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G O R D O N  E .  G U Y E R  A B S T R A C T

A c o m p a r i so n  of sampling techniques fo r  adult  and im m a tu re  

in se c ts  was conducted at  two locations in Michigan. The quantitat ive 

and quali ta t ive  d is t r ib u tions  including seasona l  v a r ia t ions  of the i n ­

sec t  populat ion w ere  used  in the co m p ar i so n  of t rapping  techniques .  

Included in the study is a p re sen ta t io n  of the bio logical  and eco log­

ical  data fo r  the in sec ts  collec ted .

The adult  m idges  of the fam ily  Tendipedidae con tr ib u ted  

over  99 p e r c e n t  of the in sec ts  rem oved  f r o m  the adult  t r a p s .  The 

tr ibe  Tendipedini  was well r e p re s e n te d  in sam ples  of both the adult  

and im m a tu re  s tages  and p roved  to be the m o s t  useful taxonomic 

group fo r  c o m p a r iso n  of sampling techniques .  C e r ta in  spec ie s  of 

the tr ibe  Tendipedini  w ere  consis ten tly  p r e s e n t  in l a rg e  n u m b ers  

while o ther  spec ie s  w ere  cap tu red  only occas ionally  during  the in ­

ves t iga t ion .  A d iscu ss io n  of the n u m b e r  of gene ra t io ns  p r e s e n t  

during the study is p r e s e n te d  fo r  those spec ies  with definite l i f e ­

cycle t r e n d s .  A study of the ini t ia l  in sec t  population as well as 

in se c t  success ion  in a new pond is p re sen ted .

In the tr ibe  C a lopsec t r in i  unequal n u m b e rs  of m a les  and f e ­

m a le s  a p p ea red  in the months of May through August,  but not in
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G O R D O N  E .  G U Y E R  A B S T R A C T

S ep tem b er ,  and f a r t h e r ,  sex  ra t ios  d if fered  among the months of 

May th rough  August .

The tent  and funnel t r a p s  w e re  equally su ccess fu l  in making  

a quanti tat ive e s t im a t io n  of all taxonomic groups  sam pled  during the 

study with the exception  of the hele id  adults .  S ta t is t ica l  ana lys is  

of the sampling  data con f i rm ed  the a ssum pt ion  that  the hele id  

adults  w ere  cons is ten t ly  m o re  nu m ero u s  in the ten t  t r a p  sa m p le s .  

When the adult  and im m a tu re  in se c t  populat ions in a pond w ere  

sam pled  to the sam e  degree  the em e rg en c e  p a t te rn s  of individual 

spec ie s  and h igher  taxonomic groups could be p re d ic ted  equally as 

well with the adult  in sec t  sam ples  as with the bottom deposit  s a m ­

p le s .
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INTRODUCTION

The aquatic  in se c t  fauna of ponds, lakes ,  and s t r e a m s  has 

rece iv ed  worldwide a t ten tion  fo r  m any y e a r s .  The aquatic  in s e c t s ,  

along with o ther  components  of the in v e r te b ra te  fauna,  have been 

studied  not  only by the taxonom is ts  but a lso  by b io log is ts  in g en e ra l  

who have been  in t e r e s t e d  in the p a r t  these  o rg a n ism s  play in aquatic  

ecology.

Aquatic in sec ts  have been co llec ted  both quanti tat ively  and 

quali ta t ive ly  in the adult and im m a tu re  s tages .  The types of t r a p ­

ping dev ices  u t i l ized  in the sampling of aquatic in sec ts  have been 

e x t r e m e ly  va r iab le ,  each s a m p le r  being developed to m ee t  the needs 

of a p a r t i c u l a r  s i tua t ion.  In the United States th e re  has  been  a 

g e n e ra l  t r e n d  tow ard  sampling  the im m a tu re  s tages  of aquatic  in ­

se c ts .  The im m a tu re  fo rm s  a re  very  useful in making quantitat ive 

vo lu m etr ic  and n u m e r ic a l  e s t im a t io n s  of the benthic fauna.

The taxonomic t r e a tm e n t  of many of the im m a tu re  f o r m s  of 

aquatic  in sec ts  is not complete  because  of th e i r  va r ia t ions  and c o m ­

plexity.  The re c en t  i n t e r e s t  in the study of pollut ion and its  effect 

on the aquatic  env ironm en t has led to a genera l  need fo r  m o re  s p e ­

cific de te rm in a t io n  of the aquatic o rg a n is m s .  Since specific

1



z

d e te rm in a t io n s  can a c c u ra te ly  be made on m o s t  of the adult  aquatic  

in s e c t s ,  it a p p ea red  tha t  adult t rapping devices would be applicable  

fo r  such work.

This study was under taken  to provide in fo rm ation  concern ing  

the e f fec t iveness  of adult  in se c t  t rapping  dev ices .  Var ious  types of 

adult  sampling techniques w ere  c o m p ared  with the conventional  b o t ­

tom deposi t  s am p le s .  In making c o m p ar i so n s  of the various  sampling  

techniques  the sp ec ie s  composit ion ,  n u m e r ic a l  d is tr ibu tion ,  and s e a ­

sonal va r ia t ions  of the aquatic  fauna w ere  studied.

During the co u rse  of the inves t iga t ion  i t  becam e  appa ren t  

tha t  the data,  which w ere  p r im a r i l y  being taken  fo r  the pu rpose  of 

evalua ting  the trapping techniques ,  would be even m o re  valuable 

in a b io logica l  study of the aquatic  in se c t  fauna. The biological  

and ecological  obse rva tions  made during the study r e p r e s e n t  a sub­

s tan tia l  p a r t  of the data p re se n te d .  It was intended that  these  data 

would se rve  both to de te rm ine  the capab i l i t ie s  of the trapping te c h ­

niques as  well as to p r e s e n t  the biological  information .

F ie ld  work  was begun a t  the Lake City E x p e r im e n t  Station 

in A pr i l ,  195Z, and continued until M arch  of 1953. The Kellogg 

F o r e s t  Pond  inves t iga t ion  was s t a r t e d  in Apri l  of 195 3 and c o m ­

ple ted  the following N ovem ber .  L a b o ra to ry  studies of the m a te r i a l
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co l lec ted  in the f ie ld  w e re  c a r r i e d  on continuously f ro m  A pri l ,  1952, 

until June of 195 4.



HISTORICAL REVIEW

Aquatic i n v e r t e b ra t e s  have been sam pled  quanti ta t ive ly  and 

qua li ta t ive ly  e i th e r  by the use of var ious  types of bottom deposi t  

s a m p le r s  o r  by d if fe ren t  f o rm s  of float ing t r a p s  des igned to cap tu re  

the em erg ing  adults .  G enera l ly ,  ecological  in ves t iga t ions  of aquatic  

o rg a n i s m s  have been  under taken  to provide in form ation  concern ing  

the p roduc tiv i ty  of a pond, lake ,  o r  s t r e a m .

M ost  of the sampling devices ,  buil t  and d e sc r ib e d  by r e s e a r c h ­

e r s  fo r  sampling  bottom o rg a n i s m s ,  have been buil t  fo r  the purpose  

of invest iga t ing  the o rg a n ism s  inhabiting a lot ic  environm ent.  Many 

of these  bottom s a m p le r s  have been modified  fo r  use in lake and 

pond s tud ies .  The bottom deposi t  s a m p le r s  have included such d e ­

v ices  as the hand-dip method  used by Ludwig (1932), the sq ua re -  

foot t r a p  d e sc r ib e d  by Needham (1928), the d redges  used  by P e t e r ­

son (191 1) and Ekm an (1911), and the co llapsib le  one square  foot 

s a m p le r  employed by S u rb e r  (19 36) in h is  study of s t r e a m  bottom 

fauna  production .

The use of t r a p s  designed to sam ple  the e m erg en ce  of adult  

in sec ts  has been  a m o re  r e c en t  t rend .  Needham (190 8), in his  in ­

vest iga t ion  of s t r e a m  in sec ts  at  Old F o rg e ,  New York,  was the f i r s t



to use the tent  t r a p  method  for  collect ing adult  in se c t s .  Ide (1940) 

and Spru le s  (1947) both used  a modif ica t ion  of the tent t r ap  d e sc r ib  

by N eedham  in th e i r  inves t iga t ions  of the in sec t  fauna of Canadian 

s t r e a m s .

Adam stone  and H a rkness  (1923) w ere  the f i r s t  in v es t ig a to rs  

to use the ten t  t r ap  in the study of em erg ing  insec ts  f ro m  la kes .

In Russ ian  lakes ,  G ra n d i lew sk a ja -D eck sb ach  (1935) and Boru tzky 

(19 39) used  m e ta l  funnel t r a p s  to study midge e m e rg en c e .  Brundin

(1949) used a funnel t rap  made of m e ta l  net ting in his inves t iga t ion  

of the ol igotrophic lakes  of sou thern  Sweden. G uyer  (1952) used a 

modif ica t ion  of the funnel t rap  d e sc r ib e d  by Brundin  (1949) in the 

study of in sec ts  em erg in g  f ro m  fe r t i l i z e d  ponds in Michigan.

Var ious  types of f loating tent  t r a p s  have been d e sc r ib e d  fo r  

use  on lakes and ponds. M i l le r  (1941) used a f loating tent  t rap  to 

study the ecology of the fam ily  Tendipedidae in Costel lo Lake,  On­

ta r io .  The tent  t r ap  technique was a lso employed by Scott and Op- 

dyke (1941) in th e i r  invest iga t ion  of em erg ing  in sec ts  f ro m  Winona 

Lake ,  Indiana. Macan (1949) found a floating tent  t rap  useful in 

his ecologica l  study of Three  Dubs T arn .

There  have been  few studies in which both adult  and la rv a l  

s am p les  have been taken f ro m  the same a r e a  at the sam e  t im e .
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Lik ew ise  th e re  has been  no effort  to c o r r e l a t e  adult  and l a rv a l  

sam ple  da ta .  Usually  adult  em e rg en c e  data have been used to sup­

p lem en t  bottom sample  ana ly ses .

The a c c u ra c y  of the va r io us  la rv a l  sampling devices  has often 

been  d is c u s s e d  as  a p a r t  of a g ene ra l  study of bottom fauna. L e o ­

n a rd  (1939) devoted a comple te  p ap e r  to the d is cuss ion  of the a c c u ra c y  

of bottom sampling  technique using the " S u r b e r  ty pe1’ s a m p le r .

The taxonomy and ecology of the European  spec ie s  of the 

fam ily  Tendipedidae has  rece iv ed  co n cen t ra ted  study by many r e ­

s e a r c h e r s .  Thienemann and Kieffer  (1916), G oetghebuer  (1921),

E dw ards  (1929), and Brundin  (1949), as  well as many other  in v e s t i ­

g a to r s ,  have m ade  outstanding contr ibutions to the tendipedid l i t e r a ­

tu re .  Many of the E uropean  studies  have involved the use of midge 

l a rv a e  as in d ica to rs  of lake types.

In the United States the taxonomy of the fam ily  Tendipedidae 

has been  co n s id e red  by Malloch (1915), Johannsen  (1937, 1937a),

H auber  (1944, 1945), Townes (1945), and Johannsen  and Townes (1952).

Life h i s to ry  and ecologica l  invest iga t ions have been  made by 

m any  A m e r ic a n  w o rk e r s  with some of the outstanding contr ibutions 

in this  f ie ld  be ing made by L e a th e r s  (1922), Sadle r  (1934), B erg

(1950), and C u r ry  (1952). Both in Europe  and A m e r ic a  many of
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the taxonomic s tudies have been the r e s u l t  of a p r o g r a m  under taken  

to study a c e r ta in  a sp e c t  of midge life h i s to ry  o r  ecology.



EXPERIM ENTAL STUDIES

Location^ and D e s c r ip t ion of Ponds

This inves t iga t ion  was conducted at two loca tions  in the L ow er  

P e n in su la  of Michigan.  The 1952 studies  w ere  c a r r i e d  on at the 

Michigan State College Lake City E x p e r im e n t  Station in M issaukee  

County, T. 22 N.,  R. 7 W., Section 7. The 1953 studies were  loca ted  

a t  the W. K. Kellogg F o r e s t  in Kalamazoo County, T. 1 S., R. 9 W., 

Section 21.

At the Lake City Station six ponds and a r e s e r v o i r  a r e a  

w ere  included in the study (F igure  1). The Lake City ponds a re  of 

two g e n e ra l  types .  The f i r s t  is r e p re s e n te d  by ponds " A , 11 ’’B , "  

" E , "  and MF ,f which a r e  co n s t ru c ted  with in let  and outlet  s t r u c tu r e s  

making it  poss ib le  to regula te  the flow of w a te r .  During the study 

all ponds w ere  m ain ta ined  at  m ax im um  depth and no w a te r  was a l ­

lowed to flow through the ponds. The m ax im um  depth of ponds 

’’A ,"  ITB , M " E , 11 and MF n was six fee t ,  and the su rface  a r e a  v a r ied  

f ro m  one-half  a c re  in ponds MA M and ’’B 1* to tw o-ten ths  a c re  in 

ponds " E "  and ' ' F . ”  The w a te r  supply fo r  these  ponds re su l te d  

f ro m  impoundm ent of a sm al l  s t r e a m  fo rm ing  a r e s e r v o i r .  Ponds

8
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FIGURE 1

Map of the Lake City Ponds  and R e s e r v o i r  A r e a
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, ,C "  and n DM a r e  exam ple s  of the second type a t  the Lake City S ta ­

tion. These  ponds a re  pi ts  which rem a in ed  a f te r  e a r th  had been 

rem oved .  Ponds ’’C 1' and " D "  w ere  not  equipped with inlet  and 

outlet  s t r u c tu r e s  and all of the w a te r  was the r e s u l t  of the seepage 

of subsurface  w a te r .  The m ax im um  depth of pond 1' C ' 1 was one and 

one-ha lf  fee t ,  and of pond !,D TI was two and one-half  feet.

