h y s ic a l and Chemical

Maximum-minimum a i r  tem p era tu res  and su rfa c e  w ater tem p era tu res  in  

each pond were secu red  d a i ly  ̂ excep t Sundays. S urface tem p era tu res  were 

tak en  w ith  a pocket therm om eter and depth  tem p era tu res  w ith  a re v e rs in g  

therm om eter. T u rb id i t ie s  were determ ined w ith  a  H e llig e  tu rb id im e te r .  

V i s i b i l i t y  (Secchi d is c )  and w ater f lu c tu a t io n s  were determ ined a t  re g u la r  

i n t e r v a l s .

The fo llo w in g  chem ical an a ly ses  were made a t  the  tim e p lan k to n  

sam ples were ta k e n : d is so lv e d  oxygen, pH, p h en o lp h th a le in  a l k a l i n i t y  and 

m ethyl orange a lk a l i n i t y .  Oxygen s a tu r a t io n  was determ ined from  a nomo­

gram f o r  g iv in g  v a lu es  a t  d i f f e r e n t  tem p era tu res  and a l t i tu d e s  (Rawson, 

IPUll.). Phosphate and in o rg a n ic  n itro g e n  an a ly ses  were made by  th e  Chemis­

t r y  D epartm ent, Montana S ta te  C o lleg e .

P lank ton-

Plankton samples were o b ta in ed  w ith  a . I . 2 l i t e r  Kemmerer w ater 

sam pler. Each sample was co n cen tra ted  to  20 ml by means o f a  Ho* 25 s i l k  

b o l t in g  c lo th  p lan k to n  n e t and th en  p re se rv e d  w ith  Lugol1s s o lu t io n < Nine 

sam pling a reas  were e s ta b l is h e d  (F ig . l) 's .o n e  was lo c a te d  n e a r  each end 

(S ta s . B, 0) and th e  o th e r  (S ta . A) in  the  m iddle of each pond. A sample 

o f 19.2  l i t e r s  o f  w ater was tak en  from each s ta t io n  B and C<> Samplbs from



LEGEND 
SHORELINE 
CONTOURS 
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~ r  F ig u re  I . From top  to  bottom . E a s t, Middle and lfest Three Forks Ponds w ith  depth con tours 
and p lan k to n , tem peratu re  and chem ical s ta t io n s  shown.
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s t a t io n  A combined p lan k to n  from eq u a l volumes o f w a ter ( t o t a l  76.8 

l i t e r s )  o b ta in ed  from th e  s u r fa c e , 10- ,  and l^ - f o o t  dep ths in  the  

Middle Pond and West Pond from A pril-S ep tem ber, 1 # 6 .  D uring th e  same 

p e rio d  a combined sample ( t o t a l  38. U l i t e r s )  was tak en  a t  th e  su rface  and 

f iv e  f e e t  from  th e  E as t Pond. A fte r Septem ber, samples were secu red  from 

th e  su rfa ce  and th e  bottom  (7 -9  f t . )  in  th e  E ast Pond and th e  t o t a l  sample 

was reduced  to  19»2 l i t e r s  a t  s t a t io n  A in  a l l  ponds. Samples were taken  

approx im ate ly  ev ery  two weeks a t  a l l  s t a t io n s  during  p e rio d s  o f  open w a te r . 

During th e  w in te r ,  m onthly sam ples were secu red  im m ediately under th e  ic e  

and co n fin ed  to  s ta t io n  A. The o v e ra l l  sam pling p e rio d  extended from 

A p r il  17, 1956 to  A p ril 11, 1958 w ith  th e  fo llow ing  e x ce p tio n s : no samples 

were o b ta in ed  May I-Ju n e  2, 1956 in  any o f th e  pondsj no s ta t io n  A samples 

were tak en  in  th e  E as t Pond on June 2 and 29 , 1956 and no samples were 

'taken in  th e  E as t Pond O ctober 9 , 1956-December 13, 1957 o r  in  any o f the  

ponds November i ,  1957-January  10, 1958.

Num erical p lank ton  counts were made, on one m i l l i l i t e r  o f  co n cen tra te  

p la ce d  in  a Sedgw ick-R after c e l l .  P lank ton  organism s were id e n t i f i e d  to  

genus, w ith  th e  ex cep tio n  o f diatom s which were id e n t i f i e d  to  fam ily  only.z 

Zooplankton counts were made by the  su rv ey  method and phy top lank ton  by th e  

d i f f e r e n t i a l  method. For phy top lank ton , IO-ItO f ie ld s  were coun ted , th e  

number depending on the  d e n s ity  of p la n k te rs  as determ ined by in s p e c tio n . 

I d e n t i f i c a t io n  o f phy top lank ton  fo llow ed Smith (1950) and zooplankton 

fo llow ed Pennak (1953).



- 8 -

Bottom Samples -

Bottom samples ( l , ^  s q . f t . )  were tak en  w ith  an Eckman dredge.

Bottom m a te r ia ls  were washed th rough  a s ie v e  w ith  openings approxim ately  

0<.5 X 0 .5  mm and th e  organism s s o r te d  from th e  rem aining ' m a te r ia l .  Organ­

ism s were id e n t i f i e d  to  fa m ily  and t h e i r  volumes determ ined by w ater d i s ­

p lacem ent. A ll samples were tak en  a t  dep ths o f  10-15 f e e t .

During th e  summer o f 1956, fo u r  sam ples.w ere secu red  from th e  E ast 

Pond,, fo u r from th e  Middle Pond and th re e  from the  ’West Pond. F ive sam ples 

were o b ta in ed  from each pond in  1957 and one from each in  March, .1958«,

Two o f th e  1957 samples were tak en  p r io r  to  th e  a p p lic a tio n  o f  to x ic a n ts  

and th e  rem ain ing  samples were taken  a f t e r  b

Samples o f  P la n t- In h a b i tin g  Organisms

A m eta l c y lin d e r  (21 inches long and 6 inches in  d iam e te r) was used  

to  o b ta in  samples o f  p la n t  in h a b itin g  organism s a t  dep ths o f  12- 2li inches* 

The sam pler was f i r s t '  p laced  over th e  v e g e ta t io n  which was th e n  loosened 

from th e  bottom . A sm all p iece  o f sc reen  ( l 8 mesh p e r in c h ) ‘p laced  over 

th e  bottom  o f  th e  c y lin d e r  p rev en ted  organism s from e sc a p in g . The whole 

u n i t  was l i f t e d  from th e  w ater and i t s  c o n ten ts  p laced  in  a la rg e  pan. 

A pproxim ately o n e -h a lf  pound o f  v e g e ta tio n  (damp w eight a f t e r  15-20 

m inutes o f  d ra in in g )  was tak en  f o r  each sam ple. Organisms were removed 

from th e  v e g e ta tio n  and id e n t i f i e d  to  fam ily  o r  genus and t h e i r  volumes 

determ ined  by w ater d isp lacem en t.

V egeta tion  samples were tak en  as fo llo w s ; 1956, fo u r  i n  th e  West 

Pond, fo u r  in  th e  Middle Pond and th re e  in  th e  E ast Pondj 1957, two p r io r



to  th e  a p p lic a t io n  o f to x ic a n ts  and th re e  fo llo w in g . One sample was a lso  

tak en  in  each pond March, 1958,

A p p lic a tio n  o f T ox ican ts  -

A ll to x ic a n ts  were a p p lie d  from a b o a t by means of a p o r ta b le ,  gaso­

lin e -p o w ered  pump. The e f f e c t iv e  p e n e tra t io n  o f to x ic a n ts  and p e rio d  o f 

t o x i c i t y  were determ ined  by the  death  o f h e a lth y  f i s h  p laced  in  w ire cages 

a t  v a r io u s  d e p th s . E x tensive  g i l l - n e t t i n g  was c a r r ie d  out to  determ ine 

th e  com pleteness of k i l l .

EESULTS .

The th re e  s tu d y  ponds, which a re  a l l  dredged p i t s  ly in g  a d ja c e n t to  

each o th e r ,  re c e iv e  t h e i r  w a ter supp ly  m ain ly  from seepage and s p r in g s . 

They have no i n l e t s  o r o u t l e t s . Enequent winds and th e  shallow ness o f the  

ponds does n o t p e rm it marked therm al s t r a t i f i c a t i o n  during  th e  summer. 

Average weekly su rfa c e  w a ter tem p era tu res  o f a l l  ponds were s im i la r  and 

c lo s e ly  approxim ated a i r  tem p era tu res  du ring  th e  summer o f  1956 (F ig . 2 ) . 

Ic e  cover formed on a l l  ponds between November 3-10 , 1956 and between No­

vember 15 -18 , 1957» The ic e  d isap p eared  betw een March 22-A p ri l  3 , 1956, 

between March 2lt-30, .1957 and on March 2lj., 1958. Snow fall was l i g h t  

du ring  th e  w in te r  and no pro longed snow cover on pond ic e  was observed .

E as t Pond

D e sc rip tio n

The E as t Pond has n o t been dredged s in ce  19lt0 b u t th e  e x ac t tim e i s  

n o t known. I t  has a su rfa c e  area  o f 12 .9  ac re s  and a volume o f app rox i-
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F igure  2. Average m onthly a i r  tem pera tu res and su rface  w ater tem peratu res fo r  th e  E a s t ,  
Middle and West Three Forks Ponds, f o r  th e  p e rio d  June to  O ctober, 1956.
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m ate ly  100 acre  f e e t ,  a maximum depth  of 12 f e e t  and a mean dep th  o f 7 «9 

f e e t .  The shore i s  g e n e ra l ly  le s s  th an  two f e e t  above th e  su rface  o f th e  

w a ter b u t r i s e s  to  a maximum o f  10 f e e t  in  a few p la c e s . The pond bottom  

i s  ex trem ely  i r r e g u la r  due to  dredging and i s  covered w ith  about equal 

a re a s  o f co arse  g ra v e l and muck. The su rfa c e  w ater f lu c tu a te d  lit inches, 

in  19!?6 and 19 inches in  195>7«

The im p o rtan t shore v e g e ta tio n  in c lu d ed  w illow  (S a lix  s p t ) ,  and 

Kentucky b lu e g ra ss  (Poa p r a te n s i s ) . Emergent aq u a tic  v e g e ta tio n  occupied 

approx im ate ly  lj.0 p e r  cen t o f th e  sh o re lin e  and c o n s is te d  o f g re a t  b u llru sh  

(S c irp u s  v a l id u s ) and c a t t a i l  (Typha l a t i f o l i a ) . Submerged v e g e ta tio n  

in c lu d ed  dense growths o f  stonew ort (Ohara s p . ) s w ater m i l f o i l  (Myro-  

phyllum e x a lb e sce n s) and le s s e r  amounts o f widgeon g ra ss  (Ruppia m aritim e) 

and sago pondweed (Fotamogeton  p e c t in a tu s ) .

The e a r l i e s t  known f i s h  in tro d u c tio n  c o n s is te d  o f S5OOO fo u r- in c h  

largem outh b la c k  bass  (M icrop terus sa lm o ides) which were p la n te d  in  No­

vem ber, 1938. A nother. I 5OOO largem outh b la ck  bass were s to ck ed  in  No­

vem ber, i9 U u  Black c ra p p ie s  (Pomoxis n ig r o-m aculatus) b lu e g i l l s  (Le- 

pomis m achroch irus) 5 yellow  perch  (P erea  f la v e sc e n s ) , carp  (Cyprinus 

c a rp io ):, longnose sucker (Gatostomus catostomus) ,  w hite sucker (Gatqstqmus 

commersoni) and golden sh in e r ' (Notemigonus c ry so leu c a s) were a lso  p re se n t 

b u t no re c o rd s  o f  in tro d u c tio n s  were founds I t  i s  surm ised th a t  the  b lack  

c ra p p ie s  and b lu e g i l l s  were in tro d u ced  w ith  th e  largem outh b la c k  bass as 

fo rag e  f i s h  and th a t  th e  o th e rs  were in tro d u ced  by p r iv a te  in d iv id u a ls  o r  

b a i t  fish e rm en .
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F ish  E ra d ic a tio n

Ch J u ly  l 65 191?7, an e m u ls if ia b le  s o lu t io n  c o n ta in in g  60 p e r  cen t 

toxaphene was ap p lie d  to  th e  E as t Pond. The c o n ce n tra tio n  used  was 

approx im ate ly  0 .13  ppm. A p p lica tio n  began a t  6 :lf? a.m . and was com pleted 

a t  9*00 a.m .

The f i r s t  s ig n s  o f  d i s t r e s s  in  f i s h  were observed 'm inutes a f te r  

th e  s t a r t  o f a p p lic a t io n  when sm all f i s h  were observed jum ping. At the  

end o f one and o n e -h a lf  h o u rs , f i s h  were observed swimming e r r a t i c a l l y  

n ear the  su rfa c e  o f th e  w a ter and appeared unable to  go below . A few 

m inutes l a t e r  some f i s h  were ly in g  a t  th e  s u r fa c e , near d e a th . Small 

f in g e r l in g  largem outh b la c k  bass and b lu e g i l l s  were th e  f i r s t  to  d ie .

F ish  over f iv e  in ch es  in  t o t a l  le n g th  ( a l l  le n g th s  are  from th e  t i p  o f 

th e  snout to  th e  d i s t a l  end o f th e  cauda l f i n )  were f i r s t  observed dying 

two hours and 1|.0 m inutes a f t e r  th e  s t a r t  o f  a p p lic a tio n *

One sucker and two b lu e g i l l s  were p la tied  in  each o f two w ire mesh 

Cs i n .)  c ag es . Qhe cage was suspended a t  th e  f iv e  fo o t dep th  and the  

o th e r  a t  10 f e e t ,  to  determ ine th e  e f f e c t iv e  r a te  o f to x ic a n t  p e n e tr a t io n . 

A sucker in  th e  cage a t  10 f e e t  d ied  f iv e  hours a f t e r  th e  s t a r t  o f a p p l i ­

c a t io n  and a b lu e  g i l l  5>.5> h o u rs . One o f th e  b lu e g i l l s  in  th e  cage a t  f iv e  

f e e t  d ie d  seven hours fo llo w in g  the  s t a r t  o f  a p p lic a t io n  and the  o th e r a t  

8 .5  h o u rs . The rem ain ing  b lu e g i l l  i n  th e  cage a t  10 f e e t  and th e  sucker 

in  th e  cage a t  f iv e  f e e t  were s t i l l  a l iv e  il l  hours ( 8 :00 p .m .) a f t e r  th e  

f i r s t  po ison  was a p p lie d . No o b se rv a tio n s  were made between 8:00 p*m„ 

and 6:00 a.m . th e  fo llow ing  m orning, a t  which tim e th e  rem ain ing  f i s h  were

dead .