The co n s t ruc t ion  of the Lake City ponds was com ple ted  in 

1945. Since th e i r  comple t ion  the ponds have been  ut i l ized  for  f e r ­

t i l iza t ion  ex p e r im en ts  (Tack and Morofsky,  1946; Schmidt,  1952) to 

im p ro v e  f i sh  p roduction  and fo r  ecological  in se c t  invest iga t ions 

(Bray,  1949; G uyer ,  1952). Ponds " B , M " D , IT MF , ' T and TTF M have 

rece iv ed  vary ing amounts of c o m m e rc ia l  f e r t i l i z e r ,  while ponds ITA M 

and n C TI w ere  m ain ta ined  as contro l  ponds. The t ime of applicat ion  

and amount of 10-6-4  N - P - K  f e r t i l i z e r  applied during 1952 a r e  shown 

in Table I. All f e r t i l i z e r  was b ro a d c a s t  by hand over the pond s u r ­

face  .

The p red o m in an t  spec ies  of f i sh  in ponds ’’A ,11 MB , I! l!E , Tr 

and flF M w ere  the fa thead  minnows,  P i m e phales p r o m e la s  p r o m elas  

(Rafinesque) , N o r th e rn  redbelly  dace, C h ro s omus e os (Cope), and 

N o r th e rn  b lack  bu llheads ,  A m e iu r u s me las m e la s  (Raf ine sque) . D u r ­

ing 1952 an unsuccess fu l  a t tem p t  was made to stock ponds !IA ,T and



TABLE I

F E R T IL IZ E R  APPLICATIONS IN LAKE CITY PONDS, 1952

Pounds p e r  Acre  

May 19 June 11 July 2 July 29

A 0 0 0 0

B 100 100 50 100

C 0 0 0 0

D 150 150 150 150

E 100 100 150 150

F  100 100 150 150
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’'B 11 with ra inbow trou t ,  Salmo g a i r d n e r i i  (Gibbons). Ponds MCM and 

MD M contained no f i sh  during the 1952 invest iga t ion .

The bottom deposits  in the ponds cons is ted  of an organic  ooze 

vary ing  in depth f ro m  two to six inches which was deposited  over  a 

f i r m  clay b ase .  This organic la y e r  was d is t r ib u ted  evenly over  the 

bottom to within th ree  fee t  of shore  where it gave way to a sandy, 

s co u red  shoal a r e a .

In all of the Lake City ponds h igher  aquatic  p lants  w ere  found 

only a round  the pond m a rg in s .  Reed can a ry  g r a s s ,  P h a l a r i s  a r u n d i - 

n acea  (Linnaeus) was the p redom inan t  plant  surrounding the ponds.

Spe c ies  of the gen e ra  E l e o c h a r i s , Sci r p u s , and Ca r e x w ere  i n t e r ­

mingled  with the r eed  c a n a ry  g r a s s .  Duckweed, L emna m ino r  (L in­

naeus) ,  cove red  l im i te d  a r e a s  of pond MD .ft During the s u m m e r  of 

1952 a dense growth of Sp irogyr a s p . extended over  the su rface  of 

pond ’’A .1’ In pond ME M C hara  s p . covered  the bottom and fo rm e d  

a v e ry  dense mat.  Pond  " E "  was the only pond with plant  growth 

on the bottom.

During the p e r io d  of this  invest igat ion  a quanti tative and qua l i ­

tative study of the phytoplankton was a lso undertaken  by the au thor .

A total  of f i f ty - fou r  spec ie s  of algae were  identif ied f ro m  the six 

ponds.  The algae identif ied  belonged to five algal p lant  divisions



14

with 55 p e r c e n t  of the spec ie s  being m e m b e r s  of the Division Chloro- 

phyta ( P re s c o t t ,  1951). In the Lake City ponds c e r ta in  spec ie s  a p ­

p e a r e d  to in c r e a s e  n u m e r ic a l ly  (bloom) at two p e r iods  during the 

inves t iga t ion .  This  i n c r e a s e  was m o re  or  l e s s  evident in al l of 

the ponds.  The ,fb lo o m tf which developed ap pea red  to do so i r r e ­

spective  of fe r t i l i z a t io n .  F e r t i l i z a t io n  in c re a s e d  the total  plankton 

production  but it was not respons ib le  fo r  the seasona l  va r iance .

There  was very  l i t t le  zooplankton production  in the ponds.

The r e s e r v o i r  a r e a  a t  the Lake City Station cons is ted  of a

six and one-half  a c re  im poundment bu il t  to provide a w a te r  supply

f o r  the p rev io u s ly  d e sc r ib e d  ponds. The m ax im um  depth in the

r e s e r v o i r  was ten fee t .  About one-half  of the r e s e r v o i r  a r e a  was 

l e s s  than two fee t  deep and was heavily populated with vegetat ion.  

Dead t r e e s  and b ru s h ,  which re su l te d  f ro m  the flooding of a sm a l l  

c e d a r  swamp, w ere  p r e s e n t  in m uch  of the r e s e r v o i r  a r e a .

The th ree  sampling  sta t ions which were  e s tab li shed  in the 

r e s e r v o i r  w ere  a r r a n g e d  so that  th ree  different  aquatic  habitats  would 

be sam pled .  Station " a 11 was loca ted  in the cen te r  of the l a rg e ,  open 

w a te r  a r e a .  The depth at th is  s tat ion was 10 fee t .  The only veg e ­

tat ion p r e s e n t  a t  s ta t ion  " a 11 was s c a t t e r e d  plants  of Ch a r a  s p . g ro w ­

ing on the bottom. Station n b IT was se t  up at  the en trance  of the
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l a rg e  pond. At this s tat ion the m ax im u m  depth was th ree  and one- 

half  fee t .  An ex tensive  bed  of the f lo a t ing - lea f  pondweed, Po tam oge to n  

na tans  (L innaeus) ,  was the p r in c ip a l  p lan t  growth a t  s tat ion lfb . M

Station rTc "  was e s tab l i sh ed  in a p ro tec ted  cove w here  the 

w a te r  depth ranged  f r o m  two to th ree  fee t .  During the s u m m e r  an 

extensive  g row th  of bushy  pondweed, Najas  f lexil is  (Willdenow), c o m ­

p le te ly  f i l l ed  the w a te r  at this s tation. At all th re e  sta t ions the b o t ­

tom deposi ts  cons is ted  of a ten to twelve inch muck la y e r  evenly 

d is t r ib u ted  over  clay subsoil .  The n o r th e rn  redbelly  dace, C h ro s omus 

eo s (Cope), was the p redom in an t  spec ies  of f i sh  in the r e s e r v o i r .

Kellogg F o r e s t  pond M1M was cons t ruc ted  during the s u m m e r  

of 1948. This  pond was fo rm e d  by removing  a pulpy pea t  deposi t  

which over la id  a f i r m  bed of m a r l .  In le t  and outlet  s t r u c tu r e s  w ere  

co n s t ru c ted  to allow the m ovem ent of w a te r  th rough the pond f ro m  

Augusta C reek .  Each  s u m m e r  an ex tens ive  growth of Spirogy r a sp. 

f i l led  the pond render ing  it  a lm o s t  u se le s s  fo r  f ish  production.  The 

decom posi t ion  of the S p i rogy ra  as well as  the settl ing out of debr is  

f ro m  the running w a te r  rapid ly  f i l led  the pond with a deep muck d e ­

posi t .  During the 1953 sampling  season  this  muck la y e r  was twelve 

to tw en ty -four inches  in depth over  the bottom of the pond. Above 

the organic  deposi t  the w a te r  v a r ie d  in depth f ro m  six to tw en ty -four
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inches .  A steady f low of w a te r  was m ain ta in ed  through the pond d u r ­

ing the inves t iga t ion .

Pond  M2 M at  the Kellogg F o r e s t  Station was built  during the 

fal l  of 1952. The pond was fo rm e d  by the impoundment of a sm all ,  

s p r in g - fe d  s t r e a m .  In f ro n t  of the dam  a f ib rous  pea t  deposi t  was 

r em oved  in o r d e r  to deepen the pond. Pond l l2 ,f had a su rface  

a r e a  of one and one-ha lf  a c r e s .  About one-half  of the pond was 

l e s s  than tw en ty -four  inches deep and r e su l te d  f ro m  the flooding of 

a swamp a re a .  In this shallow sect ion of the pond the bottom was 

c h a r a c t e r i z e d  by a f i r m  sod m a t  resu lt ing  f ro m  the dense vegetat ion 

p r e s e n t  in the a r e a  p rev io us  to flooding. In the deeper  a r e a  the 

bottom was f re e  of vegetat ion.  S tart ing in N ovem ber  of 1952 the 

pond was al lowed to f ill .  On A pri l  4, 195 3, when this study was 

ini t ia ted ,  the pond had reached  a m ax im um  depth of five and one- 

half fee t .  Much of the w a te r  re spons ib le  fo r  f illing and maintain ing  

the w a te r  level  cam e f ro m  su rface  run-off .

The f i sh  populat ion in Kellogg F o r e s t  pond n 21' cons is ted  of 

one hundred  W e s te rn  s h e l l c r a c k e r s , Lepom is  m i cro lophus (Gunther), 

averag in g  4 inches in length. These f i sh  were  p lan ted  on the twenty- 

second of May, 1953.
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During the f i r s t  two weeks of August  a dense m a t  of vegetat ion 

rap id ly  b e c a m e  d i s p e r s e d  over the su rface  of pond M2 .M This m a t  

was com posed  p r i m a r i l y  of duckweed,  L em na  m in o r (Linnaeus) ,  with 

s c a t t e r e d  p lan ts  of Sp irode la po ly rh iza (Linnaeus) .  This m a t  of 

vegeta t ion  p e r s i s t e d  on the su r face  of the w a te r  fo r  the r e m a in d e r  

of the sampling  pe r iod .

F ive  sampling  sta t ions w ere  e s tab l ished  in pond , t2 .T' Station 

I was six fee t  out f ro m  the south m a rg in  of the pond where  the 

w a te r  was fou r  fee t  deep. The bottom type was of a c o a r se  sand 

composi t ion .  Station II was eight fee t  f ro m  the no r th  edge of the 

pond and the w a te r  was two fee t  deep. The bottom was com posed  

of sand and clay with a thin la y e r  of muck on top. Station III was 

in the deepe r  a r e a  of pond 1 *211 where  the w a te r  was six fee t  in 

depth. At s ta t ion  III the bottom deposit  cons is ted  of a deep f ib rous  

pea t  l a y e r .  The f i r s t  th ree  sta t ions  w ere  all loca ted  in the one-half  

of the pond w here  soil had been rem oved  for  the purpose  of deepen­

ing the pond. Stations IV and V w ere  placed in the w e s te rn  one-half  

of the pond w here  the w a te r  was shallow and the bottom was made 

up of the dense  sod m at.  During the s u m m e r  of 195 3 pond M2lf 

decl ined  twelve inches  in depth due to the absence of suff icient  ra in  

to m ain ta in  the w a te r  level .

i



18

Sampling of Adult In s ec ts

Two g e n e ra l  types  of sampling  devices w ere  employed to ob­

ta in  the adult  in se c t  s am p les .  The f i r s t  type was an inve r ted  m eta l  

funnel s t ru c tu re  used  by the author (Guyer,  1952) to study the effects 

of f e r t i l i z a t io n  on midge production  in the Lake City ponds. This 

t r ap  was a modifica t ion  of one used by Brundin  (1949) in his study 

of the fauna of Swedish mountain  lakes .  Two s izes  of funnel t r ap s  

w ere  used; one which sam pled  a one square  ya rd  a r e a ,  the o ther  a 

onerha lf  square  y a rd  a r e a  (Plate I, F ig u re  A). The d ia m e te r  of the 

l a r g e r  opening of the funnel in the one square  y a rd  t rap  was 40.6

inches and i t  t a p e red  to a 3.5 inch neck. The distance  f ro m  the

bottom of the funnel to the top of the t rap  was 20 inches including 

the neck  which was two and one-half  inches wide. The one-half  

squa re  ya rd  tr ap  had a funnel opening of 2 8.8 inches and the d i s ­

tance f ro m  the bottom of the funnel to the top of the tr ap  was 18

inches .  All o th e r  m e a s u r e m e n t s  were  the same fo r  the two funnel 

t rap  s .

At the top of the tr ap  a th ree  and one-half  inch " K e r r - t y p e "  

r ing was so lde red  in place;  to this  ring was sc rew ed  a two quar t  

f ru i t  j a r  (Pla te III, F ig u re s  A and B). A p a p e r  cup, with a hole cut 

in the bo ttom, was p laced  within the neck  of the f ru i t  j a r  and "S co tch

i
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tape*' was used  to hold the p a p e r  cup in p lace .  The t r a p s  w e re  

bu il t  of shee t  m e ta l  with all jo in ts  so ld e red  and around the bottom 

of the t r a p  a heavy wire  was buil t  in to keep the tr ap  r igid.  A 

line was connected  to the two q ua r t  j a r  and a buoy was fa s te ned  

to the o ther  end of the line.

The following p ro c e d u re  was followed in p re p a r in g  and p la c ­

ing the funnel t r a p s  in the ponds. F i r s t ,  a pap e r  cup with a one- 

half inch hole cut in the bottom was p laced  in the mouth of a Mason 

j a r .  At the m a rg in  of the pond the j a r  was sc rew ed  on the funnel 

and the t rap  was t r a n s p o r t e d  to the d e s i r e d  locat ion in the pond.

The trap  was eased  into the w a te r  and when a i r  in the big funnel 

had been d isp laced  by w a te r  it was low ered  to the bottom of the 

pond.

Special p recau t ions  w ere  taken to lo w er  the tr ap  in an up­

r igh t  posi t ion  and to see that  i t  r e s t e d  evenly on the bottom with 

the j a r  in a v e r t ic a l  posi t ion.  Whenever  poss ib le  the t r a p  was 

p laced  so that  the j a r  was under w a te r  to p rev en t  condensation  on 

the ins ide of the j a r .  At the sta t ion w here  the funnel t r ap  was 

suspended  above the bottom the tr ap  was handled in the m an n e r  

d e s c r ib e d  above except  tha t  the t rap  was suspended f ro m  a m eta l

i
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buoy. The d is tance  be tween the bottom of the suspended funnel t rap  

and the pond bo ttom  v a r ied  f ro m  four  to eighteen inches.