-13-

O bservations and f is h in g  e f f o r t  ( s ix  W -hour g i l l  n e t  s e t s )  re v e a le d  

l iv in g  f i s h  p re se n t one month fo llo w in g  po ison ing  and i t  was assumed 

t h a t  a com plete k i l l  had been o b ta in e d . Snm ediately fo llo w in g  the chemi­

c a l  tre a tm e n t s n a i l s  were th e  on ly  aq u a tic  in v e r te b ra te s  observed . A fte r 

August 1 «, 1937, a co n sid e rab le  number o f l iv in g  F o to n ec tid ae  and fro g s  

were observed in  th e  pond.

T o x ic ity  o f w ater to  f i s h  was te s t e d  by suspending cages containing, 

brown t r o u t  (Salmo t r u t t a ) and rainbow  t r o u t  (Salmo g a i r d n e r i ) a t  v a rio u s  

p la c e s  in  th e  pond. The t o x i c i t y  o f  th e  w a te r d ec lin ed  g ra d u a lly  as 

dem onstrated  by th e  le n g th  o f tune  i t  to o k  to  k i l l  t r o u t . The le n g th  o f 

tim e th a t  t e s t  f i s h  l iv e d  was as fo llo w s : A ugust5 two days; Septem ber, 

seven days; O ctober, lli. d ay s. By November, 1937, th e  w a te r was considered  

n o n -to x ic , s in c e  t e s t  f i s h  in tro d u ced  a t  t h a t  tim e l iv e d  f o r  over two 

m onths.

Three days (68 m an-hours) were sp en t in  reco v erin g  dead f is h *  An 

a ttem p t was made to  reco v er a l l  f i s h  w hich came to  th e  su rfa ce  during  t h i s  

tim e . Those which rem ained on th e  bottom  and th ose  which su rfa ce d  l a t e r  

were n o t-re c o v e re d . A ll f i s h  o f  each sp e c ie s  were counted and b u lk - 

w eighed. In d iv id u a l t o t a l  le n g th s  were reco rd ed  fo r  a sample o f  each 

sp ec ie s ' (Table l ) ;

Food f i s h ,  c o n s is tin g  o f b lu e g i l l s ,  yellow  perch , largem outh b lack  

bass and b la ck  c ra p p ie s , made up 9h p e r  c e n t o f  the t o t a l  number reco v ered  

and 33 p e r  cen t o f th e  t o t a l  w eight w hile  c a rp , longnoee su ck ers  and w hite 

suckers  made up about s ix  p e r cen t o f th e  t o t a l  number and 66 p e r  cen t o f 

th e  t o t a l  w e ig h t. No carp  l e s s  th an  seven in ch es  in  le n g th  were recovered



T able I .  Nnmbers5 le n g th s  ( in c h e s )  and w e ig h ts  (pounds) o f  f i s h  re c o v e re d  from  ponds.

. F ish ' "
--- T o ta l T o ta l Pei* cen t P er c e n t " No. P e r ' cen t Length . I v . -  ■

Species ’ Pond No, ' 1Bfc. T o ta l  No. T o ta l Wt. Measured Measured Range Length
... - E ast “ i ; a s 7 138 38 I k 170 10.0 1 . 2 -6 .8 li.O

B lu e g i l l Middle 2 0 ,7 # # 8 29 21 32 0 .1 1 .3 -7 .3 l u l
West 636 2h 11 k ' 27 Ii .0 la  (—6 B (- 3 .6

- E ast 19$ 2h . 2 2 2k ' 12.0 .2 .2 -8 .2 ' 6 .0
Black Middle 810 50 2 2 29 3 .0 3 .1 -7 .8 2 .2
Grapple West X

East" ~ 2h i ■ 97 6 " '6 97 Uo.o 1 . 0—16.2 2 .o
Largemouth Middle 391 117 I I l 78 20.0 1 .0- 16.1 7 .9
Black Bass 'West 363 1I1.2 6 26 62 17 .0 0 . 9- 16.2 6 .2

E a s t " 1 ,889 H O U2 • 11 22 1 .0 3 .0 -6 .8 2 .o
Yellow Middle 12,69k 361 37 33 22 0 .2 1 .9 -7 .3 li.2
Perch W est 1 ,931 ZhO 83 69 Lt2 0 .9 1 .9 -1 1 .2 7 .7

E as t “ 188 612 a 63 U2 23.0 7 . 2- 26.0 18.0
Carp Middle

. West -K
E a s t 6 9 1 I

1H hite Middle
Sucker West -X-

E ast 8 20 1 2
Lohgnose Middle
Sucker West ■s?

*  Not p re s e n t  in  pond.



(Table l ) ,  in d ic a t in g  th a t  t h i s  sp ec ie s  was n o t rep roducing  s u c c e s s fu lly . 

The average le n g th  o f largem outh b lack  bass  was f iv e  in c h e s , however, 32 

p e r c e n t were over s ix  in ch es  and 20 p e r  c en t were over 10 inches <> The 

approxim ate num erical r a t i o  o f  yellow  p e rch , b lu e g i l l ,  b la ck  c ra p p ie , 

c a rp , suckers  was 135> s 119s 17 slli s 13 sI and th e  approxim ate w eight r a t i o  was 

lt?!??3sls21slo

P h y s ic a l , Chemical C h a r a c te r is t ic s

Before T reatm ent, l i m i t  o f v i s i b i l i t y  was u s u a l ly  l e s s  th a n  f iv e  

f e e t  and t u r b i d i t i e s  averaged 8 .2  ppm SiOgi

No chem ical s t r a t i f i c a t i o n  occurred  in  t h i s  pond. Oxygen s a tu r a t io n  

was u s u a l ly  le s s  th a n  100 p e r cen t and was low est in  w in te r  ( Table T l) . 

H ie n o lp th a le in  a l k a l i n i t y  ranged  from 0 .0  to  18 .0  ppm, b e ing  absen t during 

th e  sp rin g  o f 195>6 and the  w in te r  o f  195)6-7. Methyl orange a lk a l in i t y  , 

ranged from 163 to  2ii5 ppm being  h ig h e s t in  w in te r . The pH ranged from 

8.2 to  8 .6  in  the  sp rin g  and summer, 195)6, Yob to  8 .0  in  th e  w in te r  and 

7 o!p to  8 .6  in  th e  sp rin g  and summer, 1957»

N itr a te s  ranged from 0.07 ppm to  0 .13 ppm and phosphates from 0 .0  to  

O.Ii5 ppm, b e in g  absen t in  th e  f a l l ,  1956.

A fte r  T rea tm en t. A marked change o ccu rred  in  most p h y s ic a l and 

chem ical p ro p e r t ie s  fo llow ing  tre a tm e n t. V i s i b i l i t y  ex tended to  th e  

bo ttom . T u rb id it ie s  d ecreased  to  le s s  th a n  3«0 ppm SiOg im m ediately  

fo llo w in g  tre a tm e n t and by th e  w in te r  o f  1957-8 had decreased  to  le s s  

th a n  1 .0  ppm. This decrease  i n  t u r b i d i ty  p robab ly  r e s u l te d  from  th e  r e ­

moval o f  rough f i s h ,  which have a tendency  to  s t i r  up th e  bo ttom b S im ila r



Table I I .  Ranges o f  p h y s ic a l  and ch em ica l p r o p e r t i e s  o f  th e  E a s t Pond b e fo re  and a f t e r  tre a tm e n t,

Before A fte r

Spring Summer F a l l  H ln te r S pring Summer Summer F a l l W inter

D is so lv e d ' oxygen 
p e r c en t s a tu r a t io n I16- H 8 61-105 92-108 U3-&7 78-126 7 9 - ll l t 105-163 101-161 120- 11*1
P h en o lp th a le ih  
a l k a l i n i t y  (ppm) 0 5-18 7-15 0 0-5 0-8 17-1*0 1*1-51* 10- 1*8

M ethyl orange 
a l k a l i n i t y  (ppm) 1-90-212 163-181 167-195 205-215 192-215 192-217 126-151 121-130 110-132

pH 8 . 2-B .3 8 .3 -8 .5  8 . 2- 8 .6  7 .1 -8 .0 7 .5 -8 .3 7 .5 -8 .6 8 .2 -9 .3 8 .9 -9 .5 9 * 2—9 .6
T u rb id ity  
(ppm SiO2) U.9-II4.O 2.6 - 15 .0 1 . 3- 2 .6 1 . 2- 2 .6 0 . 6—1 .7  i

Secchi d isc  ( f t . } ; . . . .  . , . 3^3 • - 3 * 3-1* ' 3-1* Ba* ■ B B

6 /2 0 /5 6  1 1 /8 /5 6  3 /21 /56 8/19/57

HO3 (ppm) 6.13 0 .1 5  0 .07 0.03

POji (ppm) o.U5 0 .0  0 .03 0.09

*  Ice  co v er, no read in g s  ta k en . 

Bottom o f pond, 12 f e e t .
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d ecreases  fo llo w in g  rem oval o f  rough f i s h  were re p o rte d  by  R icker and 

G o ttsch a lk  (l9ltO) j W eier and S ta r r  (l95>0); Tanner and Hayes (19^5) •

There was a decided  change in  most chem ical p ro p e r t ie s  a sso c ia te d  

w ith  th e  in c re a se  in  v i s i b i l i t y  and d ecrease  in  t u r b i d i ty .  D isso lved  

oxygen was g r e a te r  th an  100 p e r cen t s a tu r a t io n  a t  a l l  tim es ; phenol- 

p th a le in  a l k a l i n i t y  and pH in c re a se d ; m ethyl orange a lk a l in i t y  decreased . 

No change was observed in  n i t r a t e s  o r  p h o sp h a te s .

On January  10 and F ebruary  125 195)8, oxygen s a tu r a t io n  v a lues o f  121 

and llj.5> p e r  c e n t, r e s p e c t iv e ly ,  were found beneath  th e  ic e  co v er. On 

th e se  d a te s  th e  ic e  was v e ry  tra n s p a re n t  making the bottom  v i s ib le  over 

most o f  th e  pond. Submerged v e g e ta tio n  rem ained green du rin g  th e  p e rio d  

o f ic e  co v er.

Phytoplankton

Before T reatm ent. Semi-monthly p lan k to n  counts from a l l  s ta t io n s  

were combined and av eraged . In  coun ting  p h y top lank ton , in d iv id u a l  co lo ­

n i e s ,  f ila m e n ts  and c e l l s  were co n sid e red  as one u n i t .

Chrysophyta was th e  most dominant group o f a lgae  encoun tered  ( Table 

I I I ) - .  Diatoms were p re se n t in  n e a r ly  a l l  sam ples. Peaks o f  abundance 

were encountered  in  A p r il ,  J u ly  and O ctober, 195)6 and in  May and September, 

195)7 • Dinobryon was p re s e n t from l a t e  sp rin g  to  l a t e  f a l l  and was the  

m ost abundant a lg a  found p r io r  to  tre a tm e n ts  Pyrrophyta was th e  n ex t most 

abundant group w ith  C eratium  being  th e  most numerous re p re s e n ta t iv e  s The 

groups C hlorophyta  and Cyanophyta were re p re se n te d  by s e v e ra l  genera bu t 

c o n tr ib u te d  l i t t l e  to  th e  o v e ra l l  abundance o f p h y top lank ton . S ta tio n  C,



Table H I e Average number o f  phyboplank ters 
B and C in  the  E a s t Pond.

p e r  l i t e r  o f w ater combined from s ta t io n s  A}

Before
1936 ' .......  _ ______ ___ ■ ; 1937 ■ •

"Organism A p ril May June Ju ly Augc S ep t. G et. Dec. Jan . Febe March A pril
Chlordphyba"' 

C lbsteribm  
Cosmarixim 
Gloe beys t l 's  
Pediastrum  
Scenedesrnus 
Staxirastrum  
M ougebtia'" 
Oedogbnixxm 
Zygnema- '

. U n id e n tif ie d  
C hrysbphyta' 

Chrysophyceae 
Dinobryon 

B ac illa rio p h y c e ae  
C oscinodiscaceae 
Cymbellaeeae 
F ra g ila r ia c e a e  
Gomphbnemataceae 
N aviculaceae 
S u r ire i la c e a e  
U n id e n tif ie d  

Pyrrophyta  
C eratium  
P erid in ium  

Cyanbphyba 
Q s c i l l a to r ia  
Cylihdrosperimim 
N odularia  
C a lo th r ix

I 13
32

I
26 it
I

9
h

' h - - I
2l£ 199 6 it

17 3,102 itit2

87
19 13 19 Uoit

70U 299 61 2 h
33

271 139 136 339
17

h 100 l 8 l 2,369

It 13 22
I 919

87

9
63
9

13 9
33 121 69

Ul6 3,222 260

39
100 208 269 208

9 193 269 10U
9 17

161 3it7 1,031 136
32

2 ,7 U 7 1,010
8 7 13 IOit

69 it
IOit

13
9

32 113
• IOit .78

IOit . 0 62U U33
9

208 O 36U 676
32 U

H001



T able I I I  (C o n tin u e d ) .

Before ......................................... !After

Organism
19!? 7 " • 1928 "

May June J u ly Aug. S ep t. O ct. Ubv. Jan .
C hlorbphyta

Cosmarium 292 9 78
G lo eo cy stis 9 - Lt 30 292
Pedia strum" -9 62 9
Scenedesmus 62 32
S tau rastru m 9
M ougeotia" 22 17 13
Oedogonium 9
S p iro g y ra 39 .39 26 17
Zygnema 9 9 -

U n id e n tif ie d 13 32 167
Chrysophyt a"

Chrysophyceae
Binobryon - U,7S8 108 22,262 17 17 Lt 26

B ac illa rio p h y ceae
C oscinodiscaceae 17 13
Cymbellaceae 130 9 b3 17 919 13 26
F ra g ila r ic e a e 1,362 13 26 121 Lt03
Gomphbnemataceae 17 IOLt
U aviculaceae 189 It 292 230 36It 13
S u r ire l la c e a e 17 17 39
U n id e n tif ie d 21

Pyrrophyta
C eratium 30 26 263 9
Perld in ium 9 182 62

Cyanophyta""
Cylindrbspermum 9 9
U bdularia 13
O s c i l l a to r ia 9 9 9 9
S p iru I ih a Lt

Feb. March' A p r il ■

IOlt #
26

78 35: 22
26

9

26 39
130 138 78

130

17 9

<

'61
-
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a t  th e  more p ro te c te d  end o f  th e  pond, had th e  g r e a te s t  number o f in d i ­

v id u a ls  o f  a l l  groups excep t Dinobryon which was most abundant a t  S ta t io n  

A.

Phytoplankton  blooms were encoun tered  in  th e  s p r in g , summer and f a l l  

o f  each y e a r b u t v a r ie d  in  sea so n a l m agnitude» In 1956, maximum abundance 

occu rred  in  September and th e  minimum in  A p r il .  In  1957, th e  maximum was 

in  Ju ly  and th e  minimum in  Septem ber.