All adult  t r a p s  w ere  se t  in the w a te r  as  n e a r ly  as poss ib le  

to 1:00 P .M .  on the sampling  day and rem oved  the following day at 

the sam e t im e .  Special c a r e  was taken to keep the funnel su bm erged  

until the j a r  with the in sec ts  enclosed  could be removed .  The j a r  

was r a i s e d  ju s t  above the su rface  of the w a te r ,  unsc rew ed  f ro m  the 

funnel ,  and a l id s l id  over the opening. The j a r  was not tu rned  

upr igh t  until  the l id was in posi tion.

The Lake City ponds w ere  superf ic ia l ly  divided into quadran ts  

and the t r a p s  w ere  sy s tem a t ica l ly  moved f ro m  one quadran t  to ano ther  

each  t im e  the t r a p s  w ere  p laced  in the pond. All depths w ere  s a m ­

pled  since the t r a p s  w ere  shif ted back and fo r th  f ro m  the shallow 

w a te r  to deep w a te r  a r e a s  in the pond. The Lake City r e s e r v o i r  

s ta t ions ,  as well as  the s tat ions in the two Kellogg ponds, were  de ­

cided upon and m a rk e d  p rev ious  to the f i r s t  sampling pe r io d .  These 

w ere  p e rm a n e n t  s ta t ions and all sam ples  w ere  taken f ro m  the sam e 

a r e a  during the p e r io d  of the invest igat ion .

The second type of adult  sampling device employed was a 

floating type ten t  t r a p ,  s im i l a r  to the one used by Macan (1949) in 

his survey of a m oor land  f ishpond (Plate II, Figure.  A). This t rapping
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device was bu il t  in th ree  p a r t s .  The ten t  i tse lf  cons is ted  of a wooden 

f r a m e  which c o v e red  a one-half  squa re  y a rd  a r e a .  The tr ap  was 16 

inches  high. The s id es  w e re  co v e red  with cotton cloth and the top 

with a t r a n s p a r e n t  p la s t ic  h a rd w are  cloth. The t r a n s p a r e n t  p la s t ic  

top allowed a m ax im um  amount of light to p a s s  th rough and it also 

made i t  poss ib le  to o b se rv e  the act ivi ty of the in sec ts  inside.

The second p a r t  of the tent  t rap  ap pa ra tu s  cons is ted  of the 

p la t fo rm  on which the tent  r e s t e d  (Pla te II, F igu re  B) . This p l a t ­

f o r m  was co n s t ru c ted  of a 44 inch square  f r a m e  with four a i r - t i g h t  

bo tt les  used  to f loat  it. This p la t fo rm  was equipped with a rope and 

anchor  which held it  in p lace .  The p la t fo rm  rem a in ed  ancho red  at 

the stat ion being sam pled .  By manipulat ing the tent  t rap  in this  

m a n n e r  it was poss ib le  to use the same tent  at s e v e ra l  locat ions on 

a l t e rn a te  days.  Another advantage of the th r e e -p ie c e  tent  t rap  was 

tha t  i t  made it  poss ib le  to keep the tr ap  inside when the sampling 

was not  in p r o g r e s s .

The th i rd  p a r t  of the tent  t rap  a s se m b ly  cons is ted  of a 39 

square  inch  p iece  of m ason ite  b o a rd  which slid into a grooved a r e a  

on the unders id e  of the t r ap  (Plate I, F ig u re  B) . With this b o a rd  

in posi t ion  it was poss ib le  to t r a n s p o r t  the tent f ro m  the f ie ld  to 

the l a b o ra to ry  w here  the in sec ts  w ere  rem oved  with an a s p i r a to r .
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Sampling of Bottom Dep o s its

All of the quanti ta t ive  bottom deposit  sam p les  w ere  taken with 

an E km an  d red g e .  The Ekm an sa m p le r  co llec ted  a sample  f ro m  a 

36 sq ua re  inch su r face  a r e a .  Bottom deposit  sam ples  w e re  taken 

as n e a r  as  poss ib le  a t  weekly in te rv a ls  at the Lake City ponds and 

biweekly p e r io d s  a t  the Kellogg F o r e s t  ponds.

The sam ple  was taken  by ca re fu l ly  wading to the a r e a  to be 

sam pled  and lowering  the open dredge  to the pond bottom. Afte r  

the dredge was c lo sed  i t  was r a i s e d  slowly until  i ts  top was ju s t  

under the su r face  of the w a te r .  The sort ing  s c r e e n  was p laced  

beneath  the dredge  while it was st i l l  subm erged  and both w ere  l i f ted  

f ro m  the w a te r .  The en ti re  contents  of the d redge ,  as  well as  any 

m a te r i a l s  r e l e a s e d  into the sort ing  s c r e e n ,  w ere  em ptied  into a pail 

which was taken to a c e n t ra l  sort ing  a r e a .  All m a te r i a l  that  would 

w ash  through an 18 m e s h  s c r e e n  was s if ted  out. At the Lake City 

sta t ion  the o rg a n i s m s  w ere  rem oved  f ro m  the re s id ue  while they 

w ere  sti l l  a l ive .  A sm a l l  quantity of m a te r i a l  containing the live 

an im als  was t r a n s f e r r e d  to a white enam el pan where  they w ere  

eas i ly  seen and rem oved .

The bo ttom deposi t  sam p le s  taken f ro m  the Kellogg F o r e s t  

ponds w ere  taken  with the Ekm an dredge  following the sam e  p ro c e d u re
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as  that  above fo r  the Lake City s a m p le s .  The res idue  containing 

the in se c ts  which re m a in ed  a f te r  the Kellogg F o r e s t  sam ple s  had 

been  w ashed  was t r a n s f e r r e d  to a one or  two quar t  Mason j a r .  To 

p r e s e r v e  the m a te r i a l  f o r  fu tu re  study, fo rm a l in  was added to the 

j a r  containing the sam ple .

In the l a b o ra to ry  a modifica t ion  of the f lotation method  d e ­

sc r ib e d  by Welch (1948) and used  by Lym an (195Z) in his in v e s t ig a ­

tion of the bottom fauna of the Watts  B a r  R e s e r v o i r  was employed 

fo r  sepa ra t ing  the o rg a n ism s  f ro m  the d eb r i s .  The p r e s e r v e d  field 

res idue  was p la ced  in an 18 -m esh  sc re e n  and thoroughly rewashed.  

A f te r  the e x c e s s  w a te r  had d ra ined  off, the sample was subdivided 

into p o r t ions  convenient  fo r  handling. E ach  subsam ple  was p laced  

in a white enam el pan and flooded with a sa tu ra ted  solution of sodium 

ch lo r ide .  E ach  sam ple  was s t i r r e d  v igorously  and as the o rg a n is m s  

f loa ted  to the su rface  they w ere  t r a n s f e r r e d  into C a r l s  Solution,

This p ro c e d u re  of s t i r r in g  followed by the rem oval  of the o rg an ism s  

was c a r r i e d  out five t im e s  fo r  each  subsam ple .  A s e r i e s  of sam ples  

was run to d e te rm in e  the e ffect iveness  of the f lotat ion method.  It 

was found that  a f te r  five t im es  of a l te rn a te ly  s t i r r in g  and removing  

the f loat ing o r g a n i s m s ,  96 p e r c e n t  of the o rg a n ism s  could be rem oved .  

The absence  of aquatic  vegeta t ion ,  as well as the p redom in ance  of
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sand and fine m uck  in the Kellogg F o r e s t  sam p le s ,  made the sa l t-  

f lo ta t ion  m ethod  e sp ec ia l ly  applicable.  At s ta t ion  III, w here  the 

p re d o m in a n t  bo ttom  deposit  was pulpy pea t ,  i t  was n e c e s s a r y  to allow 

the sam p le  to stand eight  to ten m inu tes  a f t e r  each  s t i r r in g  so that  

the pulpy pea t  would se t t le  to the bottom. All im m a tu re  o rg an ism s  

w ere  p r e s e r v e d  in C a r l s  Solution fo r  fu tu re  study. The t r a n s f e r  

of the o rg a n is m s  f r o m  fo rm a l in  to sodium chloride and then into 

C a r l s  Solution did not  cause  in jury  to those s t r u c tu r e s  used  for  

taxonomic d e te rm in a t io n s .

L a b o r a t o r y Methods

Im m ed ia te ly  a f t e r  the Mason j a r  containing the adult sp ec i ­

m ens  was rem oved  f ro m  the funnel sect ion of the t rap ,  it was taken 

d i rec t ly  to the la b o ra to ry .  The l id was rem oved  f ro m  the sampling 

j a r  and a one q ua r t  cyanide ki ll ing bottle  was p laced  in the mouth 

of the j a r .  As soon as poss ib le  a f te r  the in sec ts  w ere  k i l led  they 

w ere  rem oved  f ro m  the j a r  and p laced  on a white sheet  of pap e r .

It was n e c e s s a r y  to rem ove  the in sec ts  im m edia te ly  to p rev en t  them 

f r o m  becoming t r ap p ed  in the w a te r  which often condensed  on the 

sides  of the j a r .  It was found that by classify ing  and pinning the 

spec im ens  within 24 hours  a f te r  they were  taken f ro m  the ponds
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they w ere  e a s i e r  to work  with and the c h a r a c t e r i s t i c s  used fo r  m a k ­

ing d e te rm in a t io n s  w e re  m o re  pronounced.

All adult  spec im ens  of the fam ily  Tendipedidae were  c l a s s i ­

f ied  by the au thor.  V er if ica t ions  of the de te rm ina t ions  of the fam ily  

Tendipedidae  w ere  made by Dr .  W. W. Wirth of the U. S. National 

M useum . All o ther  D ip te ra  w e re  d e te rm in ed  by Dr. Wirth. The 

adult  and im m a tu re  Epheme ropte r a  w ere  d e te rm in ed  by Dr. Lewis 

Be rne r of the U nivers i ty  of F lo r id a .  The adult T r ic h o p te ra  w ere  

d e te rm in e d  by Dr.  H e r b e r t  Ross  of the Ill inois  N atu ra l  H is to ry  S u r ­

vey. All of the im m a tu re  in s e c t s ,  with the exception of the mayfly  

nym phs,  w e re  d e te rm in ed  by the au thor .

Taxonomic keys a re  not ava ilable  fo r  many of the spec ie s  of 

the t r ibe  Tendipedini  iden tif ied  in the adult  study. N e v e r th e le s s  it 

was often poss ib le  to a s so c ia te  adult  and la rv a l  cycles  a t  a s tat ion 

and in tha t  way make spec ie s  de te rm ina t ions  of l a r v a l  spec im ens .

At the Lake City sta t ion the n u m b e r  of spec ies  p r e s e n t  was g r e a t e r  

and cyclic  v a r ia t io n s  w ere  not  as  pronounced as those co llec ted  

f ro m  the Kellogg F o r e s t  ponds. F o r  this r e a so n  the l a rv a l  c l a s s i f i ­

cat ion of the im m a tu re  m idges  f ro m  the Lake City ponds was r e ­

s t r i c te d  to tr ibe  de te rm in a tion .  A m e t r i c  rule ,  g radua ted  in 

m i l l i m e t e r s ,  was used  to m e a s u re  the length  of all im m atu re
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spec im ens  taken f r o m  the Kellogg F o r e s t  ponds. Following the n u ­

m e r i c a l  reco rd in g  of the im m a tu re  o rg a n i s m s ,  quantitat ive vo lum etr ic  

m e a s u r e m e n t s  w ere  made fo r  each  taxonomic group. A modificat ion  

of the p ro c e d u re  used by Ball  (1948) in his invest igat ion  of ava ilable  

f i sh  food was followed in making the vo lum etr ic  de te rm in a tion .  It 

was found tha t  vo lum etr ic  m e a s u r e m e n t s  of single spec im ens  of the 

s m a l l e r  i n v e r t e b r a t e s ,  as  well  as  of groups  such as  the t r ibe  

C a lo p sec t r in i ,  w e re  not a c c u ra te .  F o r  this  r eason  vo lum etr ic  

m e a s u r e m e n t s  w ere  r e s t r i c t e d  to the taxonomic groups  containing 

l a r g e r  and m o re  n u m ero u s  spec im ens .  Im m edia te ly  following the 

subdivis ion  of a sample  into var io us  taxonomic c a te g o r ie s ,  vo lum etr ic  

m e a s u r e m e n t s  w ere  m ade.  F i r s t ,  the group of o rg an ism s  to be 

m e a s u r e d  was sp re a d  out on ab so rb en t  paper  ju s t  long enough to 

allow the l iquid to d ra in  f r o m  the spec im ens .  C are  was e x e rc i s e d  

to p rev en t  the sp ec im en s  f ro m  los ing m o is tu re  by evaporat ion .  The 

o rg an ism s  w ere  then t r a n s f e r r e d  to a gradua ted  centr ifuge tube which 

had p rev io u s ly  been c a l ib ra ted  aga in s t  a bure t te  having the same 

gradua t ion  va lues .  The cen tr ifuge tube and i ts  contents  were  then 

p laced  under  a b u re t t e ,  and enough l iquid to cover  the sample  was 

al lowed to run out. The d ifference between the reading on the 

b u re t te  and the reading on the centr ifuge  tube was the volume of
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the im m a tu re  in s e c t s .  Each  taxonomic group was p r e s e r v e d  in s e p ­

a r a te  v ia ls  a f t e r  the quanti tat ive m e a s u re m e n t s  were  m ade.



PRESENTATION AND ANALYSIS OF DATA 

Nume r i c al D is t r iba t ion  of Taxonomic G ro u p s

Adult In sec ts

A total  of 626 adult  in se c t  sam ples  were  taken f ro m  the Lake 

City r e s e r v o i r  and ponds and the Kellogg F o r e s t  ponds during 1952 

and 1953. Of these  626 sa m p le s ,  514 w ere  co llec ted  during 1952 at  

the Lake City sta t ion  and the rem ain ing  112 f ro m  the Kellogg F o r e s t  

t r a c t  during 1953. Table III gives a breakdown of the n u m b er  of 

sam p le s  taken with the d if fe ren t  types of adult  s a m p le r s .  F r o m  these  

626 adult  sam p le s  th e re  w ere  10,409 in sec ts  rem oved  and c la ss i f ied .  

This  would r e p r e s e n t  an average  of 20.11 in sec ts  em erg ing  f r o m  one 

sq ua re  y a rd  during each sampling pe r io d .  Consider ing  the Lake City 

and Kellogg F o r e s t  ponds s e p a ra te ly  the ave rage  would be 22,16 and 

11.1 in se c ts  p e r  square  yard ,  r e sp ec t iv e ly .  The Lake City ponds 

and r e s e r v o i r  a r e a  p roduced  88 p e rc e n t  of the adult  in sec ts .  The 

10,409 adult  in se c ts  be longed to the following four  o rd e r s :  D ip te ra ,

E p h e m e ro p te r a ,  T r ic h o p te ra ,  and Coleop te ra  (Table II). The o r d e r  

D ip te ra ,  with a tota l  of 10,327 in s e c t s ,  made up 99.3 p e rc e n t  of the 

total n u m b e r  of in se c ts  sampled .  Specim ens belonging to ten fa m i l ie s

28
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T A B L E  II

LIST OF INSECTS REMOVED FROM THE ADULT TRAPS

O r d e r  D ip te ra

F a m i ly  Tendipedidae  

Subfamily Pe lop i inae

1. P ro c la d iu s  cu l ic i fo rm is  (Linnaeus)
z. P ro c la d iu s  be l lus  (Loew)
3. P ro c la d iu s  r ip a r iu s  (Malloch)

4. P e n ta n e u ra ,  P ro b a b ly  monil i s  (Linnaeus)
5. P e n ta n e u ra  gutt ipennis  (Van derWulp)
6. P e n ta n e u ra  group E of Johannsen  and Townes 1952
7. P e n ta n e u ra  s p .

8. P e lo p ia  s te l la ta  (Coquillett)

9. Anatopynia d ya r i  (Coquillett)

10. Clinotanypus n e rv o su s  (Meigen)

Subfamily Hydrobaeninae

1. C r ico topus  t r i f a s c ia tu s  (Panzer)
2. C r ico topus  sp.

3. Hydrobaenus (? Chaetocladius) sp.
4. Hydrobaenus s p .

5. C orynoneura  spp.

Subfamily Tendipedinae

T r ib e  C a lopsec t r in i



T A B L E  II  ( C o n t in u e d )

Subfamily Tendipedinae (continued)

T r ibe  Tendipedin i

1. P seu d o ch iro n o m u s  banksi  Townes

2. L a u te rb o rn ie l l a  var ipenn is  (Coquillett)

3. M icro tend ip es  pedellus  pedellus (DeGeer)

4. Po lyped ilum  so rdens  (Wulp)
5. Po ly ped i lu m  s im ulans  Townes
6. Po ly ped ilum  nubecu losum  (Meigen)

7. Tanytarsus, n ig r ican s  (Johannsen)
8. T a n y ta r su s  p ro tex tus  Townes
9. T a n y ta r su s  annu lic rus  Townes

10. S tenochironomus h i l a r i s  (Walker)

11. Crypto chi ronomus digi tatus (Malloch)
12. C ryp to ch ironom us  fulvus (Johannsen)
13. C ryp to ch ironom us  ps i t ta c in us  (Meigen)

14. Tendipes  m odes tu s  (Say)
15. Tendipes n e rv o su s  (Staeger)
16. Tendipes dux (Johannsen)
17. Tendipes b runne ip enn is  (Johannsen)
18. Tendipes  deco rus  (Johannsen)
19. Tendipes  tuxis (Curran)
20. Tendipes  a t r e l l a  Townes
21. Tendipes s ta e g e r i  (Lundbeck)
22. Tendipes p lum osus  (Linnaeus)
23. Tendipes  ten tans  (Fabric ius)

24. Glypto tendipes  b ra c h ia l i s  (Coquillett)
25. Glyptotendipes p a r ip e s  (Edwards)
26. Glyptotendipes lob ife rus  (Say)



T A B L E  II  ( C o n t i n u e d )

Subfamily Tendipedinae (continued)

Tribe  Tendipedini  (continued)

27. H a rn is c h ia  abor t iva  (Malloch)
28. H a rn isc h ia  tenuicaudata  (Malloch)
29. H a rn isc h ia  p seu d o ten e r  (Goethghebuer)
30. H a rn is c h ia  v ir idu lus  (Linnaeus)

F a m i ly  Heleidae

1. Jen k in sh e lea  a lb a r i a  (Coquillett)

2. Culico ides b igutta tus  (Coquillett)
3. Culicoides c r e p u s c u la r i s  Malloch
4. Culicoides spinosus  Root and Hoffman

5. F o rc ip o m y ia  b ipuncta ta  (Linnaeus)

6. D asyhe lea  g r i s e a  (Coquillett)

7. B ezz ia  g lab ra  (Coquillett)
8. B e z z ia  s p . p robab ly  opaca (Loew)

9. A trichopogon sp.

10. Johannsenom yia  n. sp .

F a m i ly  Culicidae

1. Chaoborus  punctipennis  (Say)
2. Chaoborus f lav icans  (Meigen)

F a m i ly  Tipulidae

1. P o ly m e d a  ca lo p te ra  (Say)
2. Shannonomyia len ta  (O. S.)



T A B L E  II  ( C o n t in u e d )

O r d e r  D ip te ra  (continued)

F a m i ly  L i r iop idae

1. L i r io p e  rufocinc tus (O, S.)

F a m i ly  Psychodidae

1. T e lm a toscopus  fu rca tu s  (Kinc .) 

F a m i ly  I tonididae

1. C o n ta r in ia  sp.

F a m i ly  M usidor idae

1. M us ido ra  fu r c a ta  (Fallen)

F a m i ly  Ephydr idae

1. H ydre l l ia  c r u r a l i s  Coquillett
2. H ydre l l ia  p r o c to r i  C re s s o n ?
3. H ydre l l ia  s p . n e a r  g r i s e o la  (Fallen)
4. L em naph ila  scotlandae C re sso n

F a m i ly  S tra t iom yidae

1. H edr iod iscus  v e r te b ra tu s  (Say) 

O r d e r  C o leop te ra

F a m i ly  C hrysom el idae

1, Neohaemonia  n ig r ic o rn i s  (Kby.)



T A B L E  II ( C o n t in u e d )

r d e r  E p h e m e r o p te r a  

F a m i ly  Baetidae

1 . C a ll ibae t i s  f luc tuans  (Walsh)
2. C a l l ib ae t is  hageni
3. Ca ll ib ae t i s  sp.
4. Cloeon m endax  (Walsh)
5. Cloeon s p .

F a m i ly  Caenidae

1. Caenis  s im ulans  McDunnough
2. Caenis  sp.

F a m i ly  E p h e m e r id ae

1. Hexagenia  sp.
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T A B L E  III

NUMBER OF SAMPLES TAKEN WITH THE 
ADULT SAMPLING DEVICES

Type of Sampling Device

Pond or  Station
1 sq. yd 1 j } sq. yd. x

2 sci- yd - „  t 2 sq- yd._  , Funnel  
Funnel  . _ .. Tent  

(suspended)
F unnel

Lake City Ponds
Pond 11A M .................... 40
Pond " B " ................... 77 40 40 40
Pond " C I T ................... 40
Pond " D "  ................... 77
Pond T,E M ................... 40
Pond " F "  ................... 40

Lake City R e s e r v o i r
Statio n 1 ’a*T ............... 20 20
Station tTb M ............... 20
Station TTc r T ............... 20

Kellogg F o r e s t  Ponds
Pond 1 ............................ 16
P  ond Z,  Station I 16
Pond Z , Station II . 16
Pond Z,  Station III . 16 16
Pond Z,  Station IV . 16
Pond 2, Station V . 16

T o tal . . 378 132 40 76
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of D ip te ra  w ere  identif ied f ro m  the adult  s am p le s .  Table IV gives 

the n u m e r ic a l  d is t r ibu t ion  of the va r io us  taxonomic groups identif ied.

The n u m e r ic a l  d is tr ib u tion  as well as  the va r io us  taxonomic 

groups  sam pled  a t  the Lake City ponds during 1952 co m pare  ve ry  

c lose ly  with those  p r e s e n t  in the 1953 Kellogg F o r e s t  pond sam p le s .  

The o r d e r  T r ic h o p te ra  was the only group which was not r e p re s e n te d  

in the 1952 Kellogg F o r e s t  pond sa m p le s .  In an e a r l i e r  study of the 

sam e  Lake City ponds a s im i l a r  d is tr ibu tion  of taxonomic groups 

was o b se rv e d  (Guyer,  1952).

The fam i ly  Tendipedidae was r e p re s e n te d  by 8,527 in s e c t s ,  o r  

82 p e r c e n t  of the total p roduc tion  (F igure  2). The in sec ts  belonging 

to the fam i ly  Tendipedidae w ere  d i s t r ibu ted  among the subfam ilies  

Pe lo p iinae ,  Tend ip ed in ae , and H ydrobaen in ae .

At the Lake City sta t ion  the tr ibe  C a lopsec t r in i  was the m o s t  

p roductive  group ,  contr ibu ting  40.9 p e r c e n t  of the adult in se c ts .  At 

the Kellogg F o r e s t  ponds 59 p e r c e n t  of the adults  sam pled  were  

m e m b e r s  of the t r ib e  Tendipedini,  making this the m o s t  productive  

taxonomic group.  The subfam ilies  Pelopiinae  and Hydrobaeninae 

w ere  re sp o n s ib le  fo r  10.8 p e r c e n t  of the total adult  production .

The D ip te rous  fa m i l ie s  C u l ic id ae , Heleidae,  I tonididae, Tipuli-  

dae, L i r io p id ae ,  P sych o d id ae ,  M usidor idae ,  Ephydridae,  and S tra t io -  

myidae  w ere  a lso  r e p r e s e n t e d  in the adult  sam p le s .
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T A B L E  IV

NUMERICAL DISTRIBUTION OF ADULT INSECTS
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Lake City 
Ponds

" A "  . . . .
" B n (1 yd.)
"B  "  ( 2 yd.)
" B "  ( i  yd.,

161 268 84 I 13 4 1 0 2
Z49 623 73 7 2 8 0 2 2

55 124 14 1 3 1 0 0 0

suspended) . 70 198 20 3 2 1 2 2 0
!,B M (tent). . 70 286 64 6 12 53 4 0 0
" C "  ............... 184 10 9 39 0 1 0 0 0
,TD l T ............... 1362 166 82 1572 3 0 0 2 1
T,E " ............... 268 5 62 159 0 56 15 3 12 0
11 jr i» 159 10 14 155 0 38 4 2 9 1

Re se r  voir
" a t! ............... 40 83 9 1 0 1 2 1 0
1 fa ! 1 (tent) . . 59 331 74 2 15 6 4 2 0
” b ,f ............... 13 48 8 1 2 1 1 1 0
" c TI ............... 12 41 9 1 13 1 1 1 1

Kellogg F o r e s t
Pond 1 . . . 4 0 134 0 0 7 0 0 0
P d .  2, s t .  I . 154 18 10 17 0 0 0 2 0
P d .  2, s t .  II . 206 167 37 2 0 3 0 3 0
P d .  2, st .  HI 
P d .  2, s t .  Ill

21 2 0 3 2 1 0 2 0

( t e n t ) ............... 94 1 12 21 1 0 0 5 0
P d .  2, s t .  IV 82 10 9 0 7 3 0 10 5
Pd.  2, s t .  V . 171 7 3 1 0 2 0 2 4

T o t a l .......................
i

3434 3959 965 1678 1 69 112 20 56 16
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The th ree  f a m i l ie s  of Epheme ro p te ra  identif ied  f ro m  the s a m ­

p le s  w e re  B ae t idae ,  Caenidae,  and E p h em er id ae .  Only twenty T r ichop-  

t e r a  sp ec im en s  w ere  co llec ted .  A single spec im en  of the o r d e r  

C o leop te ra  was taken  f ro m  the t r a p s  and this  belonged to the fam ily  

C h r y s o m e l id a e . In the following sect ion the taxonomic groups  m e n ­

tioned above will be subdivided and the im p o r tan t  spec ie s  d i s c u s se d  

ecologica l ly  and in r e s p e c t  to n u m b e rs .  Although some of the groups 

w e re  r e p r e s e n t e d  by only a sm al l  num ber  of spec im ens  and in some 

c a s e s  single i n s e c t s ,  all  of the groups r e p re s e n te d  will be p re se n te d .  

Many of the spec ies  taken have not been  r e p o r te d  f ro m  adult t rapping  

devices of the type used in this study. The fac t  that they will s u c ­

cess fu l ly  e m e rg e  and develop in such a si tua t ion  ap p ea rs  to be suffi­

c ient  r e a s o n  to include all in sec ts  in this d iscuss ion .

T r ib e  Tendipedini. The tr ibe  Tendipedini,  accord ing  to Townes 

(1945), includes 20 1 d e sc r ib e d  spec ie s  of midges  f ro m  the N earac t ic  

reg ion .  N um erous  p a p e r s  have been devoted to the taxonomic and 

ecological  d i sc u ss io n  of the adults  of this group. It is the l a rv ae  of 

the t r ibe  Tendipedini  that  have rece ived  extensive cons id era t io n  by 

r e s e a r c h  w o rk e r s  fo r  the p a r t  they play in the food chain of var ious  

f i sh  as well as  th e i r  connection with in dus t r ia l  polution.
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In th is  inves t iga t ion  3,434 adult  m idges of the t r ibe  Tendipedini  

w ere  co l lec ted .  This  r e p re s e n te d  33.0 p e rc e n t  of all in sec ts  sam pled .  

The Lake City ponds p roduced  78.1 p e rc e n t  of the midges taken.  The 

fou r  s ta t ions  in the Lake City r e s e r v o i r  p roduced  only 124 in se c ts  b e ­

longing to the t r ib e  Tendipedini ,  which was only 3 p e rc e n t  of the total 

p roduc tion  of the t r ib e .  The Kellogg F o r e s t  ponds p rovided  the r e ­

maining 19.0 p e r c e n t  of the Tendipedini production.