A fte r  T reatm en t. Treatm ent w ith  toxaphene (J u ly  16, 195?) appeared 

to  have l i t t l e  e f f e c t  on most p h y to p lan k te rs  a lthough  Dinobryon was r e ­

duced and G eratium  was e n t i r e l y  ab se n t a f t e r  tre a tm e n t. G eratium  r e ­

appeared in  th e  c o l le c t io n  on March 2li, 1958.

Zooplankton

B efore T reatm ent. Zooplankton was p re s e n t on a l l  sam pling da tes  

p r io r  to  tre a tm e n t (Table 1 7 ) . R o ta to r ia  and Gopepoda were th e  most 

f r e q u e n tly  encoun tered  groups w ith  th e  genera  Ker a t e 11a , P o ly a r th ra  and 

Cyclops p re s e n t  i n  a l l  sam ples. A few genera  o f  R o ta to r ia  and Copepoda 

appeared s e a s o n a lly . B rachionus was p re s e n t during  th e  e n t i r e  p e rio d  o f 

open w a te r . I e p a d e l la  and lo th o lc a  appeared during  th e  s p r in g  and Iecane  

and Diaptomus were p re s e n t in  th e  summer and f a l l .  "While c ladocerans 

were p re s e n t on most o c ca s io n s , th e y  d id  n o t occur as f r e q u e n t ly  as r o t i ­

f e r s  and copepods. Ghydorus was p re s e n t i n  samples p r io r  to  trea tm en t 

excep t du ring  F eb ru ary , A p r i l ,  May and June, 1957» Bosmina occurred  in ­

f re q u e n tly  from A p r il ,  1956 th rough  Jan u ary , 1957 and was found in  a l l



T able I ? . .  Average number o f  z q o p la n k te rs  p e r . l i t e r  combined from  s t a t i o n s  Af "B and C i n
th e  E a s t Pond,

- Before
1 9 # 1957

Organism A p ril May June Ju ly Aug. S e p t. O ct. Dec. Jan . Feb. March A p ril
C ladocera"

Bosmina TK T it 2 I  - 2
C eriodaphnia 5 26 it3 20
Chydorus 19 78 7 3 113 lit 6 I 2 3
Uiaphanosoma T • I 2 2 T

Copepoda - •

Cyclops 12 h6 10 it9 iil. lit 5 5 58 35 23
Diaptomus T it 16 15
n a u p lii# * U t2 91 30 136 it38 it3. 30 2it 19 182 55 152

R o ta to r ia
A splanchna 8 2 T 17 it3 50 23 T It
B rachionus 9 9 I 18 6it it
K e ra te lla IU 2h it 191 36 79 21 68 16 9- 9 I
Lecane T it T T
L ep ad e lla -T T T
N otbolca 6 9 I 2 I I
P o ly a r th ra 2 it 38 it2 38 131 18 17 6 112 36 31

P ro tozoa 2 I 3 8 T T 3 ' 7 6 T
Ostracoda• T T it 11 22 7

#  T in d ic a te s  organism s th a t  were p re se n t in  numbers le s s  th an  one p e r l i t e r .  
-HKnauplii in c lu d es  l a r v a l  forms o f b o th  Cyclops and Diaptomus.



T able IV (C on tinued)

Before
\ *

A f te r
-

Organism-

’• V ‘ 1957 ' - - . . . ' - ' ' ' ’ 1958 "  - -
May June J u ly Mg = Sept = O ct. Nov= Jan = Feb. March A p ril

C ladocera
Bosmina I 9k 38 T* 2 T 3
C eriddaphnia 26 60
Chydorus 5
Diaphanosoma 5

Copepoda
Cyclops # 113 62 5 5 I 2 3
'Diaptomus T -

n au p lii-”-* 1*03 39 69 2 2 3 5 Ih
R o ta to r ia

Jisplahchna I T I I 8 13 2 3 10 6
B rachionus I I 35 16 I
K e ra te l la 35 38 66 ■ T T 2 n 2 I 2 6
Eecane""" h 6 I
E ep ad e lla ■ 2 15
N othulca I

. P o ly a r th ra ' 20 50 85 2 21 10 93 5 11 lU
P ro tozoa 539 53 130 6
O stracoda U

*  T in d ic a te s  organism s th a t  were p re s e n t in  numbers l e s s  th an  one p e r  l i t e r « 
n a u p l i i  in c lu d e s  l a r v a l  forms o f b o th  Cyclops and Diaptomus.
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samples from  F eb ruary  u n t i l  th e  tre a tm e n t d a te .  C eriodaphnia and D ia-  

phanosoma were found on ly  from June to  O ctober, 19-36 and in  June and J u ly , 

1937 • P ro tozoa  was sca rce  during  1936 b u t v e ry  abundant from May through 

J u ly  l i | ,  1937• O stracoda was sca rce  in  a l l  sam ples. O ther organism s  ̂

r a r e l y  encoun tered  were: C ladocera -  A lona, D aphnia, E u rycercus, Scapho-  

l e b r i s g R o ta to r ia  -  E u c h la n is , P la ty ia s , F i l i n i a , T ridhocefca l P r o to z o a -  

C en tro p y x is .

C onsiderab le  v a r ia t io n  o ccu rred  in  th e  number o f  organism s tak en  a t  

th e  th re e  sam pling s t a t i o n s .  S ta t io n  G, lo c a te d  a t  the more p ro te c te d  end 

o f th e  pond g e n e ra l ly  y ie ld e d  a g r e a te r  number th an  e i t h e r  s ta t io n s  A 'o r B 

which were more a f fe c te d  by wave a c t io n . The la r g e s t  v a r ia t io n s  occurred  

during  p u ls e s .  On May 6 , 1936, numbers o f  Chydorus v a r ie d  from two organ­

isms p e r l i t e r  a t  s t a t io n  A to  222 a t  s t a t i o n  C and on August 23, from 

seven p e r  l i t e r  a t  s t a t i o n  B to  23l| a t  s t a t i o n  C. The number o f  n a u p li i  

ranged from  II4O p e r l i t e r  a t  s t a t io n  A to  1968 a t  s ta t io n  C on August 10 

and K e ra te l la  ranged from 10 p e r l i t e r  a t  s t a t io n  C to  867 a t  s ta t io n  B on 

J u ly  l i t .  On May I ,  19375 n a u p l i i  numbers ranged from h3 p e r  l i t e r  a t  

s t a t io n  B to  1I4OO a t  s t a t io n  C.

Zooplankton abundance in  th is  pond d id  n o t fo llo w  any r e g u la r  p a t te r n  

d u rin g  the  p e r io d  A p ril 17 , 1936 to  J u ly  16 , 1937« In  1936, th e  only  p ro ­

nounced zooplankton p u lse  appeared in  August and r e s u l te d  from  an in c re a se  

in  th e  common g e n e ra . In  1937, p r io r  to  tre a tm e n t> on ly  one p u lse  was ob­

se rv ed . This occu rred  in  May and r e s u l te d  from e ru p tio n s  o f n a u p l i i  and 

D i f f u lg ia .

A fte r T reatm ent. A ll G ladocera and Copepoda d isap p eared  a f t e r  t r e a t -



irient ( J u ly  l 6 5 19!?7) and d id  n o t reap p ea r in  c o l le c t io n s  u n t i l  September 

203 when Eosmina and Cyclops were found. At t h i s  tim e the  w a ter was s t i l l  

to x ic  to  t r o u t .  Tanner, and Hayes (195>!?) re p o r te d  t h a t  zooplankton r e ­

appeared w hile th e  w ater was s t i l l  to x ic  to  f i s h .  Hooper and' Grzenda 

(1955) found t h a t  th e  2lf.-hour TLm o f Daphnia was 75 tim es g r e a te r  than  

th a t  o f th e  b lu n tn o se  !minnow (Fim ephales p rom elas) .

■ On September 20, 1957j advanced s tag e s  o f  Cyclops reap p eared  b u t 

n a u p l i i  d id  n o t re a p p ea r in  c o l le c t io n s  u n t i l  November k* Pennak (1953) 

re p o r te d  th a t  Cyclops may form "cy s ts"  o r  "cocoons" under adverse  env iro n ­

m ental c o n d itio n s  whenj in  the  copepodid s ta g e  and c i t e s  as an example an 

abundance o f c y s ts  on jLake bottom s in  midsummer p o s s ib ly  i n  resp o n se  to

anaerob ic  c o n d it io n s , ■ Presence o f advanced s tag e s  o f  Cyclops p r io r  to  th e
\

appearance o f n a u p l i i  may be an o th er in d ic a t io n  o f th e  fo rm ation  o f such

c y s t s .

O stracoda d isap p ea red  a f t e r  tre a tm e n t and d id  n o t re a p p ea r befo re  

te rm in a tio n  o f t h i s ' s tu d y . P ro tozoa were g r e a t ly  reduced fo llo w in g  t r e a t ­

ment b u t d id  no t com pletely  d isap p ea r u n t i l  August l5 -  They were no t 

found fo llo w in g  t h i s  d a te .  R o tif e r s  were g re a t ly  reduced b u t n o t com pletely 

e lim in a te d . B rachlonus was found im m ediately  a f t e r  tre a tm e n t and through 

September 7> 1957 when i t  d isap p eared  and was n o t encountered  a fte rw a rd s . 

F o ly a r th ra  and K e ra te lla  d isappeared  a f t e r  tre a tm e n t, b u t reappeared  in  

th e  c o l le c t io n  on August 15 , 1957 -

Bottom Organisms

B efore Treatm ent. Tendipedidae and-T u b ific id a e  were th e most abund-
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a n t organism s p r io r  to  tre a tm e n t. They were p re se n t in  approx im ate ly  

eq u al numbers b u t Tendipedidae c o n s t i tu te d  a la r g e r  volume (Table V). 

During th e  p e rio d  June 25 to  September 19, 19563 th e  numbers o f  in d iv id u a ls  

in  b o th  fa m il ie s  rem ained n e a r ly  c o n s ta n t b u t were n o tic e a b ly  reduced in  

th e  May and Ju ly  c o l le c t io n s  o f  1957? O ther organism s o c c a s io n a lly  en­

coun tered  w ere; H em iptera -  N otonectaj G astropoda -  Gyrau ltis-ahd Physaj 

C o leop tera  -  H a lip lu s ; Ephem eroptera -  T rico ry th o d esg T rich o p te ra  -  

Phryganea .

A fte r  T reatm ent. N e ith e r Tendipedidae n o r T u b ific id ae  e x h ib ite d  any 

n o tic e a b le  re d u c tio n  fo llo w in g  tre a tm e n t. Tendipedidae in c re a se d  s l i g h t l y  

and rem ained n e a r ly  c o n s ta n t in  number th roughou t th e  rem ainder o f the  

s tu d y . This i s  n o t irj. accord  w ith  th e  f in d in g s  o f o th e r  in v e s t ig a to r s ,

' Hooper and Grzenda (1955) re p o r te d  t h a t  a la rg e  p o r tio n  o f th e  benthos was 

k i l l e d  w ith in  one month fo llo w in g  tre a tm e n t in  two M ichigan la k e s . Cush­

in g  and O live (1956) re p o r te d  t h a t  no l iv in g  Tendipedidae la rv a e  were 

.. p re se n t in  c o l le c t io n s  th re e  days fo llow ing  tre a tm e n t. F a i lu re  o f Tendi- 

pedidae to  d ie  in  our p onds may have r e s u l te d  from in flo w in g  sp rin g s  in  

. th e  bo ttom s. T u b ific id ae  were tak en  in  approx im ate ly  th e  same number

seven days a f t e r  tre a tm e n t as th re e  days p r io r  to  tre a tm e n t. They in ­
­

c reased  g r e a t ly  in  abundance ..Sit days (August 19, 195?) a f t e r  tre a tm e n t.

An In c re a se  in  abundance o f  T u b ific id ae  a f t e r  tre a tm en t w ith  toxapherie Was

re p o r te d  by Cushing and O live (1956).

P la n t  In h a b itin g  Organisms

Before T reatm ent. G astropoda was th e  most numerous group o f Organ-



Table V. Number" and volum e. (cc) o f  bottom  organism s p e r  square  fo o t in  th e  E a s t, Middle 
and West Ponds b e fo re .an d  a f t e r  tre a tm e n t.

Before
- " E a s t Pond" ■- Middle Pond West Pond

Tendipedldae T u b ific id ae Tendipedidae T u b ific id ae Tendipedidae T u b ific id ae
- ■ D a te • No, Vole No. V ol. Date ' No. V ol. ■No.- V ol. Date No. V b l. Nb. V ol.
6/25/5(3 50 T% 61 0 .07 6/ 21/56 5li 0.33 206 0.16 6/ 20/56 60 0 .09 20 T
7 /23 /56 82 0 ,2 17 T 7/19 /56  llt3  0 .99 iU5 O .ll;
8 /17 /56 80 0 .3 66 0.07 8 /1 5 /5 6  103 0.53 26I1 0.26 8/13/56 102 1 .2 5 ' 2bh ' 0 . 2b
9/19/56 8U 0 .7 132 0.07 9 /9 /5 6 79 0 .99 33P 0.33 9/H i/56 77 0 .59 0 0 .0
5 /10 /57 12 -SHSf- 0 0 .0 5 /1 8 /5 7 55 ** 2h ■JHfr 5 /20 /57 62 ** 0 0 .0
7 /13/57 l b O il •10 T 7/12/57 82 O.I16 132 0.13 7/12/57 91 0 .2 6  1037 1.U5
7/16/57 toxapliene 7 /17 /57 Ghem-Fish S p ec ia l 7/18/57 Pro-N oxfish

lffce r -

7/23/57 7 0 .2 m T 7/23 /57 70 0 .33 53 0 .06 7/23/57 28 0 .19 297 0.30
8/19/57 39 0 .7 132 0.80 8/19/57 206 1 .20 59li o .59 8/19/57 193 1 .58 858 0.86

9 /17 /57 Pro-N oxfish
10/17 /57 toxaphene

A fte r
12/19/57 23 0 .2 396 2 .IiO 11/15/57 26 0.20 201 1.20 11/15/57 175 i .09 858 0 .86

3/28 /58 31 0 .3 330 2.80 3 /28 /58 5 0 .07 1089 2.18 3/28/58 238 1 .12 0 . 0 .0

#  Eess th a n  Qa05> c c .
Organisms p a r t i a l l y  decomposed, volumes n o t determ ined .



-2 7 -

ism s en coun tered , w hile  G yranlns and Eymnaea were th e  most abundant genera  

(Table V i) . G yranlns reach ed  maximum abundance in  A ugust, 195>6 and m in i­

mum in  J u ly , 19!?7‘ Lymnaea was most abundant in  O ctober, 1956 and l e a s t  

abundant in  May, 1957 • Fhysa was most numerous in  August b u t  reached i t s  

g r e a te s t  volume in  O ctober, 1956» I t  was ab sen t from c o l le c t io n s  in  May 

b u t reap p ea red  in  J u ly ,  1957$ j u s t  p r io r  to  tre a tm e n t.