T here  w ere  th i r ty  spec ies  belonging to ten gen e ra  of T end i­

pedini  r e p r e s e n t e d  in the adult  sam ple s  (Table V). Ten of these  

th i r ty  sp ec ie s  w ere  m e m b e r s  of the genus Tendipes which were  r e ­

sponsible fo r  68.1 p e r c e n t  of the total Tendipedini  production .  There  

w ere  60 6 spec im ens  of Tendipe s brunneipennis  identif ied, which were  

17.6 p e r c e n t  of the 3,434 Tendipedini rem oved  f ro m  the t r a p s .  This 

ind ica ted  that  T. b runne ipenn is  was the m o s t  productive  spec ies  of 

the t r ib e  Tendipedini .  All of the T. b runneipennis  spec im ens  were  

taken f ro m  the Lake  City ponds and r e s e r v o i r .  The following ten 

sp ec ie s ,  L a ute rb o rn ie l l a  v a r ip e n n i s , Polypedilum n u b ecu lo su m , 

T a n y ta r s u s p r o t e x t u s , Tanyt a r s us anul i c r u s, Stenochironom us h i l a r i s ,  

C ry p to ch i ro n omus p s i t ta c in u s ,  Glyptotendipes b r a c h ia l i s ,  H arn isch ia  

abo r t iva ,  H a r n i sch ia  tenu icaudata, H arn isch ia  p se u d o te n e r , of the t r ib e  

Tendipedini  con tr ibu ted  l e s s  than five spec im ens  each and w ere
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T A B L E  V

DISTRIBUTION OF THE SPECIES OF THE TRIBE TENDIPEDINI

No. of P e t .  of
Species

r  I n s e c t s  Total

P se u d o c h i ro n o m u s  b anks i  T o w n e s ...............................  67 1.9
Laute rbo rn ie l la  va r ip en n is  (Coquillett) ...................  3 *
M ic ro tend ipes  pede llus  pede llu s  (DeGeer) . . . .  267 7.8
P o ly ped i lum  so rd en s  (Walp)   11 0.3
P o lyped i lum  s im u lans  T o w n e s ......................................  82 2.4
P o lyped i lu m  nubecu lo sum  (Meigen) ........................... 1
T a n y ta r su s  n ig r ic a n s  (Johannsen)   112 3.4
T a n y ta r su s  p ro tex tu s  Townes ..........................................  1
T a n y ta r su s  annu l ic rus  Townes ....................................... 1
S tenochironom us h i l a r i s  (Walker) ................................... 3
C ryp toch i ronom us  dig i ta tus (Malloch)   40 1.2
C ryp to ch ironom us  fulvus (Johannsen)   55 1.6
C ryp toch i ronom us  p s i t t a c in u s  (Meigen) ...................  1
Tendipes m odes tus  (Say)   25 0.7
Tendipes n e rv o su s  (Staeger)   249 7.3
Tendipes dux (Johannsen)   131 3.8
Tendipes b runne ipenn is  (Johannsen)   606 17.6
Tendipes  d eco ru s  (Johannsen)   227 6.6
Tendipes tuxis (Curran)    394 11.5
Tendipes a t r e l l a  Townes   235 6.8
Tendipes s t a e g e r i  ( L u n d b e c k )   410 11.9
Tendipes p lum osus  (Linnaeus)  ..........................................  63 1.8
Tendipes  ten tans  (Fabr ic iu s)     5 0.1
Glyptotendipe s b r a c h ia l i s  (Coquillett) .......................  2
Glyptotendipe s p a r ip e s  (Edwards)  ................................... 339 9.9
Glypto tendipes  lo b i fe ru s  (Say) ........................................... 23 0.7
H a rn i s c h ia  ab o r t iv a  (Malloch) ........................................... 2
H a rn i sc h ia  tenu icauda ta  ( M a l l o c h ) ................................... 1
H a rn i s c h ia  p s e u d o te n e r  (Goethghebuer) .................... 1
H a rn i s c h ia  v i r idu lu s  (Linnaeus)  .......................  77 2.2

*  Species  with five o r  l e s s  s p e c im e n s  c o n t r ib u te d  l e s s  than 
0.5 p e r c e n t  of the total  Tendipedin i  p ro d u c t io n .
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T A B L E  V (C o n t in u e d )

Ponds  or  Stations P r e s e n t  

Lake City Ponds  Lake City R e s e rv o i r  Kellogg F o r e s t  Ponds

A, E, F
A , B a
B, C, D, E, F  a, b t c
B , E a , c
C, D, F ,  II, III 
F
B , D , E , F  a
A

II
a

B, C, D 
B , C , D 
B
B, E,  F  a I, II
A , B , D , E , F  a,  b, c II

I, II, III, IV, V
A, B, C, D, E ,  F  a
B, C, D c I, II, HI, IV
B, D, E, b, c I, II, III
B b I, II, III, IV, V
B, C, D a, b Pond  1
B a

IV, V
D
B, D b, c I, II, III, IV, V
B, D, F  a
D 
E 
B
B, C, D, E ,  F  a, b,  c Pond  1
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re sp o n s ib le  co l lec t iv e ly  fo r  0.5 p e rc e n t  of the total Tendipedini  p r o ­

duction.

The Lake  City ponds w ere  r e p re s e n te d  by tw en ty -seven  spec ies  

of Tendipedini .  The th re e  spec ies  not taken f ro m  the Lake City ponds 

w ere  T. an ul i c r u s , S . hi l a r  i s , and Tendipes t e n t a n s . There  were  s ix ­

teen  sp ec ie s  of Tendipedini  identif ied f ro m  the r e s e r v o i r  a r e a .  The 

7 32 Tendipedini  spec im ens  f ro m  the Kellogg F o r e s t  ponds w ere  m e m ­

b e r s  of th i r te en  sp ec ie s .  It was in te re s t ing  to note that Kellogg 

F o r e s t  pond ,T1I! was r e p re s e n te d  by only two spec ies  of the tr ibe  

Tendipedini  and by a to tal  of fou r  spec im ens .

F ig u re  3 shows the n u m e r ic a l  d is tr ibu tion  of the Tendipedini 

spec im ens  in the va r ious  ponds and s ta t ions.  The num ber  of Tend i­

pedini  r e p r e s e n te d  on the g raph  fo r  ponds T fB 1T and ,ID ,f a re  b a se d  

on the sam e  n u m b e r  of sam ples  as the o ther  Lake City ponds.  The 

shallow, f e r t i l i z e d  pond TfD M produced  52.8 p e rc e n t  of the Tendipedini  

spec im ens  taken f ro m  the Lake City ponds. An e a r l i e r  s tudy by 

G uyer  (1952) of these  ponds indicated  that fe r t i l iza t ion  of the shallow 

ponds g re a t ly  in c r e a s e d  the Tendipedini production.  Station ITa Tt in 

the Lake City r e s e r v o i r  was fou r  t im es  as productive  of Tendipedini 

adults  as s ta t ions T,b tT and Mc . M In Kellogg F o r e s t  pond , , 2 It the 

g r e a t e s t  p roduction  of Tendipedini adults  o c c u r re d  at  the shallow
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s ta t ions .  F r o m  these  da ta i t  a p p e a rs  that  in the Lake  City r e s e r v o i r  

and Kellogg F o r e s t  pond T,2,f ecological  conditions such as bottom 

com posit ion ,  vegeta t ion ,  and locat ion  a r e  m o re  im p o r tan t  in the r e g u ­

la t ion of the Tendipedini  production  than the depth of the w a te r .

T r ibe  C a lo p s e c t r i n i . The tr ibe  C a lo psec t r in i  was the m o s t  

p roductive  of all  adult  in se c t  g roups .  There  w ere  3,959 adult  in sec ts  

identif ied  belonging to the t r ibe  C a lopsec t r in i ,  which was 38.1 p e rc e n t  

of the total adult  production .  The Lake City ponds and r e s e r v o i r  

p ro duced  94.8 p e r c e n t  of the C a lopsec tr in i .  The tr ibe  C a lo psec t r in i  

was not  subdivided into f u r th e r  taxonomic div isions.  The reason  fo r  

identifying these  in sec ts  to t r ibe  only was that  the taxonomic t r e a t ­

m e n t  of the adult  C a lo p sec t r in i  is not complete .  Edwards  (19^9) made 

a p r e l im in a r y  c la s s i f ic a t io n  of the group and Johannsen and Townes 

(1952) p ro p o sed  a key to the n o r th e a s te rn  spec ies .  An a t t em p t  was 

m ade  to identify the C a lopsec t r in i  in this study using the above r e f ­

e r e n c e s .  Many of the spec ie s  co llec ted  did not  f i t  the keys and taxo ­

nomic d iscu ss io n s  given fo r  the group.  Also,  spec im ens  sent  to the 

United States National  M useum w ere  r e tu rn e d  identif ied to tr ibe  only.

The C a lo p sec t r in i  w ere  r e p r e s e n te d  in all of the ponds and 

collec t ing  a r e a s .  F ig u re  4 shows the n u m e r ic a l  d is tr ibu tion  of the 

t r ib e  C a lo p sec t r in i  at the va r ious  sampling sta t ions .  It was appa ren t
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f ro m  the data  taken f r o m  the fe r t i l i z a t io n  work a t  the Lake City ponds 

that  the t r ib e  C a lo p sec t r in i  did not re spond  d i rec t ly  to f e r t i l i ty  as  did 

the t r ib e  Tendipedini .  The C a lopsec t r in i  production  ap p ea red  to be 

regu la ted  to a c e r t a in  degree  by the depth of w a te r .  It was the deep e r  

ponds and those  sta t ions that  w ere  in the deeper  a r e a s  of the r e s e r ­

vo ir  tha t  w ere  the g r e a t e s t  p ro d u c e r s  of the C alo psec tr in i .

The m o s t  in te re s t in g  phenomenon connected with the tr ibe  

C a lo p sec t r in i  was the signif icant  p redom inance  of fem ale  spec im ens .

Of the 3,959 in sec ts  taken f ro m  adult  t r a p s ,  2,962, o r  74.8 p e rc en t ,  

w ere  f em a le  sp ec im en s .  This sam e  predom inance  of f e m a le s  was 

obse rved  during the fe r t i l i z a t io n  studies conducted a t  the Lake City 

ponds dur ing 1951. During the fe r t i l iza t ion  study 80 p e rc e n t  of the 

C a lo p se c t r in i  w ere  f e m a le s .  The C a lo p sec t r in i  spec im ens  co llec ted  

im m ed ia te ly  following the d isappea rance  of the ice cover  in the spring 

had the same p redom inance  of fem ale  in se c t s .  The uneven ra t io of 

f e m a le s  to m a le s  continued until Sep tem ber .  There  w ere  141 Calop­

s e c t r in i  spec im ens  co l lec ted  a f te r  Sep tem ber  1 during the tw o -y e a r  

study. Of these  141 in s e c t s ,  7 1 w ere  fe m a le s  and 70 w ere  m a le s .  

Although the fa l l  production  of the tr ibe  C a lopsec tr in i  was not l a r g e ,  

th e re  was an ind icat ion of a 50:50 sex ra t io .  Only fu r th e r  r e s e a r c h  

p e rh a p s  will d e te rm in e  whether  this  is the re su l t  of a par thenogenetic
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s u m m e r  g en e ra t io n  o r  some o ther  phenomenon,  Hauber (1944), in 

his p a p e r  on the life  h i s to r i e s  of this  group and. ecology of Iowa

m id g es ,  m ade  no m ention  of this uneven sex ra t io .  When this  group

is b e t t e r  unde rs to od  taxonom ically  pe rhaps  the reason  for  this  uneven 

sex  ra t io  will be appa ren t .  A s ta t i s t ic a l  p re sen ta t io n  of this uneven

sex ra t io  will be c o n s id e re d  in a following sect ion.

Subfamily P elop i inae. The 965 in sec ts  belonging to the sub­

fam ily  P e lop i inae  r e p r e s e n te d  9.3 p e r c e n t  of the total adult  in sec t  

em e rg en c e .  There  w ere  ten spec ies  r e p re s e n te d  in the production  

of the subfamily  P e lo p i in ae .  The following four  spec ie s ,  P r o c lad ius 

culicifo r m i s , P ro c la d iu s  Jpe l l u s , P en tan e u ra m onilis , and Pe lop ia  s te l l a t a , 

w ere  re spons ib le  fo r  97.6 p e rc e n t  of the total  Pe lop iinae  production .

Table VI gives the pe rcen tage  d ist r ibu tion  of the spec ies  of 

Pe lo p iinae  as well as the ponds f ro m  which the spec ies were  r e p r e ­

sented.  All of the spec ie s  with the exception of Anatopynia dy a r i  were  

sam pled  at  l e a s t  once f ro m  the Lake City ponds. The Lake City r e s ­

e r v o i r  and Kellogg F o r e s t  ponds both contr ibu ted  five spec ie s  of 

P e lop i inae .  P^ be 11 us was the m o s t  widely d is t r ib u ted  spec ies  of the 

tr ibe  Pe lop i inae .  This  spec ies  was identified f ro m  all of the ponds 

as well as f ro m  all s ta t ions with the exception of s tation IV in Kellogg 

F o r e s t  pond f ,Z.T( Of the 145 in sec ts  rem oved  f ro m  the adult t rap
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T A B L E  VI

DISTRIBUTION OF THE SUBFAMILY P E L O PIIN A E

Specie s
No. of P e t .  of
Ins ec ts T otal

P r o c la d iu s  c u l ic i fo rm is  ( L i n n a e u s ) .................... 306 31.7

P r o c l a d iu s  be l lus  ( L o e w ) .............................................. 216 23.8

P r o c la d iu s  r i p a r iu s  (Malloch) ............................... 2 0.2

P e n ta n e u r a  m oni l i s  (Linnaeus) ............................... 282 31.1

P e n ta n e u r a  gu tt ipennis  (Van derWulp) . . . . 3 0. 3

P e n ta n e u r a  group E of Jo hannsen  and
Townes 1952 ..................................................................... . . . 7 0.8

P e n ta n e u r a  s p ............................................................................. 4 0.3

P e lo p ia  s te l la ta  (Coquillett) ...................................... . . , 137 15.1

Anatopynia dyar i  (Coquillett) ................................... . . . 7 0.8

Clinotanypus n e rv o s u s  (Meigen) ........................... 1



49

Lake City Ponds

A , B , C, D, E , F 

A, B, C, D, E ,  F  

F

A , B , E , F 

E, F

F

A, E

B, C, D

T A B L E  VI (C o n t in u e d )

Ponds or  Stations P r e s e n t

Lake City R e s e rv o i r  Kellogg F o r e s t  Ponds

a, b, c Pond 1

a, b, c Pond  1, I, II, III, IV

a , b

a, b II, IV, V

a, b, c

III, IV

B
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in Kellogg F o r e s t  pond ir l , M 92.4 p e rc e n t  w ere  m e m b e r s  of the sub­

fam ily  P e lo p i in ae .

T here  w ere  th ree  spec ies  identif ied f ro m  the co llec t ions made 

f ro m  Kellogg F o r e s t  pond rrl ,T but  76.1 p e rc e n t  of the Pe lopiinae  

w ere  P .  s t e l la ta  spec im en s .  If an a t t em p t  were  made to c la s s i fy  

the ponds as  to the type of fauna p re s e n t ,  Kellogg F o r e s t  pond n l TT 

would be co n s id e red  a Pe lop i inae  type pond.

Subfamily H y drobaen inae . The subfamily H ydrobaen inae , which 

was the th i rd  subfamily  of the fam ily  Tendipedidae r e p re s e n te d  in the 

adult  s a m p le s  con tr ibu ted  169 adult  in se c ts .  The in sec ts  identified 

as m e m b e r s  of the subfamily Hydrobaeninae r e p re s e n te d  1.6 p e r c e n t  

of the total adult  production .  The Lake City ponds contr ibu ted  7 6 

p e r c e n t  of the spec im ens  belonging to the subfamily Hydrobaeninae .

There  w ere  th ree  g en e ra  identif ied belonging to the subfamily  

Hydrobaeninae .  F r o m  these  th ree  gene ra  i t was poss ib le  to identify 

only one sp ec ie s ,  C r ic o topus t r i f a s c i a t u s . O ne- th i rd  of the H ydro­

baeninae sp ec im en s  w e re  taken f ro m  Lake City pond ME . "  Of the 

Hydrobaeninae  spec im ens  rem oved  f ro m  the pond *’E Tt adult  t r a p ,  9 8 

p e rc e n t  w ere  a single unidentif ied spec ie s  of the genus Hydrobaenu s . 

This unidentif ied  sp ec ie s ,  which was so p redom inan t  in pond ME , TT 

was the m o s t  nu m ero u s  spec ie s  of the subfamily Hydrobaeninae .
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C. t r i f a s c i a tu s was taken f ro m  Lake City ponds T,B ' T and ftE n as 

well as s ta t ion  IV in Kellogg F o r e s t  pond ' ’Z.11, It is in te re s t in g  to 

note that  the l a rv a e  of this  in se c t  have been re p o r te d  by Johannsen  

(1937) and Willem (1910) as mining in the floating leaves  of the pond 

l ily.  Thienemann (1933) and B erg  (1950) a s s o c ia te d  the l a rv a e  of 

this spec ie s  with P o tam oge to n  na tans ,  P^_ampJ:hbli_ns^ and P n o d o s u s . 

None of the h igher  aquatic  p lan ts  a s so c ia te d  with this  in sec t  by o the r

in v e s t ig a to rs  w ere  p r e s e n t  at the sampling  a r e a s  where  C  t r i f a s c i a tu s

was taken in this study. The only vegetat ion that  might  be a s s o c ia te d  

with C. t r i f a s c ia tu s  in this  study was the C hara  s p . and Spi ro g y ra  s p . 

p r e s e n t  in pond ’’E 11 and the dense  sod m a t  at  station IV. M il le r  

(1941) r e p o r te d  C. t r i f a s c ia tu s  adults  em erg ing  into adult  tent  t r a p s  

se t  over deep as well  as shallow w a te r .  It ap p e a rs  that  the biology 

of C. t r i fa sc ia tu s  is exceedingly var iab le  and the in se c t  m ay have 

adapted i t se lf  to var ious  ecological  s i tuat ions .

The shallow ponds ,TC ' 1 and 1TD 11 produced  only th ree  Hydro­

baeninae sp ec im en s .  The spec im ens  of the subfamily Hydrobaeninae 

app ea red  to p r e f e r  the deep e r  ponds as well as those that  contained 

some type of h igher  aquatic  vegetation.  Where a dense phytoplankton 

growth was p r e s e n t  the subfamily  Hydrobaeninae was poorly  r e p r e ­

sented .
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F a m i l y Cul i c i d ae .  The fam ily  Culicidae  was r e s t r i c t e d  to a 

s ingle genus and two spec ie s  which w ere  m e m b e r s  of the subfamily 

C haoborinae .  A total of 1,678 Culicidae spec im ens  were  cap tu red  in 

the adult  t r a p s .  The Culicidae production  r e p re s e n te d  16.1 p e rc e n t  

of the total adults  rem oved  f ro m  the t r a p s .  The Lake City ponds 

p roduced  97 p e r c e n t  of the culicid  adults  and Lake City pond T,D tT 

p rov id ed  9 3 p e r c e n t  of the cu licids.

The two spec ie s  of culic ids  identif ied  were  C haoborus p unc ti - 

pennis  and Chaob orus  f l a v ic a n s . There  w ere  1,5 60 C. p unc tip ennis 

spec im ens  identif ied ,  which was 93 p e rc e n t  of the in sec ts  identif ied  

belonging to the fam ily  Culicidae .  Of the 118 CA flav leans  spec im ens  

identif ied ,  64 p e r c e n t  w ere  taken f ro m  Lake City pond ,TD . tf A 

single spec im en  was identif ied f ro m  Lake City pond tTB . n The r e ­

m ain ing 42 C. f l a vicans adults  w ere  taken f ro m  the t r a p s  in Kellogg 

F o r e s t  pond , , 2 .TI Lake City pond trD , rt producing 1,497 C. punc ti-  

penni^  sp ec im en s ,  was a lso the m o s t  productive stat ion  fo r  this  spec ie s .

It was in te re s t in g  to note that  in the Lake City ponds the culicid  

p roduction  was com posed  of 96 p e rc e n t  C. punctipen n is spec im ens ,  

while at  the Kellogg F o r e s t  ponds ,  C. f lav icans contr ibu ted  9 3 p e rc e n t  

of culic id  sp ec im en s .  The shallow ponds were  much m ore  productive  

of culic id  spec im ens  than the deeper  ponds. C. punctipennis  ap p e a re d



53

to p r e f e r  an env ironm en t  with high f e r t i l i ty  and c o n cen t ra ted  plankton 

production .

F a m i ly  H e le id a e . There  w ere  seven g en e ra  r e p re s e n te d  by 

the 112 adult  spec im ens  belonging to the fam ily  Hele idae.  The fam i ly  

Heleidae con tr ibu ted  1.1 p e r c e n t  of the total adult  sp ec im en s .  Ten 

spec ie s  w ere  identif ied f ro m  the fam ily  Heleidae,  one of which was a 

new sp ec ie s .  The Lake City ponds p roduced  86 p e rc e n t  of the adult  

hele id  sp e c im e n s ,  with the ten t  t rap  in pond T,B ,f contr ibuting  46 p e r ­

cent  .

Table VII gives the n u m b er  of spec im ens  contr ibuted  by each 

spec ies  and the ponds where  each species  was collected .  A single 

spec ie s ,  J e n k in sh e lea  a l b a r i a , p roduced  72 p e rc en t  of all he le id  s p e c i ­

m ens  cap tu red .  The ecological  r e q u i re m en ts  of the fam ily  Heleidae 

could not be a s c e r ta in e d .  It was appa ren t  that  the d eepe r  ponds w ere  

p r e f e r r e d  over  the shallow ones and that  fe r t i l i z a t io n  and plankton 

production  had l i t t le  effect  on hele id  abundance.

O r d e r  E phem e r o p t e r a . There  were  f i f ty -s ix  mayfly spec im ens  

cap tu red  in the adult  t r a p s ,  which r e p re s e n te d  only 0.5 p e rc e n t  of the 

total adult  production .  F o u r  g ene ra  of mayfl ies  w ere  identif ied b e ­

longing to the fam i l ie s  B aetidae ,  Caenidae,  and E phem er idae .  It was
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T A B L E  VII

DISTRIBUTION OF THE SPECIES OF THE FAMILY HELEIDAE

No. of P e t .  of 
In se c t s  Total

J e n k in s h e le a  a lb a r i a  ( C o q u i l l e t t ) ....................................... 81 72.0

Culicoides  b igu t ta tu s  (Coquillett)   1 0.8

Culico ides c r e p u s c u l a r i s  (Malloch)   1 0.8

Culicoides  sp in osus  Root and H o f f m a n ...................  2 2.0

F o rc ip o m y ia  b ipunc ta ta  (Linnaeus)    1 0.8

A tr ichopogon s p . ................................................................................. 1 0.8

D asyhe lea  g r i s e a  (Coquillett) ..............................................  4 3.7

Joh an n sen o m y ia  n. s p ..................................................................... 6 5.5

B e z z ia  g la b ra  (Coquillett) ...................................................... 8 7.3

B e z z ia  s p . p robab ly  opaca (Loew) ............................... 7 6.3

Specie s
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Lake City Ponds

A, B, E, F 

C

B

A, E ,  F

T A B L E  VII ( C o n t in u e d )

Ponds  o r  Stations P r e s e n t

Lake City R e s e r v o i r  Kellogg F o r e s t  Ponds

a

III

IV 

IV 

IV

F II
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p oss ib le  to identify fou r  spec ies  of m ayfl ies  f ro m  the adult  col lect ion .  

There  w ere  seven teen  adult  spec im ens  which w ere  subimagos and these  

in se c ts  could be c la s s i f ie d  to genus only.

Table VIII gives the n u m e r ic a l  and percen tage  d is tr ibu t ion  as 

well as  the ponds r e p r e s e n te d  by the var ious spec ie s .  The only s p e ­

c ies  of mayfly  identif ied  f ro m  the Kellogg F o r e s t  ponds was Call ibae t is 

f luc tu a n s . There  w ere  a lso  twelve subimago spec im ens  taken f ro m  

Kellogg F o r e s t  pond n 2 M which w ere  m e m b e r s  of the genus Call ib a e t i s .

At the Lake City ponds th ree  species  of mayfl ies  were  id en t i ­

f ied. Subimago spec im ens  w ere  a lso plentiful  at  the Lake City ponds,  

w here  fou r  g e n e ra  w ere  re p re se n te d .  Lake City ponds ’’E "  and t,F ,t 

w ere  the b e s t  p ro d u c e r s  of mayfly spec im ens .  The ecological  condi­

tions p r e s e n t  in the ponds which w ere  the m o s t  productive  of mayfly 

spec im ens  co m p ared  c lo se ly  with those  d e sc r ib e d  by Burk  (1953) and 

N eedham  (1935) fo r  the spec ie s  identified in this study. They a s s o ­

c ia ted  these  spec ie s  with p e rm a n e n t  ponds which were  productive  but 

not f i l led  with vegetat ion.  There  w ere  no m ayfl ie s  col lec ted  f ro m  

the shallow ponds TtCIT and " D . 11 It ap pea red  that  the conditions in 

these  ponds w ere  co m parab le  with those d e sc r ib e d  as ideal f o r  the 

growth of C aen is s im ulans but  this  spec ies  was not taken f ro m  these  

p o n d s .
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T A B L E  VIII

DISTRIBUTION OF THE SPECIES OF 
THE ORDER E P H E M E R O P  TER A

_ . No. of P e t .  of
Spec ies  _ m

I n s e c t s  Total

C a ll ibae t i s  f luc tuans  (Walsh) ..............................................  5 8.9

C a l l ib ae t i s  h a g e n i ............................................................................. 5 8.9

C a l l ib ae t i s  s p .......................................................................................... 18 32.2

Cloeon m endax  ( W a l s h ) .................................................................  3 5.4

Cloeon s p .....................................................................................................  10 17.9

Caen is  s im u lans  M c D u n n o u g h ..........................................  10 17.9

Caen is  s p ....................................................................................................  4 7.1

Hexagenia  s p ............................................................................................ 1 1.7
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T A B L E  VIII ( C o n t in u e d )

Ponds  or  Stations P r e s e n t  

Lake City Ponds Lake City R e s e r v o i r  Kellogg F o r e s t  Ponds

II, IV

D a, b, c

a II, III, IV, V

F

B, F  

E, F 

E,  F 

E
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M isce  11 aneous in s e cts . There  w ere  six teen  m is ce l lan eo u s  in ­

sec ts  which w ere  cap tu red  by the adult  t r a p s .  Seven fam i l ie s  of 

D ip te ra  and one fam i ly  of Coleop te ra  were  r e p re s e n te d  by these  

in se c t s .  One note of caution should be in jec ted  h e re .  It is p o ss ib le  

that  s ince only a sm a l l  n u m b e r  of d ive rs i f ied  spec im ens  w ere  c o l ­

lec ted ,  some m ay  have e n te red  the trap  when it was being se t  in 

the pond. E v e ry  p recau t io n  was taken to p rev en t  th is ,  and i t  was 

thought tha t  the spec im ens  w ere  r e p re sen ta t iv e  of the pond indica ted.

Table IX gives the nu m b er  of m isce l laneous  in sec ts  co llec ted  

and the ponds and s ta t ions  f ro m  which each spec ie s  was taken. The 

Kellogg F o r e s t  pond sta t ions IV and V w ere  respons ib le  fo r  nine of 

the six teen  m isce l lan eo u s  in se c ts .  The shallow w a te r  and decaying 

sod m at,  which ex is ted  at these  two sta t ions ,  ap pea red  to provide  

the conditions n e c e s s a r y  fo r  the growth of c e r ta in  m e m b e r s  of the 

fa m i l ie s  P sychod idae ,  S t r a t io m y id a e , M usidor idae ,  and Ephydridae .