Isch n u ra  (Odonata) was most numerous b u t o f  minimum volume 'In  August 

and Septem ber, 1956, when la rg e  numbers o f  young in d iv id u a ls  were p re s e n t .  

I t s  maximum volume was encoun tered  in  J u ly , 1957, when a r e l a t i v e l y  sm all 

number o f sub-im agos was p re s e n t .

W aididae (O lig b ch aeta ) was p re s e h t on ly  in  August and Septem ber, 1956 

w ith  maximum numbers o ccu rrin g  in  th e  l a t t e r  month. Tendipedidae (D iptera) 

was v e ry  abundant in  1956 b u t was n o t found in  1957 sam ples. Odonata and 

G astropoda were th e  o n ly  groups o f organism s p re se n t on J u ly  13, 1957, 

th re e  days p r io r  to  tre a tm e n t.

■ A fte r  T reatm en t. A reduced  number o f  gastropods was found in  samples 

e ig h t  days fo llo w in g  tre a tm e n t.  A f te r  J u ly  2it, a l l  genera  o f  t h i s  group 

in c re a se d  and on March 2It, 1958, t h e i r  combined t o t a l  volume exceeded th a t  

f o r  any tim e p r io r  to  tre a tm e n t. Odonata d id  n o t appear in , any samples 

tak en  fo llo w in g  tre a tm e n t. The absence o f O ligochae ta , Amphipoda, D iptera,. 

C o leo p te ra , Ephem eroptera and T rich o p te ra  in  c o l le c t io n s  ta k en  a f t e r  t r e a t ­

ment i s  n o t s i g n i f i c a n t ' s in c e  th e y  were n o t p re se n t in  th e  sample taken  

im m ediately  p r io r  to  tre a tm e n t. .



Table V I. Mimber and" volum e' (c e )  o f  p la n t  in h a b i t in g  o rgan ism s p e r  k ilo g ram  o f subm erged
a q u a t ic  v e g e ta t io n  in  th e  E a s t Pond b e fo re  and a f t e r  tr e a tm e n t w ith  to x a p h en e .

•Rp.fWA • After*
- 8 / 3 / # 9 /3 /5 6 10/27 /56  5/20/57 7/ 13/57 7 /2V 57 8/23/57 * 12 /9 /57 3/28/57

Organism No. V o l. No. V o l. No. V o l. No. V o l. No. V o l. No. Vol / No. Vole No. V o l. No. Vol'.
M phipoda " -

H y a lle la

O
s 68 T

C oleo p tera ’
S ten elm is £  T T 12 T 239 * *

D ip tera  ’•
Tendipedidae # 5  0 .3 309 T

Ephemeroptera
B a e t is ' " 5 T
T rieorythodes h2 T h2 T

Gastropoda
GyrauJus 5U3' 0 .9 li5o 0 .5 256 0 .3 123 * * 33 0 .2 17 T •61* T 60 0 .5
Lymnaea 56  T 10 T 232 0 .9 65 83 T 21 T 61 0 .8 151* 0 .3  .
Physa 61 T 37 T 1*2 0 .3 0 0 .0 25 T 8 T 1107 1 .1 97 3 .9  5

Odonata""" -- i

Ischnura 285 0 .7 283 0 .5 125 0.1* 136 58 1.1*
O ligoch aeta

N aididae h7 T 3lh3 0 .5
T richoptera

O ecetis 5 T -

Phryganea 16 T •

*  ■ T in d ic a te s  tr a c e ;  ' ~
-XiE Organisms s ta r t in g  to  decompose and volumes n o t determ ined.
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Middle Pond

D e sc rip tio n

The Middle Pond i s  23 y ears  o ld , d redg ing  hav ing .been  com pleted in  

193!?. I t  has a su rfa ce  a re a  o f  20.3 a c re s , a  volume o f approx im ate ly  183 

acre  f e e t ,  a  maximum dep th  o f 18 f e e t  and mean depth  o f n ine  f e e t .  The 

h e ig h t o f  th e  shore v a r ie s  from one to  about l£  f e e t  above th e  su rface  o f  

th e  w ater and i s  g e n e ra l ly  over s ix  f e e t  in  h e ig h t .  The bottom  i s  q u ite  

r e g u la r  in  s p i te  o f d redging  and i s  composed o f  a la rg e  amount o f muck 

and sm alle r amounts o f sand and co arse  g ra v e l. The su rfa ce  w ater f lu c tu ­

a te d  13 in ch es  in  19i?6 and 23 inches in  '1957.

The predom inant shore v e g e ta tio n  i s  Kentucky b lu e g ra s s . Emergent 

a q u a tic  v e g e ta tio n  in c lu d ed  g re a t  b u llru s h  a n d .c a t t a i l  Tihich occur along 

about 90 p e r c en t o f th e  s h o re l in e . Submerged v e g e ta tio n  i s  found over 

most o f  the  bottom  and c o n s is ts  la r g e ly  o f  s to n ew o rt, sago pondweed, w ater 

m i l f o i l  and sm all amounts o f  w h ite -w ater crow foot (Ranunculus c i r c in a tu s ) .

The o n ly  known f i s h  in tro d u c tio n  ( 2,1410 f iv e - in c h  rainbow  tro u t )  

occu rred  in  May, 19^1. Mo t r o u t  o f  any sp e c ie s  was found d u rin g  th i s  

s tu d y . The f i s h  found in c lu d ed  largem outh b la ck  b a ss , b la c k  c ra p p ie , 

yellow  p e rc h , w hite su ck e r, ca rp  and n o rth e rn  brown b u llh e a d  (M eiu ru s  

neb u lo su s) . C en tra rch id s  and yellow  perch  were presumed to  have been 

in tro d u ced  as unrecorded  s ta t e  p la n ts  o r  a s  u n o f f ic ia l  t r a n s p la n ts  from 

th e  E as t Pond. C arp, w hite  sucker and n o r th e rn  brown b u llh e a d  may have 

been in tro d u ce d  by b a i t  fish e rm en . ,
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F ish  E ra d ica tio n

This pond was tr e a te d  w ith  th ree  d if f e r e n t  commercial to x ic a n ts ,  a l ­

though p lan s c a l le d  fo r  th e  u se  o f  Chem-Fish S p e c ia l o n ly . L ive f i s h  were 

found a f te r  treatm en t w ith  Chem-Fish S p e c ia l and P ro-N oxfish , thus r e ­

q u ir in g  a th ir d  treatm ent (toxaphene) fo r  a com plete k i l l .

F i r s t  Treatm ent. On J u ly  175■1%>7, Chem-Fish S p e c ia l was used a t a 

co n cen tra tio n  o f  approxim ately  0*7 ppm. This to x ic a n t  con ta in ed  per  

cen t ro ten on e, 11 per cen t o ther cube e x tr a c t iv e s  and 83.5 per cen t in e r t  

in g r e d ie n ts . A p p lica tio n  began a t 7 :30  a.m . and was com pleted a t 10:00 - 

a.m.

D is tr e s s  r e s u lt in g  from ro ten o n e , i . e .  in crea sed  movement o f  f i s h  

in c lu d in g  lu n ges from the w ater in  an apparent e f f o r t  to  gu lp  a ir ,  were, 

observed w ith in  IJ? m inutes a f t e r  the s t a r t  o f  a p p lic a t io n . F if te e n  

m inutes l a t e r ,  a la r g e  number o f  b lu e g i l l s  were observed ly in g  on th e ir  

s id e s  near d eath , a t  th e  su r fa ce  o f  th e  w a ter .

In order to  determ ine e f f e c t iv e  p e n e tr a tio n , f i s h  were suspended"in  

w ire cages a t  depths as f o l lo w s : f iv e  f e e t  -  two b l u e g i l l s ,  one largemouth  

b la ck  b a s s , one w h ite  su ck er3 te n  f e e t  -  f i v e  b lu e g i l l s ,  one largemouth  

b lack  b a s s , one w hite  su ck er3 19 f e e t  -  two b l u e g i l l s ,  one w hite  sucker. 

One o f  the b lu e g i l l s  in  th e  cage a t f i v e  f e e t  was found dead one hour 

a f t e r  th e  s t a r t  o f  a p p lic a t io n  and l 5 m inutes la t e r  th e o th er  had d ied .

Two hours a f t e r  th e  s t a r t  o f  a p p lic a t io n , a l l  f i s h  in  th e cage a t te n  f e e t  

and one b l u e g i l l  and one w hite sucker in  th e cage a t  19 f e e t  were found 

dead. These were th e  l a s t  f i s h  to  d ie  in  any o f  the c a g e s .  The sucker in  

th e cage a t  f iv e  f e e t  was ly in g  on i t s  back fo u r  hours a f t e r  th e  s t a r t  o f



-3 1 -

a p p lic a t io n  b u t appeared normal 20 hours l a t e r .  This f i s h  rem ained a l iv e  

f o r  20 days a f t e r  tre a tm e n t (tim e of th e  l a s t  o b s e rv a tio n ) .

S ix  hours a f t e r  th e  s t a r t  o f  a p p lic a t io n  and on o th e r  o c c a s io n s ,p r io r
>

to  th e  second tre a tm e n ts sm a ll numbers o f  c e n t r a r c h id s 'were observed 

swimming among the  v e g e ta tio n . I t  appeared th a t  the  to x ic a n t  d id  no t 

p e n e tra te  v e g e ta tiv e  a re a s  i n ' s u f f i c i e n t  c o n c e n tra tio n s  to  k i l l  a l l  f i s h .

One and o n e -h a lf  days (60 m an-hours) were sp en t in  reco v e rin g  dead 

f i s h .  Only th o se  f i s h  which came to  th e  su rfa c e  during  th a t  tim e and 

th o se  in  shallow  w ater ( le s s  th an  th re e  f e e t  in  depth) were reco v ered . 

B lu e g il ls  were th e  most abundant sp ec ie s  found fo llow ed in  o rd e r by 

yellow  perch, b la ck  crappie and largem outh b la c k  bass ( Table l ) .  The 

num erical r e la t io n s h ip  o f th e se  f i s h  in  th e  above o rd e r was 33 : 32:2 :1  and 

t h e i r  w eigh t r e la t io n s h ip  was 1 1 :7 :1 :2 . Numbers of c a rp s w hite  suckers 

and n o r th e rn  brown b u llh ead s  are  n o t in c lu d ed  in  the  ta b le  s in c e  on ly  a 

few in d iv id u a ls  o f th e se  sp ec ie s  were k i l l e d  and co n sequen tly  reco v ered .

Second T reatm en t. On September IT 5 1937? t h i s  pond was t r e a te d  w ith  

Piro-Noxfish a t  a c o n c e n tra tio n  o f approx im ate ly  0 .93  ppm. This to x ic a n t 

i s  known to  co n ta in  2*3 p e r c en t ro te n o n e } 2*3 per c en t su lfo x id e  and 

o th e r  cube e x t r a c t iv e s .  B lu e g i l l s 5 b la c k  C rapp ies5 largem outh b lack  

b a s s 5 white, su ck ers  and n o rth e rn  brown b u llh e a d s  were k i l l e d  by t h i s  

,tre a tm e n t. No c e n tra rc h id s  were observed dying a f t e r  th e  d ay  o f a p p l i ­

c a t io n  and no suckers  were observed to  d ie  a f t e r  th e  second day bu t 

n o rth e rn  brown b u llh ead s  con tinued  to  d ie  f o r  th re e  days fo llo w in g  

tre a tm e n t.

S ix  days a f t e r  tre a tm e n t (September 23} 5 f iv e  brown t r o u t  were
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p laced  in  cages and suspended in  th e  pond. F ive  days l a t e r ,  th e se  f i s h  

had d ied  and th e pond was con sid ered  s t i l l  to x ic  to  t r o u t . Qn October 11 , 

tr o u t  were again  suspended in  th e pond. These were s t i l l  l i v in g  s ix  days 

l a t e r  and th e  pond was con sid ered  n o n -to x ic  to  t r o u t .

O bservations and f is h in g  e f f o r t ,  i . e .  th ree  Ij.8-hour g i l l  n e t  s e t s , . 

showed no l iv in g  cen tra rch id s but numerous l i v e  w hite suckers and northern  

brown b u llh ead s were found.

Third Treatm ent. ■ S in ce northern brown b u llh ead s and w h ite  suckers  

su rv ived  th e two p rev ious trea tm en ts , th e  pond was tr e a te d  w ith  toxaphene. 

The co n cen tra tio n  used  was approxim ately 0«,17 ppm. Three weeks fo llo w in g  

trea tm en t, fo u r  li8-hour and two 72-hour g i l l  n e t  s e t s -r e v e a le d  no l iv in g  

f i s h .  This pond was l a s t  t e s te d  on May 31, 1938 and found to  be s t i l l  

t o x ic  to  tr o u t  (7 .3  m onths) .  H em phill (1933) rep orted  th a t  a lk a lin e  

w aters tr e a te d  w ith  toxaphene in  A rizona were s a f e ly  re sto ck ed  w ith  r a in ­

bow tr o u t  fou r weeks fo llo w in g  treatm en t. Tanner and Hayes (1933) on th e  

other hand rep orted  th a t  an a lk a lin e  la k e  tr e a te d  w ith  t h i s  chem ical in  • 

Colorado remained t o x ic  fo r  a t l e a s t  seven  months.

P h y s ica l and Chemical C h a r a c te r is t ic s

Before T reatm ent. During the  summer and f a l l  o f  1936, th e  l im i t  o f  

v i s i b i l i t y  (se c c h i d is c )  averaged 6 .2  f e e t  and was lo w est in  the  f a l l .  

During th e  sp rin g  and summer o f 1937 i t  averaged  8 .8  f e e t .  T u rb id ity  was ' 

n o t determ ined  d u r in g .1936 b u t was g e n e ra l ly  l e s s . th a n  7»0 ppm SiOg in  

193?» The t u r b i d i ty  im m ediately  p r io r  to  tre a tm e n t was 3 ®8 ppm.

During th e  summer o f 1936, oxygen c o n c e n tra tio n s  and p h e n o lp th a le in
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a l k a l i n i t y  were h ig h e r  and m ethyl orange a l k a l i n i t y  low er in  su rfa ce  w ater 

th an  a t  th e  1 ^ -fo o t depth (Table VTl),. S t r a t i f i c a t i o n  a lso  occurred  to  a 

l e s s e r  e x te n t du ring  th e  w in te r„ Oxygen s a tu r a t io n  v a lu es  d u rin g  19^6 

were u s u a l ly  l e s s  th an  100 p e r  c e n t .  M ethyl o ran g e ' a lk a l in i t y  averaged 

n ear 200 ppm and th e  pH range was 8«,2-8*8. No p h e n o lp th a le in  a lk a l in i t y  

was found during  th e  sp rin g  o f 1956 and th e  w in te r  o f 1956-7.