Doctor Willis  W ir th  r e p o r te d  that  two of the spec ies  of the 

family  E phydr idae ,  H ydre l l ia  p r oc to r i  and L em n aphila sco tlandae, a re  

ve ry  r a r e .  The rem ain ing  seven m isce l laneous  in sec ts  were  d i s t r i b ­

uted among five ponds with only one spec im en  of each  spec ie s  being 

identif ied  f ro m  any one pond. It ap pea red  that these  in sec ts  w ere  

e x t r e m e ly  r a r e  v i s i to r s  in the ponds r e p re s e n te d  by them.
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T A B L E  IX

DISTRIBUTION OF THE MISCELLANEOUS INSECTS

No. of P e t .  of 
Species „  . .In s e c t s  Total

Tipu.lid.ae
P o ly m e d a  c a lo p te ra  (Say)  ...................  1 6,2
Shannonomyia le n ta  (O . S.)   1 6.2

L ir io p id ae
L ir io p e  ru foc inc tus  (O. S.)   1 6.2

Psychod idae
T e lm a toscopus  fu rc a tu s  (Kinc.)   2 12.5

Itonididae
C on ta r in ia  s p   1 6.2

Musido r idae
M us id ora  f u r c a ta    3 12.5

E phydr idae
H ydre l l ia  c r u r a l i s  C o q u i l l e t t   I 6.2
H y d re l l ia  p r o c t o r i  C r e s s o n ?    1 6.2
H ydre l l ia  sp. n e a r  g r i s e o l a  (Fallen) . . . . . .  1 6.2
L em n ap h i la  sco t landae  C r e s s o n  ........................... 2 12.5

S tra t iom yidae
H ed r io d iscu s  v e r t e b r a tu s  ( S a y ) ..........................   1 6.2

C h ry so m e l id a e
N eohaem onia  n ig r i c o r n i s  (Kby.) ............................... 1 6.2
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Ponds o r  Stations P r e s e n t  

Lake City Ponds Lake City R e s e r v o i r  Kellogg F o r e s t  Ponds

D
F

A

IV

B V

B

IV
IV
IV
V

A
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Im m a tu re  Insec ts

An E km an  dredge bottom s a m p le r  was used to take 338 b o t ­

tom deposit  s am p les  f ro m  the Lake City ponds and r e s e r v o i r  and the 

Kellogg F o r e s t  ponds during 1952 and 1953. During 1952 the re  w ere  

161 bottom deposi t  sam p les  taken f ro m  the Lake City ponds and 57 

sam ples  f r o m  the r e s e r v o i r .  The rem ain ing  120 bottom sam ples  

were  taken  f r o m  the two Kellogg F o r e s t  ponds during 1953.

In o r d e r  tha t  the bo ttom  deposit  sam ples  f ro m  the Lake City 

ponds would be random ized  as m uch  as poss ib le  each pond was d i ­

vided into q u ad ran ts .  Samples  w ere  taken f ro m  the quadrants  a c c o r d ­

ing to a random ized  schedule decided on p rev ious  to the beginning of 

the study. This p ro c e d u re  of taking the bottom deposit  sample f ro m  

random ized  quadran ts  was the same method that  was followed in s a m ­

pling the adult  in se c ts  f r o m  the Lake City ponds. In the Lake City 

r e s e r v o i r  and the Kellogg F o r e s t  ponds definite s tat ions  w ere  e s t a b ­

l i shed  and both the adult  and im m a tu re  sam ples  were  taken at the 

des ignated  s ta t ions .  There  were  no bottom deposit  sam ples  taken at  

s ta t ions IV and V in Kellogg F o r e s t  pond TI2Tr because  of the dense 

sod m at.

E ach  t im e  bottom deposit  sam ples  were  taken f ro m  the Kellogg 

F o r e s t  ponds,  two sam ples  w ere  taken at each stat ion.  The reason
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fo r  taking two sam p le s  at each  sta t ion  was to study the d is t r ibu t ion  

of the o rg a n is m s  over  the bo ttom of the ponds.  These  data will be 

d i s c u s s e d  in a following sect ion.

The 338 Ekm an  sam p le s  p roduced  14,343 im m a tu re  in se c ts  

which w ere  m o re  than 5 m i l l im e te r s  in length  (Table X). This r e p ­

r e s e n te d  a production  of fo r ty - tw o  o rg a n ism s  p e r  o n e - fo u r th  square  

foot sam ple .  The Kellogg F o r e s t  ponds w ere  the m o s t  p roductive  

sampling a r e a s  fo r  im m a tu re  in s e c t s .  There  were  9,350 im m a tu r e  

in sec ts  rem o v ed  f r o m  the two Kellogg F o r e s t  ponds,  which r e p r e s e n t e d  

66 p e r c e n t  of the total im m a tu re  p roduction .

The Lake City ponds con tr ibu ted  4,0 88 im m a tu re  in s e c t s ,  o r  

28 p e r c e n t  of the total production .  The additional  905 im m a tu r e  

in sec ts  w ere  rem oved  f r o m  the. Lake City r e s e r v o i r  bottom deposits .

T here  w ere  five o r d e r s  of in se c ts  r e p r e s e n te d  in the bottom 

deposit  s am p le s .  These  five o r d e r s  w ere  D ip te ra ,  E p h e m e r o p te r a ,  

Odonata, C o leop te ra ,  and H em ip te ra .  The o r d e r s  C o leop te ra  and 

H em ip te ra  were  r e p r e s e n t e d  by so few spec im ens  tha t  they will not 

be d i s c u s s e d  n u m e r ic a l ly .  The following four  fa m i l i e s  of C o leop te ra  

w ere  identif ied f r o m  the bottom deposit  sam ples:  D ytisc idae ,  G yr i -

nidae,  Halip l idae ,  and E lm id ae .  The only p lace  w here  any of the 

m e m b e r s  of the fam i l ie s  of the o r d e r  C o leop te ra  b ecam e  n u m e ro u s
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T A B L E  X

NUMERICAL DISTRIBUTION OF THE IMMATURE INSECTS*
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Lake City Ponds
A ................................................. 144 28 4 13 15 9 0
B ................................................. 149 49 8 25 3 2 0
C ................................................. 590 0 17 4 0 5 0
D ................................................. 1146 4 1124 9 13 4 0
E ................................................. 67 81 0 7 193 47 5
F ................................................. 36 58 2 27 145 54 1

Lake City R e s e r v o i r
a ................................................. 62 24 4 53 11 2 0
b ................................................. 40 3 25 0 12 4 4 2
c ................................................. 210 42 0 1 34 9 3

Kellogg F o r e s t  Ponds
Pond  1 .................................. 100 169 0 93 0 0 0
Pond  2, st.  I . . . . . . 2585 97 6 8 53 13 6
Pond  2, st.  I I ................... 3183 72 10 32 159 25 40
Pond 2, st.  I l l ............... 2193 425 24 45 10 1 1

T o t a l ................................................. 10,868 1074 329 1199 640 175 58

* This table  includes al l l a rv a e  over  5 m i l l im e te r s  in
length.
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was in Kellogg F o r e s t  pond TT2 / '  w here  the fam ily  Gyrin idae  was 

r e p r e s e n te d  in many of the bottom deposit  s am p le s  by the genus 

Dineutus .  The fam i ly  Dytisc idae  was r e p r e s e n t e d  by two g e n e ra ,  

L a c cophilus and Copto tom us , in Kellogg F o r e s t  pond ,I2 . n

W ate r  boa tm an  (family Corixidae) sp ec im en s  w ere  rem oved  

f ro m  the bottom deposi ts  of all  the ponds. The only ponds w here  a 

concen t ra ted  w a te r  boa tm an  populat ion ex is ted  w ere  Lake City ponds 

" E "  and MF . M M e m b e rs  of the fam ily  Notonectidae w ere  a lso  p r e s ­

ent in many of the ponds,  but only two spec im ens  w ere  r e c o v e re d  in 

the bottom deposit  s am p le s .

There  w ere  five im m a tu re  spec im ens  belonging to the fam ily  

Ephydr idae  and two m e m b e r s  of the fam ily  Tipulidae identif ied  f ro m  

the bottom  deposi t  sam p les  taken f ro m  Kellogg F o r e s t  pond n 2 .Tt

The c la s s  C ru s ta c e a  was r e p r e s e n te d  in the bottom deposit s  

by a s ingle spec ie s ,  Hya le l la  a z t e ca (Saussure) .  H. a z t e c a was o c ­

cas iona lly  identif ied  f ro m  many of the bottom deposit  sam p le s  and in 

Lake City ponds t ,E 1' and TIF ” it was often p r e s e n t  in s izeab le  n u m ­

b e r s .  The bo ttom  deposit  sam p le s  f ro m  Lake City ponds !,C M and 

MD ,r p roduced  la rg e  n u m b e rs  of aquatic  ea r th w o rm s  (Phylum Annelida) . 

The o r d e r  D ip te ra  p roduced  94 p e rc e n t  of the 14,343 im m a tu re  in ­

sec ts .  The fam ily  Tendipedidae con tr ibu ted  83 p e r c e n t  of the
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im m a tu re  i n s e c t s .  The im m a tu r e  in se c ts  of the fam ily  Tendipedidae 

w ere  m e m b e r s  of the subfam ilies  Tendipedinae and P e lo p i in ae .  The 

im m a tu re  fo r m s  of the subfamily  Hydrobaeninae  and the t r ib e  Calop- 

s e c t r in i  w ere  not  inc luded in the n u m e r ic a l  co n s id e ra t io n  of im m a tu r e  

f o r m s .  The r e a so n  fo r  not  cons ider ing  the subfamily Hydrobaeninae  

and the t r ib e  C a lo p sec t r in i  was that  all  the im m a tu re  sp ec im en s  c o l ­

l ec ted  belonging to these  two taxonomic groups  w ere  5 m i l l i m e t e r s  

o r  l e s s  in length. It was decided that  the s c re e n s  used  in handling 

the im m a tu re  in se c ts  would only a c c u ra te ly  sam ple  in se c ts  above 

5 m i l l im e te r s  in length.

The fam ily  Culicidae con tr ibu ted  8 p e r c e n t  of the im m a tu re  

spec im ens  and all of th ese  l a rv a e  w ere  m e m b e r s  of the subfam ily  

Chaoborinae .  The rem ain in g  im m a tu re  D ip te ra  spec im ens  w ere  m e m ­

b e r s  of the fam ily  Heleidae.  F o u r  p e r c e n t  of the im m a tu re  spec im ens  

were  con tr ibu ted  by the o r d e r  E p h e m e ro p te r a .  The rem a in in g  2 p e r ­

cent of the im m a tu re  in sec ts  w ere  Odonata sp ec im ens .

The h ighest  concen tra t ion  of im m a tu re  in se c ts  was p r e s e n t  in 

the bottom  deposits  of Kellogg F o r e s t  pond " 2 . 11 This pond a v e ra g e d  

one hundred  im m a tu re  in sec ts  p e r  one-four th  square  foot sam ple .

The lo w es t  densi ty  of im m a tu re  in sec ts  was p r e s e n t  in Kellogg F o r e s t  

pond Tll rt w here  the bottom sam p le s  a v e rag ed  only twelve im m a tu re
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in se c ts  p e r  o n e - fo u r th  sq ua re  foot sam ple .  The Lake City ponds had 

an av e rag e  product ion  of twenty-f ive  im m a tu r e  in se c ts  p e r  sam ple .

The r e s e r v o i r  s ta t ions  w e re  only sl ightly l e s s  p roductive  with an 

a v e rag e  of s ix teen  in se c ts  p e r  sam ple .

F ig u re  5 gives the pe rcen tag e  d is tr ib u t io n  of va r ious  taxonomic 

groups of im m a tu re  in sec ts  in the Lake City ponds and r e s e r v o i r  as 

well as  the Kellogg F o r e s t  ponds. Only those  taxonomic groups which 

ap p e a re d  to be re l i ab ly  sam pled  both as adult  and im m a tu re  f o r m s  

a re  inc luded in F ig u re  5. S eve ra l  g ene ra l  t rends  ap p ea r  when the 

adult  and im m a tu re  da ta a re  handled in this  m a n n e r .  In the Lake  

City ponds w here  the in te rv a l  be tw een  adult  s am ples  was th r e e  days 

and the in te rv a l  between bottom deposit  sam p les  was one week, th e re  

was a c lose  c o r r e l a t io n  between the p e rc en ta g e  d is t r ibu tion  of adult  

and im m a tu r e  in se c t s .  At the Lake City r e s e r v o i r  s ta t ions where  

adult  as  well as the bottom deposi t  sam p le s  w ere  taken at  weekly 

in te rv a ls  th e re  was not  as c lose  a c o r r e l a t io n  be tween the d i s t r i b u ­

tion of adult  and im m a tu re  f o r m s .  At the Kellogg F o r e s t  ponds,  

where  the sampling  in te rv a l  was two weeks fo r  both adults  and i m ­

m a tu re  f o r m s ,  th e re  was even l e s s  a g re e m e n t  be tw een  the p e r c e n t ­

age d is t r ibu t ion  of adults  and l a rv a e .
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Suborder  
Zygopte r a

Subo r d e r  
Anisopte ra

+->

Orde r
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F a m i ly
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Subfamily 
Chaobo r inae

Subfamily
Pe lop iinae
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P e r c e n t  of T o t a l  P r o d u c t i o n
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In c e r ta in  taxonomic groups  the p e rcen tag e  d is tr ibu t ion  of 

adults  was cons is ten t ly  h igher  than fo r  the im m a tu re  f o r m s ,  and in 

o the r  g roups  ju s t  the opposite  condition o c c u r r e d .  This  condition 

was e sp e c ia l ly  evident  in the o r d e r  E p h e m e ro p te r a ,  where  the i m m a ­

tu re  sa m p le s  always contained a h igher  p e rcen tag e  of m ayf l ie s  than 

the adult  s a m p le s .  It was ap p a ren t  f ro m  observa tions  made of the 

m ayfl ie s  e m erg in g  into the adult  t r a p s  tha t  the m ayf l ie s  did not 

e m e rg e  f r o m  th e i r  nymphal  skin and p a s s  th rough the subimago stage 

as read i ly  in the t r a p s  as under  n a tu ra l  condit ions.