In o rg an ic  n itro g e n  and phosphates were p re s e n t  in  th e  fo llo w in g  . 

am ounts: June 20, 1956 -  n i tro g e n , 0 .07  ppm and phosphate 0 .20  ppm; Nd- ' 

vernier 7, 1956 -  n i tro g e n , 0*21 and p h o sp h ate , 0 .0 0 ; March 2Ij., 1957 -  

n i t ro g e n , 0 .10  and p h o sp h ate , 0 . 06 ,.

A fte r T reatm en t. Follow ing tre a tm e n t w ith  Chem-Fish S p e c ia l ,  th e  

l im i t  o f v i s i b i l i t y  in c re a se d  m arkedly. The average a f t e r  tre a tm e n t was 

i t . 3 f e e t  as compared w ith  8 .8  f e e t  b e f o r e , No change was observed 

fo llo w in g  tre a tm e n t w ith  P ro -N oxfish .' However, a f t e r  tre a tm e n t w ith  to x a - 

phene a sec c h i disc''W as v i s i b l e  a t  th e  bo ttom . The average t u r b i d i t i e s ,  

ppm SiO p,were as fo llo w s; Chem-Fish S p e c ia l -  1 .7 5 ; P ro-N oxfish  -  2 .35 ; 

toxaphene -  0 .8 5 . NO im p o rtan t change Was observed in  in o rg a n ic  n itro g e n  

or phosphates fo llo w in g  tre a tm e n t w ith  Chem-Fish S p e c ia l .  Be te rm in a tio n s  

on August 19> 1957 showed n i t r a t e s  to  be 0 .0 8  ppm a n d .phosphate 0 .06  ppm.

Phytop lank ton

B efore T reatm ent. Chrysophyta was the .p red o m in an t group o f  algae 

(Table VITI,). Dinobryon was th e  most numerous re p re s e n ta t iv e  b e ing  found 

d u rin g  most o f  th e  open w ater p e r io d . I t  peaked in  August and ag ain  in  

O ctober, 1956. Diatoms were a lso  p re s e n t du ring  most o f  th e  open w a te r1



Table VIX.- Range o f p h y s ic a l  and chem ical p ro p e r t ie s  o f th e  M ddle  Fond b e fo re  and 
a f t e r  tre a tm e n t.

Depth.
( f e e t )

- ■ - Before A fte r
S pring Summer F a l l M n te r S pring Summer Summer F a l l M n te r

Oxygen p e r  c en t 0 58-131 6 2 - 9 7 86-107 U7-78 8 1 - 1 2 7 9 9 - 1 2 5 1 0 3 -1 1 2 89-126 100-105
s a tu r a t io n 15 = 12-75 76-88 36-61* 83-128 66-96 6 1 - 9 9 8 9 - 1 1 5 79-107

P h en o lp th a le in 0 6-6 7-15 0-16 0 8 - 1 2  ■ 16-21* 0 - 2 3 2 5 -3 0 2 1 - 3 2
a l k a l i n i t y  (ppm) 15 0 o4i 0-20 0 i - i5 5-10 1 8 - 2 0 22-30 10-32

M ethyl Orange 0 207-226 191-217 1 8 0 - 2 0 2 205-2ltl 1 9 5 - 2 1 0 186-188 151-185 182-190 .185-200
a lk a l in i t y  (ppm) 15 - 1 6 0 - 2 3 5 1 9 2 - 2 0 0 205-21*5 195-215 196-200 1 7 6 -1 9 3  182-195 185-205

pH 0 8.2-8.8

COO

I
O

CO 8.0-8 .7 7 . 8-8.5 8 . 2 - 9 . 0 7.0-8.7 8 . 2 - 8 . 8 8 . 2 - 8 . 8 8 . 2 - 8 . 8
i5 - - - 7.3-8 .0  7 .2-8 .6 8 .1-8 .6 8.2-8.7 8 . 2 - 8 . 8 8 . 3 - 8 . 9

T u rb id ity 0 ee ■ 1 . 9 - 1 2 . 0 1 . 9 - 2 . 5 1.3-2 .2 1 .1-2.6 o@5—i .o  1
(ppm SiOg) .15 -  • - 2.6-6.0 2.5-1*.3 1.5-2.2 1 . 6 - 3 . 9 0 .7 -1 .2 ^

S ecch i d isc
( f e e t ) ' ' __5T-9 __ 5—6 5-10 . 8-1X 10-18 10-16 18

'6 /20/56  11 /7 /5 6  3 /25 /57 ' - ■ 0/19/57
0 .0 ?  0 .2 1  0 .1 0  0 .0 8
0.20 0.0 0.06 0.06

NOd
FOti



Table V I I l . Number of" pHyfcoplankters per l i t e r  o f  water in  th e  Middle. Pond b efore and 
■ - ■ • a f t e r  trea tm en t.

-  B efore ~ “ ! -  — ----
1956  ”  ~  1 “  ”  “  '  ”  " '  '1957  " ' "  ■

A p ril May" June J h ly - Aug. "Sept. O ct. Nov. ' D e c W S u  Febl MA^ch IprT
Chlofdphyta"" .

C losterium 8 52t 8 28 8
C lo s te r io p s is 36
Cosmarium 8 35 8
G lo eo cy stis h
P ed iastfum " 8
Scenedesmus 2
S tau rastfu m -■ 8 8 12
Mougeotia 81 26 123 IOlt
Oedogonxum 16 8
S p iro g y ra 3 78
Zygnema 97 l,9W i 10 69 390 329 39
U n id e n tif ie d 171 5o 39 Sh 8

C hrysdphyta'
Chrysdphyceae

Blnobryoh 15 h i 151

O
N

£

3,h9h 216 33,lt25 1,618 8
B ac illa rio p h y c e ae

C dscinodiscaceae 52 28
Cymbellaceae 230 35 58 138 182 208 lt2 8 3ltl
F r a g ila r ia c e a e 11*521 51*2 132 56 ■ 261; 292 121 52 5,083 87
Gomphdnemataceae 33 IOlt
N avieulaceae 2,073 318 391 lli3 156 Iltl- 117 1,729 8
S u r ire l la c e a e 11 26

Pyrrophy ta -

Ceratium 5 38 2 .691 3 ,119 355 361t . 33
Perid in ium 8 8 8 26

Cyanophyta
Cylindrospermum 52 h3 26
N odularia 33 13
Q s c i l l a to r ia 5 32 8 35 35



Table VIIX (Continued)

Before
1957

; ' "  - ' ' May June ■ Ju ly Augo Septo Octe Ne
Chlorbphyta""

C Iosterium 8
G lo eo cy stis 8
S tau rastru m 8
Mougebtia"" 8 h8 35 17
Oedogbnium 8 8 8 17
S p iro g y ra h 8
Zygnema " 7b 69 i o i
U n id e n tif ie d h 35 h

C hrysophyta‘
Chrys ophyce ae

Dinobryon 100 b 8 8 17
B ac iila rio p h y c e ae

C oscinodiscaceae b
. Cymbellaceae 26 78 k76 251 521k . 31

F ra g iia r ia c e a e 82 152 130 199 915 962
N aviculaceae 22 b3 199 152 200 b
S u r i r e l la c e  ae 8

P yrrophyta
Ceratium 35 lt5 l 2,739 555 33b b8 .
P erid in ium h3 30 35 17

Cyanophyta
N odu laria 8 16 b3
O s c i l l a to r ia U 3 k

A fte r
19^8

98

156

52

52

3h
16
52
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p er io d  and reached  t h e ir  g r e a te s t  abundance in  A p r il5 1956 and March5 .1957« 

The n ex t most abundant group was Pyrrophyta w ith  Ceratium b ein g  pre­

dom inant. I t  was p resen t from A pril through November5 1956 and May- 

through O ctober, 1957° C hlorophyta5 rep resen ted  la r g e ly  by filam en tou s  

a lg a e , was most abundant in  May5 1956. Cyanophyta was r a r e ly  encountered .

The abundance o f  phytoplankton v a r ie d  ■ co n sid era b ly  betw een th e th ree  

sam pling s t a t io n s .  In d iv id u a ls  were most abundant in  th e more p ro tec ted  

area (S ta . C ). Peaks o f  abundance occurred in 'th e  sp r in g , summer and faLL  

Those occurring  in  the sp rin g  r e s u lte d  from in crea sed  numbers o f
I

F r a g i la r ia c e a e : and N a v ic u la c e a e in  the summer from Dinobryon and 

Ceratiumj in  th e  f a l l  from Ceratium . Phytoplankton was not encountered  

in  sam ples taken  during February5 1957° 1

A fte r  Treatm ent. L i t t l e  q u a lita t iv e  change occurred in  most phyto­

p lankton  fo llo w in g  treatm ent w ith  Chem-Fish S p e c ia l .  Ceratium was absent 

from th e sample taken lU days fo llo w in g  treatm ent but was p resen t in  th e  

sample obtained  29 days a f t e r  trea tm en t. Brown and B a ll  (19U3), Smith • 

(1939-ho) and Hooper (19I48) rep orted  l i t t l e  e f f e c t  on most groups o f  

phytoplankton from th e u se  o f  d e r r is .  In t h i s  stud y  most groups e x h ib ite d  

red u ctio n s fo llo w in g  treatm ent w ith  P ro-N oxfish  and toxaphene but th ese  

are n ot s ig n i f ic a n t  s in c e  s im ila r  red u ctio n s occurred during th e  same 

p eriod  o f  1956.

Zooplankton

B efore Treatm ent. R o t ife r s  were predominant w ith  K e ra te lla  th e  most 

abundant r e p r e se n ta tiv e  ( Table IX ). , The l a t t e r  was p resen t in  a l l



Table IX . Ifiuhber o f  zoop lankters per l i t e r  o f  w ater in  th e  Middle Pond b efore and a f te r  
trea tm en t.

■ - Before
1956 1957

. . .  - A p ril May June J u ly I S ep t. O ct, Nov. Dec. Jah . Feb. March A p ril
Clado'cera" — —

Bosmiha 13 21 .iu It 16 2 7 7 17 12 It 6 32
C eriodaphnia T* T 12 13 T T
Chydoms 6 3 T 3 8 10
Daphnia 2 3 T T T

" Diaphanosoma T 8 15 T
Copepoda ' -

Cyclops 32 3k 16 ItO 6 2 . 37 8 7 37 It5 18 17 7
Diaptoirius T
n a u p l i i 37 50 55 72 98 38 ItO 71 Itl l6 3 : 3 7lt

R o ta to r ia
A splanchha 159 22 2 9 12 2 63 12 I I
R i l in ia 18 10 T
K e ra te lla 583 788 2 10 16 13 15 19lt 65 80 73 29 5It '
Eecahe 6 • I T T T T
E ep ad e lla T T
N otholca 5 It T T T I
P e d a Iia  "" I 3 3 11 I
Pomphblyx ? T ' 30 . 3
P o ly a r th r a • 31 2it 29 11 57 68 77 73 3 2 6 3lt
T r ich o c e rba T I 9 6 T
T e s tu d in e l la  ? T 2 T 13 It

P ro tozoa
D if fu lg ia 2 2 k T- T • ? 8 236 75 I 7 T

O stracoda T T T T 5 h T

*  L ess than one per l i t e r .



Table 3X (C o n tin u e d ) .

B efore A f t e r ■
' 1957 1958 ■ "  '

May June J u ly ‘ Aug. S ep t. O ct. Not. J a n . Feb. March A p ril
C ladocera

Bosmina h7 63 11 I 16
C eriodaphnia T* It 19 3
Chydorus I 5 T T
Daphnia I T

Copepdda
'Cyclops 18 22 33 12 7 2 T
n a u p l i i 39 h6 96 53 66 b

R o ta to r ia ■
.Asplanchna T T I 2 I U
K e ra te lla 58 85 107 13 12 T T
Eecahe-  ' h T T I
L ep ad e lla ' T T VV
N otholca T 8 I 1
F o ly a rth ra 51t 81t IlU 58 . 98 I 20 29 3U
T e s tu d in e lla  ? T .70

P ro tozoa
"D if fu lg ia T I 2 3 10 T T

Q stracoda 3 T T
- •  ■ -  - - -

Less th a n  one p e r l i t e r .
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s amples b u t was most numerous in  A p r i l ,  May and November, 19^6 and No­

vember, 1997- Asplanchna and P o ly a rth ra  were p re se n t in  most sam ples- 

The form er reached  peak abundance in  A p r i l ,  1996 and th e  l a t t e r  in  October, 

1996 and J u ly , 1997« N otholca and F i l i n i a  were most abundant in  th e  

sp rin g  w hile  T e s tu d in e l la , T richocerca  and Pompholyx were most numerous in  

th e  summers. The l a t t e r  two were p re se n t o n ly  in  1996.

Cyclops was th e  predom inant copepod, be ing  p re se n t in  a l l  sam ples. 

L a rg es t numbers o ccu rred  in  August, 1996 and January  and J u l y /  1997. Bos-  

inina was th e  on ly  c lad o ceran  p re s e n t in  a l l  samples and was most numerous 

in  June, 1997. C eriodaphnia  and Chydorus were p re sen t in  th e  sp rin g  and 

summer w hile  Naphnia and Niaphanosoma were p re s e n t only  in  th e  summer. In  

1997, Niaphanosoma was absen t and Naphnia was sc a rc e .

N o ticeab le  v a r ia t io n s  in  abundance o f zooplankton occu rred  between 

th e  th re e  sam pling s t a t i o n s .  C ladocera  and R o ta to r ia  were most abundant 

a t  s t a t io n  A, w h ile  th e  number o f  Oopepoda was about th e  same a t  a l l  

s t a t i o n s .

Two zooplankton p u lse s  were observed i n  1996. The la r g e r  occurred  

d u rin g  th e  p e rio d  A p ril l k  to  May I  and r e s u l te d  from in c re a se d  numbers o f  

K e ra te l la  and A splanchna. The sm alle r occu rred  in  November and r e s u lte d  

from la rg e  numbers o f  K e ra te l la  and N if f u lg ia . A p u lse  was a lso  observed 

in  J u ly , 1997 which r e s u l te d  from e ru p tio n s  o f  K e ra te lla  and P o ly a r th ra . 

O ther organism s r a r e ly  encoun tered  w ere: R o ta to r ia  -  B rach ionus, ' '

E u c h la n is , Lecane, L ep ad e lla  and S ynchaetaj Copepoda -  Niaptomus j P ro to ­

zoa -  C en tro p y x is .

A fte r  T reatm ent. F ourteen  days fo llo w in g  trea tm en t w ith  Chem-Fish



- I l l -

S p e c ia ls  Bosminaj C yclops3 K e ra te l la  and F o ly a r th ra  were much reduced . 

Twenty-nine days a f t e r  tre a tm e n t, Bosmina had re tu rn e d  to  i t s  form er 

abundance and th e  o th e r  organism s showed an in c re a s e . Brown and B a ll 

(IpllB )3 Smith (l939-llO) and Hooper (19I48) re p o r te d  sharp  re d u c tio n s  in  

C ladocera  and Copepoda and w ith  v a r ia b le  r e s u l t s  in  th e  R o ta to r ia  fo llow ­

ing tre a tm e n t w ith  d e r r i s .

A fte r  tre a tm e n t w ith  P ro -N oxfish3 C ladocera d isap p eared  and was ab­

se n t from a l l  l a t e r  c o l le c t io n s .  Copepoda3 P ro tozoa  and R o ta to r ia  were 

g r e a t ly  red u ced . Of th e  l a t t e r  group, A splanchna, K e r a te l la 3 P o ly a rth ra  

and T e s tu d in e lla  were absen t in  samples p r io r  to  tre a tm en t w ith  toxaphene. 

E igh teen  days a f t e r  tre a tm e n t w ith  toxaphene no zooplankton was found in  

sam ples. The f i r s t  s ig n  o f reco v e ry  by. organism s was observed  83 days 

(January  10, 1938) fo llo w in g  tre a tm e n t when a s in g le  in d iv id u a l  o f  Poly-  

a r th r a  was found. K e ra te lla  and Cyclops f i r s t  reappeared  in  c o l le c t io n s  

138 days (March 2!4) fo llo w in g  tre a tm e n t and D if f u lg ia 3' 1?3 days (A p ril l l ) »

Bottom Organisms

Before T reatm ent. Tendipedidae and T u b ific id ae  were th e  most abund­

a n t organism s (Table V ). .  Tendipedidae f lu c tu a te d  s l i g h t l y  p r io r  to  

tre a tm e n t w ith  Chem-Fish S p e c ia l b u t was most numerous in  J u ly ,  1936 and 

l e a s t  numerous in  May, 1937. T u b ific id ae  in c re a se d  s l i g h t l y  from June 21 

to  September 9, 1936. I t  was most abundant in  Septem ber, 1936 and l e a s t  

abundant in  Ma.y, 1937« Chaoborus was r a r e ly  found in  c o l le c t io n s .
I

A fte r T reatm en t. The number o f  Tendipedidae and T u b ific id ae  showed a 

decrease  s ix  days a f t e r  tre a tm e n t w ith  Chem-Fish S p e c ia l .  About tw ice as



many in d iv id u a ls  o f th e se  fa m il ie s  were p re se n t 37 days a f t e r  tre a tm e n t as 

im m ediately  p r io r  to  i t .

. No in fo rm a tio n  on th e  e f f e c t s  o f  P ro-N oxfish  on bottom  organism s was 

secu red  s in c e  no c o l le c t io n s  were tak en  fo llo w in g  tre a tm e n t. C o lle c tio n s  

tak en  29 days fo llo w in g  tre a tm e n t w ith  toxaphene show an 80 p e r cen t r e ­

d u c tio n  in  Tendipedidae and a f t e r  162 days (March 28, 195>8), th e re  was an 

a d d it io n a l  15 p e r  c en t re d u c tio n . A lthough Tendipedidae su f fe re d  la rg e  

re d u c tio n s  a f t e r  tre a tm e n t w ith  toxaphene, T u b ific id ae  were approx im ately  

tw ice as abundan t.

P la n t In h a b itin g  Organisms

B efore T reatm en t. G astropoda was th e  predom inant group o f organism s
I'

w ith  Physa as i t s  most abundant r e p re s e n ta t iv e  fo llow ed by Gyraulus and 

Bvmnaea (Table X ) ..  Abundance o f a l l  th re e  organisms was g r e a te s t  in  

A ugust, 1956. Physa and Lymnaea were' l e a s t  abundant in  May and Gyraulus 

in  J u ly , 1957» Isch n u ra  (Odonata) was most numerous in  A ugust, 1956 and 

l e a s t  numerous in  J u ly ,  1957» T rico ry th o d es  (Ephem eroptera) was u s u a lly  

s c a rc e , excep t du rin g  May, 1957• Other organism s r a r e ly  encountered  i n ­

cluded  t O lig o ch ae ta  -  N aididae 5 D ip te ra  -  Tendipedidae; Odonata E ry the­

mas and Gomphidae$ T r ic h o p te ra  -  A graylea and Phryganea .

A fte r T reatm en t. The abundance o f p la n t  in h a b itin g  -organisms ob­

serv ed  a f t e r  tre a tm e n t as compared to  b e fo re  tre a tm e n t was as fo llow s s 

T rico ry th o d es  was l e s s  numerous $ Ischnu ra  showed l i t t l e  change in  abund­

ance 5 G yraulus and Lymnaea were approx im ate ly  10 tim es more numerous|

.Physa was about tw ice  as abundant. . .Mhile H y a lle la  and Tendipedidae were



Table X. Number and volume (e c )  o f  p la n t  in h a b itin g  organisms per k ilogram  o f  submerged 
v e g e ta t io n  in  th e  Middle Pond b efo re  and a f te r  trea tm en t.

Before-
7 / 7 / 5 6 ' 8 / 1 / 5 6 8 / 3 0 / 5 6 9 / 2 6 / 5 6 r~ W 2 T 7 5 6 ~ 5 / 2 0 / 5 7• - No. Y o l. No. V o l. No. V o l. No. Vole No. V o l. No. Vol

.Mphipoda
H yadlela 12k T 10 T io 5 T 143 T 9 -X-S

C oleoptera
H a lip lu s 10 T 5 T . 5 T

D in tera  ™ -
""Tehdipedidae 1 2 6 T 1 3 6 T 130 T 14 T

Ephemeroptera
T rie orythode s 71 0 .2 4 21 T 45 T 3 8 T 431 -S-S

Gastropoda ■
Gyraulus k3 T 215 0 .52 6 0 0 o.5o 4 8 8 0 .3 3 21 T 78 -SS
Lymnaea 613 1 .83 165 T 119 T 94 T 27 S S
Physa lk3 0.48 1 2 0 4 .19 3 6 5 3 .0 0 349 1 .4 3 37 T 41 - S S

Odonata
. Erythem is 5 T

Gomphidae 5 T
Ischnura 43 0 . 7 1 89 T 6 5 0 o .5 o 315 0 . 4 8 73 I 165 -S-S

T richoptera
A graylea i5 T '
Phrygarea 16 T 10 T 43 0 . 4 8

O ligoch aetes
Naididae 71 T 9 3 0 I

* *  Organisms p a r t ia l l y  decomposed, volumes n o t determ ined.



Table X (C ontinued)

' ' ' '  Before . . .  Af1;e r
7/13/57 7 / 2 4 / 5 7 8 / 2 3 / 5 7 1279757 . I 3 /28/57

No, V o l. HO, . Vole Erie Vole Mo. Vole Mo. Vol.
.M phipoda 

H y a lie la  
"Dipt e ra

Teridipedidae
Ephem eroptera

T rico ry thodes $3 T
G astropoda

Gyraulus 53 T
Lymnaea 95 T

"Physa 37h T
Odonata 

Erythem is
Isch n u ra  30 T

26 T

65 T

7 T

543 T
9 2 5  0 . 6 5
6 2 8  1 . 2 9

■ 32 T

4 n  o e4 i
6 2  o .4 o

9 4 6  2 ,4 9

4 T
46 T

127 T
1 9 6  T
127 2 .31

118 O.51 

133 4.60



n o t p re s e n t in  c o l le c t io n s  o b ta in ed  fo u r  days p r io r  to  tre a tm e n t5 they  

were p re se n t in  th o se  tak en  seven days a f t e r .  Gomphidae3 A graylea , 

Phryganea and N aididae were absen t seven days a f t e r  tre a tm e n t b u t t h i s  i s  

n o t s ig n i f ic a n t  s in ce  th e y  were n o t p re s e n t in  c o l le c t io n s  im m ediately 

p r io r  to  t r e a tm e n t .

No c o l le c t io n s  were tak en  fo llo w in g  tre a tm e n t w ith  Pro-N oxfish and 

b e fo re  tre a tm e n t w ith  toxaphene .

A fte r  tre a tm e n t w ith  toxaphene3 th e  Gastropoda was th e  on ly  group 

p re s e n t in  c o l le c t io n s .  F i f ty - th r e e  days fo llow ing  tre a tm e n t3 Gyraulus 

was reduced  about 75 p e r c en t and Physa about 90 p e r cen t b u t Lymnaea 

in c re a se d  approx im ate ly  30 p e r  c e n t. Numbers o f Gyraulus and Physa r e ­

mained about eq u a l and Lymnaea was ab sen t in  c o l le c t io n s  tak en  162 days 

fo llo w in g  tre a tm e n t. Isch n u ra  .and.Erythem is ■> w hile p re se n t b e fo re  t r e a t ­

ment w ith  P ro -N oxfish3 were ab sen t fo llo w in g  trea tm en t w ith  toxaphene.

TFest Pond

D e sc r ip tio n .

The West Pond has been p e r io d ic a l ly  dredged fo r  g ra v e l s in ce  1936.

The l a s t  s u b s ta n t ia l  d redging  was in  1955. The pond now has a  su rface  

a re a  o f  12 .8  a c r e s 3 a volume o f approx im ate ly  132 a c r e - f e e t3 a  maximum 

depth  o f 19 f e e t  and mean depth  o f te n  f e e t .  The shore l e v e l  i s  g e n e ra lly  

l e s s  than  one fo o t above the  w ater su rfa c e  b u t r i s e s  to  a maximum h e ig h t 

o f  te n  f e e t  on th e  sou th  end. The pond bottom  i s  q u ite  r e g u la r  in  s p i te  

o f  d redging  o p e ra tio n s  and i s  covered alm ost e n t i r e ly  w ith  f ib ro u s  p e a t .  

The su rfa c e  w ater f lu c tu a te d  13 .6  in ch es  in  1956 and 18 in ch es  in  1957.



The predom inant shore  v e g e ta tio n  on th e  e a s t  s id e  i s  cottonwood and 

Kentucky b lu e g ra ss  and on th e  w est s id e  sw e e t' c lo v e r  (M elilo tu s  a lb a ) and 

R ussian  t h i s t l e  (S a ls o la  k a l i ) .  Emergent a q u a tic  v e g e ta tio n  i s  found on ly  

around t h e .e a s t  shore and c o n s is ts  o f g r e a t  b u llru s h  and c a t t a i l .  Sub­

merged a q u a tic  v e g e ta tio n  c o n s is ts  la r g e ly  o f  stonework w ith  sm all amounts 

o f  sago "pondweed.

No rec o rd s  o f  f i s h  in tro d u c tio n s  are  a v a ila b le  and i t  i s  presumed
y

t h a t  th e  e x is t in g  f i s h  p o p u la tio n  r e s u l te d  from u n o f f i c i a l  t r a n s p la n ts  

from th e  Middle and E as t Ponds. 'The sp ec ie s  o f f i s h  p re s e n t  were b lue  g ill ,,  

largem outh b la ck  bass  and yellow  p e rc h .

E ish  E ra d ic a tio n

Qn J u ly  18 , 19^73 th e  West Pond was t r e a te d  w ith  a commercial to x i ­

c an t (P ro -JJo x fish ) .. The c o n c e n tra tio n  used  was approx im ate ly  Oe? ppm. 

A p p lica tio n  began a t  a.m . and te rm in a te d  a t  9 a.m .

D is tre s s  r e s u l t in g  from ro tenone  was f i r s t  observed te n  m inutes a f t e r  

th e  s t a r t  o f  a p p l ic a t io n .  Ten m inutes l a t e r  f i s h  were found n e a r  death  

ly in g  on t h e i r  s id e s  a t  th e  s u r fa c e .

E f fe c t iv e  depth  p e n e tra t io n  o f th e  to x ic a n t  was determ ined  by  su s ­

pending w ire  cages c o n ta in in g  h e a lth y  f i s h  a t  v a rio u s  dep ths in  th e  pond. 

F ish  were suspended as fo llo w s i f iv e - f o o t  d ep th , two b lu e g i l l s  and one 

w hite  su ck e r; 1 0 -fo o t d ep th , one b lu e g i l l ,  one largem outh b la c k  b a ss , one 

w hite  su ck e r;.’1 9 -fo o t d ep th , one w hite  su ck e r. Two, b lue g i l l s  in  th e  cage 

a t  th e  f iv e - f o o t  dep th  were dead 13 hours (8 :0 0  p .m .) a f t e r  th e  s t a r t  o f  

a p p l ic a t io n .  A ll f i s h  in  cages a t  g r e a te r  dep ths appeared h e a lth y  a t  th a t
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tim e. No more o b serv a tio n s were made u n t i l  23 hours a f t e r  treatm en t began 

( 6 : l£  a.m. th e fo llo w in g  m orning), a t  which t im e , a l l  f i s h ,  excep t the  

sucker a t th e  1 0 -fo o t  depth , were dead. This sucker was near death but 

d id  n ot d ie  u n t i l  1 :0 0  p.m. th e same d a te .

The le n g th  o f  tim e th e  w ater remained to x ic  to  tr o u t  was determ ined  

in  th e  same manner as fo r  th e  E ast Pond. T ests made 17 days fo llo w in g  

treatm ent showed th e w ater to  be n o n - to x ic . At th a t  tim e , ob serva tion s  

and f is h in g  e f f o r t ,  i . e .  s i x  2i|.-hour and th ree  IjS-hour g i l l  n e t  s e t s ,  

f a i l e d  to  show any l i v e  f i s h .

One and o n e -h a lf  days (23 man-hours) were spent in  reco v er in g  dead 

f i s h .  An attem pt was made to  recover  a l l  f i s h  which came to  th e su rface  

and th o se  ly in g  on th e  bottom  o f  th e  pond in  shallow  w ater (depth l e s s  

than th ree  f e e t ) .  Those which remained on the bottom in  deep w ater and 

th o se  which su rfaced  la t e r  were not rec o v ered . W eights and le n g th  

measurements were made.

Y ellow  perch was th e  most abundant sp e c ie s  p resen t (Table I ) .  L arge- 

mouth b lack  b ass was second in  t o t a l  w eight but l e a s t  numerous w hile b lu e -  

g i l l  w eighed the l e a s t  but was second most numerous. The r a t io  o f  y e llo w  

perch to  b lu e g i l l s  to  largem outh b lack  b ass was approxim ately 8 :2 :1  and 

th e  w eight r e la t io n s h ip  was l t : l : 6 .  The average t o t a l  le n g th  o f  y e llo w  

perch was g r e a te r  than th e  same sp e c ie s  from e ith e r  o f  th e  o th er ponds.

This probably r e s u lte d  from th e  sm aller  p op u la tio n  in  th e West Pond.

P h y s ic a l and Chemical C h a r a c te r is t ic s  •

During th e  e n t ir e  stu d y  p er io d , a s e c c h i d is c  was v i s i b l e  on the
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bottora and t u r b i d i t i e s  were g e n e ra lly  l e s s  th an  f iv e  ppm SiOg (Table X l) .

Only s l i g h t  chem ical v a r ia t io n s  o ccu rred  between su rfa c e  w ater and 

th a t  a t  th e  15>-foot d ep th  during  p e rio d s  o f  open w a te r , Oxygen s a tu r ­

a t io n  u s u a l ly  exceeded 100 p e r  c en t during  th e  sp rin g  and e a r ly  summer 

b u t was low er in  l a t e  summer and f a l l .  M ethyl orange a l k a l i n i t y  was 

u s u a l ly  above 200 ppm, excep t during  the  summer, and th e  pH ranged from 

7«5 to  8 .2 .

During th e  w in te r  o f 1926 some chem ical s t r a t i f i c a t i o n  occurred  in  

th e  West Pond. W ater a t  a depth  o f 12 f e e t  co n ta in ed  a low er co n cen tra ­

t io n  o f oxygen, low er pH and h ig h e r m ethyl orange a lk a l in i t y  th an  w ater 

im m ediately  below th e  i c e .  During th e  w in te r  o f  1927, s t r a t i f i c a t i o n  was 

l e s s  pronounced w ith  s l i g h t l y  low er pH and h ig h e r m ethyl orange a lk a l in i ty  

a t  th e  1 2 -fo o t d ep th . The l e s s  pronounced s t r a t i f i c a t i o n  .in 1927 may have 

been due to  g r e a te r  tra n sp a re n c y  o f th e  ic e  which p e rm itte d  more prim ary 

p ro d u c tio n .

Follow ing tre a tm e n t, no change in  p h y s ic a l or cham ical p ro p e r t ie s  

was observed .

Phytoplankton

Before T reatm ent. Chrysophyta was th e  most dominant group o f algae 

fo llow ed  in  o rd e r by P yrrophy ta , C hlorophyta and Cyanophyta (Table X II').

Of the  f i r s t  named group, Dinobryon was most numerous. I t  peaked during  

A ugust, 1926 and again  in  O ctober, 1927* Diatoms were sca rce  during  most 

o f  th e  p e r io d  b u t were numerous from A p ril  th rough  June, 1926 and in  March, 

1927« Of th e  P y rro p h y ta , Peridinum  was p re s e n t in  th e  m a jo r ity  o f samples.



T able X I. Ranges o f  p h y s ic a l  and chem ica l p r o p e r t i e s  o f  th e  W est Pond b e fo re  and a f t e r  t r e a tm e n t.

Before

—  “  .......................  -

Depth
( f e e t ) .Spring Summer F a l l Winter Spring Summer Summer W inter Spring

Oxygen per cen t 0 66-160 62-89 60-101 6 3 - 0 3 95-150 117-132 90-112 # 7 - 1 1 0 100-121
sa tu r a tio n 15 - 5 5 - 8 2 UU-IOl 12-61* 9 5 - 1 3 9  9 8 - 1 3 0 80-95 87-117 8 9 -1 3 0

P h en o lp th a le in 0 o' o-5 0 0 0-10 0 0 0 0
a lk a l in i t y  (ppm) 15 0 0-6 0 0 0-12 0 0 0 0

M ethyl Orange o . 172-220 117-205 212-232 2 3 5 -2 8 2 1 8 2 - 2 0 5  107-160 161-191 19U-215 160-21*7
a lk a l in i t y  (ppm) 15 180-220 1U2-205 202-21*0 250-330 182-21*2 125-172 165-181 1 9 U -2 2 0 230-280

pH 0 8.0-8 .5 7.5-8.5 7 . 6 - 8 . 3 8.0-8.2 7.8-8.3 7 . 5 - 7 . 9 7 . 5 - 8 . I 7.3-8.5
15 — 7.0-7 .U 8.0-8.2 7.6-8.1 7.5-8 .0 7.8-8 .1 7 . 2 - 8 . 2

T u rb id ity 0 = . OO 2.U—5.0 i.U -2.5 1 . 3 I . 0-1.3
\

d .5-1.0
(ppm SlOg) 

S ecch i d is c

15 1.2-12,01,0-1.3 0 .9 -1 .U 1.1-l.U 0 . 5 - 1 . 0

( f e e t ) 1 9

NO3 0.20 0.17 0.0? 0.02
PÔ  0.02 1.00 0.03 0.02



T ab le  X I I .  Number o f  phyfcop lank ters p e r  l i t e r  o f  w a te r i n  th e  W est Pond b e fo re  and a f t e r
< t r e a tm e n t .

Before
1956 ; " ........................1957
A p ril June J u ly  Aug.' S e p t. Oct'. Nov. Dec. Jan . Feb. March A p ril

C hlorophyta
.G lo s te r io p s ls
C losterium

3 9 11
IQ

Cosmarium 2
G lo eo cy stis 2 It 78
Pleurotaenium
Scehedesihus 2

2

M ougeotia'" 79h 3 1 6 6 l • 221 8
Oedogonium 2

2 oS p iro g y ra 1,129 59& ltl6 lt2 17
Zygnema 1 ,3 8 9 26 9 9 26 17
U n id e n tif ie d 6

Chrysophyta
Chrys ophyce ae

126 lt7lt 1 2 9Dinobryon IltO 2 ,3 6 2 6 l h  7 ,2 6 8 710 69
B ac illa rio p h y ceae

2 2C oscinodiscaceae 17
Cymbellaceae h$3 32 18 2 92 8 It 12
F ra g ila r ia c e a e 3 ,h i  & 7 8 6 6 10 8 U8 , 9 222 22
Gomphonematace ae 8

IOltN aviculaceae 2 H 8 6 106 87 87 26 217
Pyrrophyta

3Ht 3 9 6Ceratium 277 37
Perid ih ium

Gyanophyta
Ii h i 6 l h3

8

22 26 182 126 2 6  6 26

Cylindrospermum 2
N odularia 2
O s e i l l a tb r ia 6



Table X II (C o n tin u ed ),

B e fo r e ' A fter  '
1957 " " ' T  '  ' 195$
May June J u ly  ' . Aug. ' S ep t. ' Oct . No t . Jan . Feb. ' March •April

Chlorophyfca
C lo s te r ib p s is 8
G lo eo cy stis 6 9 8 5 6 210 117 -
MougedtIa'" h3 h 199 22 3 6 7
Oedbgonium 8 3h 8
S p iro g y ra 35 17 8 5 6 8 h 52 126
Zygnema""" k
U n id e n tif ie d 8 17

Chrysophyfca
Chrysophyceae - ■

Dinobryon 867 1 ,0 5 3 2 ,6 6 9 282 2,920 6 ,3 0 5 52 8
B ac illa rlo p h y ceae

Cymbellaceae 17 17 13 8 2 8
I r a g i l a r I a c e  ae k 8 ■8 8U 156 9k
. Gomphbnematace ae . 8 17
N aviculaceae 139 13 IOZ* 13 13 52 30 17

Pyrrophy ta
C eratium 8 61 6 5 17 h
P efid in ium 23lt 156 52 8 2 52

Cyanophyfca
O s c i l l a to r ia 8 2 6
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I t  was most numerous in  December, 19^6 and January , May and June, 1997, 

C eratium  was p re s e n t  from June th rough  Septem ber, 1996, w ith  peaks in  

June , Ju ly  and A ugust„ I t .  was a lso  p re s e n t from May th rough  O ctober, 1997, 

Chlorophyba was u s u a lly  s c a rc e , excep t from A p ril th rough J u ly , 1996, when 

la rg e  amounts o f  filam en to u s a lgae  were p re s e n t .  R ep re se n ta tiv e s  of th e  

Cyanophyta were r a r e .

There was co n sid e ra b le  v a r ia t io n  in  abundance o f phy top lank ton  be­

tween th e  th re e  sam pling s t a t i o n s .  S ta t io n  6 ,  lo c a te d  in  th e  most p ro ­

te c te d  a re a  (a lso  !mown to  c o n ta in  sp rin g s )  had the  g r e a te s t  number of 

in d iv id u a ls . Phytoplankton  bloom s, r e s u l t in g  p r im a r i ly  from  Dinobryon, 

occu rred  in  A ugust, 1996 and in  O ctober, 1997«

•After T rea tm en t. Treatm ent w ith  P ro-N oxfish  appeared to  have l i t t l e  

e f f e c t  on most groups o f phytoplankton* Dinobryon decreased  fo llow ing  

tre a tm e n t (August I ,  1997) and was absen t from samples tak en  August 19.

By September 7 , i t  had reach ed  i t s  form er abundance. Brown and Ball 

(l9l|.3) re p o r t  t h a t  Dinobryon in c re a se d  fo llo w in g  ro tenone  tre a tm e n t in  

T h ird  S i s t e r  Lake, M ichigan.

Zooplankton.

Before T reatm ent. The predom inant group o f zooplankton p re se n t was 

R o ta to r ia  (Table X IT l) . K e ra te I la  was th e  predom inant genus in  most 

sam ples and became abundant in  November, 1996 and June, 1997® P o ly a r th ra  

was p re s e n t in  n e a r ly  a l l  samples b u t was n ev er abundant. Asplanchna and 

P e d a lia  were most numerous in  summer.

Copepoda and C ladocera  were about e q u a lly  abundant and were re p re -



Table X H T « Number o f  z o o p la n k te rs  p e r  l i t e r  o f  w a te r in  th e  rIfest Pond b e fo re  and a f t e r
t r e a tm e n t .

B efore
1956 1957
A p ril June Ju ly Aug.. S ep t. O ct. ■ NOVe Dec. Jan . Feb. March A p ril

C ladocef a"
Bosmina 13 27 3 8 T 9 2 11 lit 19
C eriodaphnia -- Tk 7 15 21 5
Chydorus 26 6 6 T 32 3 I  . I I T T
Baphnia I 3 T

"S cap h o leb ris 20 U 3
Copepoda

Cyclops U 5 18 h 17 19 7 26 57 26 13 33
Diaptomus T 1 5 h h 2 T 3
n a u p li i 19 U8 70 57 J6 25 Ht 15 6 h2 55

E o ta to r ia -
Asplanchna 2 3 23 3 2 1
K e ra te lla ■ '6 96 25 2 . 3. 2li 332 122 112 ' h9 18 26
Lecahe I T T

. L ep ad ella T
N otholea 7 T T T T
P e d a lia T 20 6 T
P la ty ia s T T T T
P o ly a rth ra T 6 19 6 ■ 11. 9 I

P ro tozoa
D if f u le ia h I T T I I

O stracoda I ■ T 2 T 2 T

*  L ess than one organism per l i t e r



Table X I I l  (Continued} „

Before A fte r  '
.1957 —  — —  -  1938 — —  '
May June Ju ly Aug. S ep t. O ct. Nov." Jan . Feb. March A pril

Cladoeera"
Bosmina 15 12 21
C eriodaphnia . T 2 I H T
Chydorus 2 2 2 6 7 T I 2
Daphnia 2 2 I 2 T T
S cap h o leb ris 2 T 3

Copepoda
Cyclops 35 19 3 5 It I 32 17 T T
n a u p l i i 7h 37 21 15 22 15 6 6 26 I T

R o ta to r ia
,Asplanchna T - 3 8 T T T T
Brachionus T T g
K eratelT a 125 13k Itl 32 11 , It 2 10
Eecane T T i
Motholea T T T T
P o Iy a rth ra 2 3 ‘ 26 72 15 2 10 2

Protozoa"
D if fu lg ia T 2 T 3 T , T

Q stracoda I T T



s e a te d  in  a l l  sam ples. Cyclops' was th e  predom inant copepod and reached 

i t s  peak in  January  and May5 1957« A sm all number o f Diaptomus was p re ­

s e n t from A p ril th rough  December, 1956.
■ .

Bosmina wad.- th e  most abundant c lad o ceran  being  p re se n t in  a l l  samples 

p r io r  to  tre a tm e n t w h ile  Chydorus was s l i g h t l y  le s s  abundant. C erio -  

daphnia and S cap h o leb ris  appeared ' in  summer and e a r ly  f a l l .  1 The form er 

was most numerous in  September and th e  l a t t e r  in  June5 1956.

P ro tozoa and O stracoda were p re s e n t from A p ril  th rough  O ctober, 1956 

b u t were n ever abundant. O ther organism s o c c a s io n a lly  encoun tered  w ere: 

R o ta to r ia  -  B rach ionus5 M onostyla5 MothOlca5 PompholyK5 P la ty ja s 5 and 

E e p a d e lla j P ro tozoa  -  G en tro p y x is .

A n o tic e a b le  d if fe re n c e  in  abundance occu rred  a t  th e  th re e  s ta t io n s  

du ring  th e  s tu d y . S ta t io n  A5 lo c a te d  jn  a  deep w ater a re a , had th e  g re a t­

e s t  number o f  in d iv id u a ls  ex cep t in  November, 1956, when s t a t io n  C had a 

g re a te r  number o f  K e r a te l la . S cap h o leh ris  was found o n ly  a t  s ta t io n s  B 

and Co Daphnia was most abundant a t  s t a t io n  A and was r a r e l y  found a t  

s ta t io n s  B and C and Chydorus5 w hile  p re s e n t a t  a l l  s t a t i o n s ,  was most

numerous a t  s t a t io n  C.
'

Zooplankton in  t h i s  pond e x h ib ite d  l e s s  v a r ia t io n  in  abundance than  

in  th e  o th e r  ponds. The on ly  p u lses  observed- occurred  in  November, 1956 

and June, 1957 r e s u l t in g  from in c re a se d  numbers o f  K e ra te l la .

A fte r  T rea tm en t. Treatm ent w ith  P ro-N oxfish  had l i t t l e  ap paren t 

e f f e c t  on most groups o f zooplankton . Bosmiha was th e  o n ly  organism  which 

e x h ib ite d  adverse  e f f e c t s .  I t  was p re s e n t in  c o l le c t io n s  ta k e n  on Ju ly  13
I

( f iv e  days p r io r  to  tre a tm e n t)  b u t was ab sen t .from a l l  l a t e r  sam ples. The
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absence o f Diaptoimis0 B rach iom is, M onostyla, B o tho loa , Pompholyx, P la ty ias, 

L ep ad e lla  and C en tropyxis ' a f t e r  tre a tm e n t i s  n o t co n sid ered  s ig n i f ic a n t  

s in c e  th e y  were n o t p re se n t im m ediately  p r io r  to  tre a tm e n t. Brown and 

B a ll (19U3) ) Smith (1939> 19Uo), and Hooper (19I48) re p o r te d  sharp  r e ­

d u c tio n s  in  C ladocera  and Copepoda- The f iv e  p e r  c en t c o n ce n tra tio n  o f 

ro tenone  in  d e r r i s  used in  _the above s tu d ie s  was tw ice th a t  found in  P ro - 

Woxfish and t h i s  may account f o r  the  h ig h e r  m o r ta l i ty  o f m ic ro c ru s tacean s .

Bottom Organisms

Before T reatm ent. Tendipedidae and T u b ific id ae  were th e  predom inant 

o rgan ism s. The number o f Tendipedidae f lu c tu a te d  l i t t l e  b u t t h e i r  volume 

was g r e a te s t  in  A ugust  ̂ 195.6 (Table. V ). T u b ific id ae  in c re a se d  over th e  

p e rio d  June to  Septem ber5 1956. In  1957, th e y  were absen t in  May b u t 

reached  maximum abundance in  th e  J u ly  c o l le c t io n .  Procambarus (Decapoda) 

and A graylea (T ric h o p te ra )  were encountered  r a r e ly .

A fte r  T reatm en t. Seven days fo llo w in g  tre a tm e n t ( J u ly  23«, 1957), a 

la rg e  re d u c tio n  in  Tendipedidae and T u b ific id ae  was o b served . T h irty -tw o 

days fo llo w in g  tre a tm e n t (August 1 9 ) , and in  most l a t e r  c o l le c t io n s , 

Tendipedidae were approx im ate ly  tw ice as abundant as in  p rev io u s  c o l­

le c t io n s  and T u b ific id ae  were more numerous th a n  in  p rev io u s  c o l le c t io n s 5 

excep t fo r  J u ly  125 1957® T u b ific id ae  were absen t from th e  May, 1957 and 

March, 1958 c o l le c t io n s .  Brown and B a ll ( l9 b 3 ) . Smith (1939 and 19I1.O) and 

Hooper (19U8) r e p o r t  l i t t l e  e f f e c t  on most bottom  organism s by ro ten o n e . 

H esp erco rix a  (H em iptera) was found In  c o l le c t io n s  tak en  August 19 , 1957 

and Chaoborus5 B a e t is 5 Ephemera, T rico ry th o d es  and Ish n u ra  in  c o l le c t io n s



tak en  March 285 1958. These were n o t found p r io r  to  t re a tm e n t=

P la n t  In h a b itin g  Organisms

Before T reatm ent. H y a lle la  was th e  predom inant organism  fo llow ed in  

o rd e r by T rico ry th o d es3 Tendipedidae3 Isc h n n ra 3 Hydroporus and Procambarus 

( Table ZIV)„ These organism s were p re s e n t in  n e a r ly  a l l  sam ples and ex­

h ib i te d  peaks o f abundance as fo llo w s s H y a lle la  and T rico ry thodes in  

August and Septem ber3 19563 Iseh n u ra  in  Septem ber3 1956J Tendipedidae in  

May3 1957. H yiroporus and Pro'eambarus were numerous in  a l l  m onths. Pro-  

cambarus was th e  l e a s t  numerous3 b u t i t s  volume u s u a lly  exceeded the  

o th e r s . Lymnaea3 Physa3 A graylea3 P o ly cen tro p is  and H a lip lu s  were s c a rc e .

A fte r  T reatm ent. ■ The d i f f e r e n t  k inds o f  organisms e x h ib ite d  v a rie d
. . . .  ,

e f f e c t s  from th e  tre a tm e n t w ith  Pro-N oxfisbu P ro c a m b a ru sT fic o ry th o d e s  

and Ischnuna appeared to  be U n effec ted 3 being  approx im ate ly  as abundant 

a f t e r  tre a tm e n t as b e fo re . Iseh n u ra  in c re a se d  a f t e r  J u ly  and reached  maxi­

mum abundance in  March3 1958. T fico ry thodes was most numerous in  August 3 

1957 and th en  decreased  S harp ly 3 being  l e a s t  numerous in  December. This 

d ecrease  i s  n o t th o u g h t to  have been th e  r e s u l t  o f th e  to x ic a n t3 since  

t o x i c i t y  t e s t s  re v e a le d  the  w ater to  be n o n -to x ic  to  t r o u t  ,by August 5« 

Physa3 w hile sca rc e  p r io r  to  tre a tm e n t3 appeared in  a l l  a f t e r  trea tm en t 

c o l le c t io n s 3 excep t on August 27. Leonard (1938) re p o r te d  no s ig n s  o f 

d i s t r e s s  by s e v e ra l  k inds o f  in s e c t s 3 s n a i l s  and c ru s tacean s 'w h ich  were 

exposed to  a ro tenone  c o n c e n tra tio n  o f  one ppm fo r  $6 h o u rs .

H y a lle la  and Tendipedidae were t h e .o n ly  organism s th a t  e x h ib ite d  a

- 57-

n o tic e a b le  re d u c tio n . The form er was much l e s s  numerous in  th e  c o l le c t io n  ’



Table XIV „ Number and volume (c c )  o f  p la n t  in h a b i t in g  o rgan ism s p e r  k ilo g ram  o f  subm erged
v e g e ta t io n  i n  th e  'West Pond b e fo re  and a f t e r  t r e a tm e n t .

Before
' m m 7 /30 /56  " ”  0/ 27/55 '9/211756 “ 10/27 /56  ”

No, V ol. No. VOI. No. V ol. No. V ol. No. V ol.
lm phipoda

H y a lle la
C o leop tera

1,182 0 .71 710 ' Oohl 1,332 1 .69 1,595 1.60 220 0.16

H a lip lu s 3 T-x- 10 T 13 T 9 T
Hydroporus 11 T 10 T 13 T It T Ht T

Becapoda
53 11-35

-

’Procambarus 
D ip te ra

7 1 .67 k 2.11 9 7.79 lit T

' Tendipedidae 
Ephem eroptera

7h T 223 0.33 220 0.1t2 78 T 179 3.1t3

B a e tis  " 3 T h T Ht T 7 T
T rico ry th o d es 21 . T 37 T 2,166 0.L2 2,012 0.92 571 T

Gastropoda ,

Lymnaea 3 T V0
" Phys a 96 le l t l 3 T It T I

Odonata
Tschhura 21 T 27 T 220 1 .2 6 389 0.32 96 1 .37

T rich o p te ra
.Agraylea 11 T 23 T 63 T HO T
B o ly cen tro p is 7 T 76 T 119 1.38 37 T

* Less" th an  0 C05> ce«



Table XIV (C on tinued ).

B efore ' ‘ ■ A fte r
5/20/57- 7/13/57 7/24/57 0/27 /57 12 /9 /57

No. V ol, No. V ol. No. V ol. i No. V ol. No. V ol.
,Smphipoda ' —

H y a lle la 281 185 0.30 77 0.13 188 0.92 376 0 .85
C o leo p tera  .

Hydrbporus 13 T 18 T 13 T
Decapoda "" -

~~Procambarus ! ii ‘ 0.ii3 5 0.51 9 9.16 10 T
D ip te r i . '"

Tendipedidae 571 Ul8 0.22 -30 T
Ephem eroptera

B ae tis - 7 -X-X- 142 0 .68
T rico ry thodes 632 -X-X- 39 T 31 T 229 T 29 T

G astropoda
G yraulus 5 T
Lymnaea h T
Physa ■ 10 T 3 T

H em iptera
N otonecta 2 0 .68
V erm icorixa 3 T '

Odonata -
Xschnura 96. -X-Jf 39 T 25 T 169 0.34 251t 1 .01

T rich o p te ra
.Sgraylea

I 7 T

“ 37287̂ 7
No e Vol •

737 1.65

66 o.55

22 20.62

302 o.55

h9 o.55
55 T

5 T
16 ■ T
5 1.01

412 9.90

Organisms p a r t i a l l y  decomposed^ no volumes determ ined .



-SO-

o b ta in ed  s ix  days a f t e r  tre a tm e n t th an  b e fo re . F o rty  days a f t e r ,  i t  had 

reco v ered  to  i t s  form er abundance and in  March, 1958 reach ed  maximum 

abundance. While Tendipedidae was p re se n t in  samples im m ediately  p r io r  

to  tre a tm e n t, i t  was no t found fo llow ing  tre a tm e n t u n t i l  December., 1957• 

Hydroporus was ab sen t from th e  sample tak en  im m ediately  a f t e r  tre a tm e n t 

b u t appeared  in  i t s  form er abundance a f t e r  J4.O days. I t  o ccu rred  in  such 

sm all numbers p r io r  to  tre a tm e n t th a t  i t s  absence may have been th e  r e s u l t  

o f sam pling e r r o r .  Absence o f A gray lea , P o ly c e n tro p is , H a lip lu s  and 

B ae tis  i s  in s ig n i f ic a n t  s in ce  th e se  organism s were n o t p re s e n t  im m ediately  

p r io r  to  tre a tm e n t. W ith th e  ex cep tio n  o f  P o ly c e n tro p is , a l l  were p re s e n t 

in  c o l le c t io n s  tak en  in  December, 1957« H otonecta and H esperocorixa were 

n o t found p r io r  to  tre a tm e n t and were in  on ly  one c o l le c t io n  fo llow ing  

(December 1957)•

SUMMARY

1 . The e f f e c t s  o f th e  commercial to x ic a n ts ,  Pro-N oxfish , Ghem-Fish 

S p e c ia l and toxaphene on th e  p h y s ic a l, chem ical and b io lo g ic a l  p ro p e r t ie s  

o f th re e  c o ld  w ater ponds were s tu d ie d  during  th e  p e rio d  A p ril  l i t ,  1956 

to  A p ril 11, 1958.

2 . The E ast Pond was t r e a te d  w ith  toxaphene a t  a c o n c e n tra tio n  o f 

0 .13  ppm. The Middle Pond was t r e a te d  w ith  th e  fo llo w in g  to x ic a n ts  and 

c o n c e n tra tio n s ; Chem-Fish S p e c ia l -  0 ,7  ppm; Pro-N oxfish  -  0 .95  ppm; to x a ­

phene -  0 .15  ppm. The West Pond was t r e a te d  w ith  P ro-N oxfish  a t  a concen­

t r a t i o n  o f O„7 ppm.

3 . Live f i s h  were suspended a t  v a rio u s  dep ths in  th e  ponds to  t e s t



th e  t o x i c i t y  o f  th e  w a te r . The f i r s t  f i s h  d ied  in  th e  E as t Pond f iv e  

hours a f t e r  th e  s t a r t  o f a p p lic a t io n  o f toxaphene and th e  l a s t  f i s h  d ied  

' lk -2 h  hours a f t e r .  A fte r a p p lic a t io n  o f Chem-Fish S p e c ia l5 th e  f i r s t  f i s h  

d ied  in  one hour and th e  l a s t  f i s h  to  d ie  d id  so w ith in  th e  n ex t h o u r. In  

th e  Ifes t Pond th e  f i r s t  f i s h  d ied  13 hours a f t e r  s t a r t  o f  a p p lic a t io n  o f 

P ro-N oxfish  and th e  l a s t  30 hours a f t e r »

it= D ura tion  o f  t o x i c i t y  to  f i s h  was as fo llo w s: E a s t Pond5 l e s s  th an  

f iv e  m onthsI West Pond5 le s s  th an  two w eeks. Not a l l  f i s h  d ied  in  th e  

Middle Pond from tre a tm e n t w ith  Chem-Fish S p e c ia l and P ro -N oxfish . A fte r 

a p p l ic a t io n  o f toxaphene5 th e  pond has rem ained to x ic  up to  .the  p re se n t 

tim e ( June It5 1958). -

The num erical r a t i o  f o r  yellow  p e rc h 5 D lu e g i l l s 5 largem outh b lack  

D ass5 b la ck  C rapp ie5 Carp5 suckers recovered  from the  E as t Pond was 135? 

1 1 9 :1 7 :1 ^ :1 3 :1 . The r a t i o  o f  D lu e g i l l s 5 yellow  p erch 5 b la c k  C rappie5 

largem outh b la ck  bass from th e  Middle Pond was 5 3 :3 2 :2 :1 . The r a t i o  of 

yellow  p e rc h 5 D lu e g i l l s 5 largem outh b lack  b ass  was 13:8:1«,

6 . Follow ing tre a tm e n t5 a  sec c h i d isc  was v i s ib le  on th e  bottom  o f 

each pond.

7 o The predom inant a lg ae  in  a l l  ponds, were Sinobryon and G eratium 5 

each o f which were reduced  fo llow ing  tre a tm e n t in  th e  E a s t Pond. Ceratium  

was reduced fo llo w in g  tre a tm e n t w ith  Chem-Fish S p e c ia l in  th e  Middle Pond 

and Dinobryon in  th e  West Pond.

8 . K e ra te l la 5 P o ly a r th ra 5 Bosmina5 Chydorus and Cyclops were th e  

dominant zo o p lan k te rs  p re s e n t in  a l l  ponds. A ll C ladocera  and Copepoda 

were ab sen t fo llo w in g  tre a tm e n t in  th e  E as t Pond. In  th e  Middle Pond5
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K e ra te l la ., P o ly a rth ra  and Cyclops were g r e a t ly  reduced a f t e r  tre a tm e n t - 

w ith  Chem-Fish S p e c ia l .  Copepods and r o t i f e r s  were reduced  fo llow ing  

tre a tm e n t w ith  P ro-N oxfish  and C ladocera d isap p ea red . A ll zooplankton 

organism s d isap p ea red  a f t e r  tre a tm e n t w ith  toxaphene„ In  th e  West Pond, 

on ly  Bosmina was reduced  fo llo w in g  tre a tm e n t.

9o In  th e  E ast Pond, Tendipedidae showed no e f f e c t  fo llo w in g  t r e a t ­

ment and T u b ific id ae  in c re a s e d . Tendipedidae was reduced  and T u b ific id ae  

in c re a se d  a f t e r  tre a tm e n t in  th e  Middle Pond. T u b ific id ae  and Tendi- 

pedidae in c re a se d  fo llo w in g  trea tm en t in  th e  'West Pond-.

10 . A ll p la n t  in h a b it in g  organism s, excep t th e  G astropoda, d isap ­

p eared  fo llow ing  tre a tm e n t in  th e  E a s t Pond and Middle Pond. In  th e  'West 

Pond, H y a lle la  and Tendipedidae were reduced  a f t e r  tre a tm e n t w hile  o th e r  

organism s appeared  u n e f fe c te d .
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