The ph an to m -m id g es  of the subfamily Chaoborinae w ere  con­

sis ten tly  m o re  n um erous  in the adult  sam ple s  than in the im m a tu re  

sa m p le s .  The l a rv a l  f o r m s  of the subfamily Chaoborinae  a p p ea red  

to be d is t r ib u te d  in i so la ted  colonies in the bottom depos it s .  Often 

s e v e ra l  sam ples  would be taken f ro m  var ious  locat ions in a pond and 

only one would contain p h a n to m -m id g e s . When the adults  e m e rg e d  

f ro m  a pond they a p p ea red  to be m o re  evenly d i s t r ibu ted  over la rg e  

a r e a s  of the pond and thus a m o re  re p re sen ta t iv e  adult  sam ple  would 

re su l t .

In the subfamily  Pe lo p i in ae  the pe rcen tag e  d is tr ibu tion  of adults  

was always g r e a t e r  than the l a rv a e .  One explanation fo r  th is  is  the 

fac t  tha t  P r o c l a d i u s b e l l u s , a ve ry  n u m e ro u s  spec ies  in the adult
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sa m p le s ,  is a sm a l l  spec ie s  and no doubt m any  of the im m a tu re  

la rv a e  p a s s  through the so r t ing  s c r e e n s .

F ig u re  6 gives the p e rcen tag e  d is tr ib u tion  of the adults  and 

im m a tu re  f o r m s  in the va r io us  ponds and s ta t ions .  These  p e r c e n t ­

ages do not  include the en t i re  adult  and la rv a l  collect ion .  The p e r ­

cen tages  a r e  computed  f ro m  the sam e n u m b e rs  of adult  s am p le s  at  

each  pond o r  s ta t ion  as well as equal n u m b e rs  of bottom deposit  

s am p les  a t  each  pond o r  s tat ion. The e x t r a  adult  s am p les  which 

w ere  taken a t  c e r t a in  s ta t ions a re  omitted  f r o m  the p e rc en ta g e  c o m ­

putat ion in F ig u re  6.

The sam e condition that  was evident  in the taxonomic group 

d is t r ibu tion  o c c u r r e d  in the p e rcen tag e  d is tr ib u tion  of adult and i m ­

m a tu re  f o r m s .  When the sam pling  in te rv a l  was the s h o r t e s t ,  as  in 

the Lake City ponds,  the adult  and im m a tu re  d is t r ib u tion  was ve ry  

c lose ly  c o r r e la te d .

Seasonal  D i s t r ib u t ion of Taxonomic G r oups

The seasona l  d is tr ib u tion  of the adult and im m a tu re  fo rm s  of 

the var ious  taxonomic groups was studied both quali ta t ive ly  and quan­

t i ta t ive ly .  The p r in c ip a l  r e a so n  fo r  studying the v a r ia t ion  in seasona l  

popula t ions was to com pare  the f luctuat ions which ex is ted  in the in se c t
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populat ion using both adult  and la rv a l  t rapping  dev ices .  I t  was also 

p oss ib le  to ut i l ize  the seasona l  d is tr ibu t ion  da ta to d e te rm in e  the 

length of life cycle as well as  the num ber  of gene ra t ions  p e r  y ea r  

fo r  some of the m o re  n u m ero u s  sp ec ie s .

T r ibe  Tendipedini,  Kellogg F o r e s t  Pond  ” 2"

The Tendipedini population which ex is ted  at s ta t ions I, II, and 

III in Kellogg F o r e s t  pond TI2 ,T exhib ited  p ronounced  p e r io d s  of m a x i ­

m um  and m in im u m  abundance.  No bottom deposit  s am p les  w e re  taken 

f ro m  sta t ions IV and V, so only the Tendipedini  p roduction  f r o m  the

th ree  s ta t ions  in Kellogg F o r e s t  pond n 2Tr could be used .  The d i s ­

t inc t  peaks and d e p re s s io n s  which w ere  p r e s e n t  in a g rap h  of the 

seasona l  d is t r ib u tion  of the Tendipedini population in Kellogg F o r e s t  

pond M2M m ade  this  group an e x t re m e ly  valuable one fo r  studying 

the adult  and im m a tu re  sampling  dev ices .

F ig u re  7 shows that the re  w ere  two per iods  of m ax im um  p r o ­

duction of the t r ib e  Tendipedini in Kellogg F o r e s t  pond M2 .M The 

sam e  g rap h  a lso  shows two per io ds  when v e ry  few adults  w ere  e m e r g ­

ing as well as  a m in im um  of l a rv a l  production .  The f i r s t  peak in

the Tendipedini  collect ion  o c c u r r e d  in the May 31 adult and la rv a l  

s a m p le s .  T h ree  spec ie s  of Tendipedini ,  Tendipe s dec o ru s ,  _T._ a t  r  ell a ,
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and T . tu x is , were  re sp o n s ib le  fo r  th is  peak e m e rg en c e .  The n u m e r ­

ica l  and vo lu m e t r ic  l a rv a l  values as well as the adult production  

reach ed  a peak  c o n c u r ren t ly  during this  in i tial  in c r e a s e  in p r o d u c ­

tion. This  peak  p roduc tion  was followed by a sudden decline in both 

adult  and l a rv a l  abundance in the June 14 sam ple .  A g en e ra l  in ­

c r e a s e  was evident  in the June 28 sam ple s  and a second peak in 

adult  em e rg en c e  o c c u r r e d  on July 26. A second genera t ion  of 

Tendipes d e c o rus  and T. tuxis as  well as a  co ncen t ra ted  em e rg en c e  

of Glyptotendipes p a r i p e s , Tendipes dux , and P o ly p e dilum s im u la n s 

w ere  re spons ib le  fo r  the second e m erg en ce  peak.  There  was very  

l im i ted  e m e rg en c e  in the August  23 sam ple ,  followed by a slight  i n ­

c r e a s e  on S ep tem ber  6. G. p a r ip e s  and T . dux w ere  the p r in c ip a l  

spec ies  re spons ib le  fo r  the Sep tem ber  e m e rg e n c e .  S im i la r  peaks 

and d e p re s s io n s  w ere  evident  in the n u m e r ic a l  and vo lum etr ic  c u rv es .  

T he re  was no adult  e m e rg en c e  in the O ctober  and N ovem ber  s a m ­

ples and the l a r v a l  p roduction  continued to decline until a m in im um  

was re a ch e d  on N o v em b er  7. In each  in s tance ,  the m ax im u m  and 

m in im um  points  in the im m a tu re  cu rves  were  evident  two weeks 

p rev ious  to the co r re sp en d in g  point in the adult cu rve .
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Subfamily Pe lo p iinae ,  Kellogg F o r e s t  Pond M1TT

T hree  spec ie s  of the subfamily  Pe lop iinae  w ere  respons ib le  

fo r  92 p e r c e n t  of the total  in s e c t  p roduc tion  in the Kellogg F o r e s t  

pond , , l . tt During the l a s t  week of May and the f i r s t  week of June ,  

l a rv a l  and adult  f o r m s  w ere  p r e s e n t  in m ax im um  n u m b e rs  in the 

sam ples  (F igure  8).

The f i r s t  adults  w ere  taken f ro m  the May 30 funnel sam ple .  

The peak  adult  p roduc tion  was p r e s e n t  in the June 14 sam ple ,  when 

f o r ty - s e v e n  adult  in sec ts  w ere  identif ied. The th ree  spec ie s  of the 

subfamily  Pe lop iinae  which w ere  re spons ib le  fo r  this peak e m erg en ce  

we re P e l opia s tell  a t a , P r o c l adius b e l l u s , and P r o c  ladi  us ^niL p if o r m  i s . 

P .  s t e l l a ta  o c c u r r e d  in the g r e a t e s t  n u m b e rs  and was p r e s e n t  over  

the longes t  p e r io d  of t im e .  The Pe lop i in ae  production  continued to 

decline with m in o r  va r ia t ions  until S ep tem ber  6. T he re  w ere  no 

adults  cap tu red  a f te r  S ep tem ber  6. F ig u re  8 shows that  the curve  

r e p re sen t in g  the l a rv a l  p roduction  in Kellogg F o r e s t  pond ’’ I "  c o r ­

responds  v e ry  c lo se ly  to the curve fo r  the adult  em e rg en c e .  The 

peak l a rv a l  p roduction  o c c u r r e d  two weeks before  the high point  in 

adult  e m e rg en c e  was reached .  This  s i tuat ion ,  w here  the t ren d s  in 

the curve  r e p re s e n t in g  l a rv a l  production  ap p ea red  two weeks before
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a s im i l a r  condit ion was evident  in the adult  e m e rg e n c e ,  was a lso  

p r e s e n t  in the Tendipedini  p roduc tion  of pond n 2 fl (F igure  7).

It is  p oss ib le  that  the absence  of adult  and im m a tu re  in s e c t s  

in the sam ples  taken a f t e r  Sep tem ber  6, 1953, was the r e s u l t  of the 

decom posit ion  of the l a rg e  S p irogyra  depos i ts .

T r ibe  Tendipedini ,  Lake City Ponds

The adult  and l a r v a l  e m erg en ce  cu rv es  r e p re sen t in g  the tota l  

p roduction  of the t r ibe  Tendipedini  in the Lake City ponds a re  ex ­

t r e m e ly  v a r iab le  (F igure  9). The c lose  c o r re la t io n  which ex is ted  

between the adult and l a rv a l  p roduction  of the t r ib e  Tendipedini in 

the Kellogg F o r e s t  ponds was not r e f lec ted  in the da ta a t  the Lake 

City ponds.  It m u s t  be po inted out that  the sam ple s  w ere  not taken 

a t  definite s ta t ions ,  but  r a th e r ,  each  t im e  a new sam ple  was taken 

a d if fe ren t  a r e a  of the pond was sam pled .  A g re a t  amount of v a r i a ­

tion in the spec ie s  of m idges  p r e s e n t  a t  d if fe ren t  loca t ions  in the 

pond as well as in the quantity of midges  p roduced  was noted. This 

m ay  p a r t i a l ly  explain the sharp  peaks  and d e p re s s io n s  which a re  

evident  in F ig u re  9. These  may be the re su l t  of sampling  an a r e a  

of a  pond w here  a c e r ta in  spec ie s  of midge was em erg ing  in l a rg e  

n u m b e rs  and taking the following sam ple  a t  an a r e a  of l im i te d  e m e r ­

gence .
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T here  was no adult  e m e rg en c e  in the f i r s t  adult  sam ple s  

taken f r o m  the Lake  City ponds on A pri l  23. The following adult  

sample  taken on A pr i l  30 was the m o s t  p roductive  Tendipedini  s a m ­

ple .  This peak  e m e rg e n c e  o c c u r r e d  only seven days a f te r  the ice 

cover  had m e l ted  f ro m  the pond. A single sp ec ie s ,  Mic rotendipe s 

p ede llus va r .  p e d e l lu s , was respons ib le  fo r  this  ini t ia l  e m e rg en c e .

A second peak  in adult  tendipedid e m erg en ce  o c c u r r e d  on June 6 with 

the e m e rg en c e  of Tendipes b runneipennis in ponds MA M and MD .IT 

A second e m e rg en c e  of T. b runneipennis took place in pond ,fD M on 

July 22, which is re spons ib le  fo r  the high point in the adult  em e rg en c e  

curve  fo r  tha t  date.  The e m erg en ce  peak  which was evident  in the 

August 22 adult  s am ples  was the r e s u l t  of the em e rg en c e  of ten 

spec ies  of Tendipedini  of which Tendipes s t a e g e r i , T an y ta rsu s  n i g r i c a n s , 

Po lyped ilum  s im u lans ,  and Glyp to tendip e s p a r i p e s w ere  the p r inc ipa l  

con t r ibu to rs  .

F ig u re  9 shows tha t  the re  is ve ry  l i t t le  re la t ionsh ip  be tween 

the curve  r e p re s e n t in g  adult  em e rg en c e  and the curve  of la rv a l  p r o ­

duction. Many of the la rv a e  of the spec ie s  of the t r ibe  Tendipedini 

which w ere  p r e s e n t  in the adult  s am ples  w ere  so sm all ,  even during 

th e i r  l a s t  i n s t a r ,  tha t  they p a s s e d  th rough the sort ing  sc re e n .  These 

s m a l l e r  spec ie s  often w ere  respons ib le  fo r  e m erg en ce  peaks  in the
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adult  cu rve  without any indica t ion  of th e i r  p r e s e n c e  in the l a rv a l  

s a m p le s .  The l a rv a e  of the t r ib e  Tendipedini w ere  m o re  n u m ero u s  

in the sam ples  taken during  May and June followed by a p e r io d  of 

low la rv a l  p roduc tion  during August  and Sep tem ber .  This sam e  con­

dition of e a r ly  spring  produc tion  followed by a low point in Ju ly and 

August  has  been o b se rv ed  by se v e ra l  in v es t ig a to rs  (Ball, 1938; B ra y ,  

1949; and C u r ry ,  1952).

In Lake City pond MA,f the m ax im um  production  of the la rv a e  

of the t r ibe  Tendipedini  o c c u r r e d  on May 14, and th ree  weeks l a t e r  

was followed by the peak  adult em e rg en c e  (Figure  10). Two of the 

l a r g e r  spec ie s  of the t r ib e ,  P s eudoch ironom us banksi  and Tendipes 

b runn e ip e n n is , w ere  the spec ies  re spons ib le  fo r  this  concen t ra ted  

em erg en ce  in pond T,A .Tl There  w ere  no adult  or l a rv a l  spec im ens  

cap tu red  f ro m  pond ,rA M a f te r  Ju ly  9.

Tribe  C a lopsec t r in i ,  Lake City Ponds

The seasona l  d is tr ibu t ion  of the tr ibe  C a lo psec t r in i  is r e ­

s t r i c te d  to a d iscu ss io n  of adult  in sec ts  only. B ecause  of th e i r  

sm all  s iz e ,  the C a lo p sec t r in i  la rv ae  w ere  not a ccu ra te ly  sam pled  

with the equipm ent and techniques employed in this  invest igat ion .  

F ig u re  11 shows that  th e re  was an e a r ly  high point  in the em e rg en c e
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of C a lo p se c t r in i  on May 14. The m ax im um  em e rg en c e  of the C a lo p­

s e c t r in i  o c c u r r e d  in the Ju ly 8 s a m p le s ,  when 324 spec im ens  w ere  

rem oved  f r o m  the adult  t r a p s .

Since m e m b e r s  of the t r ib e  C a lo p sec t r in i  w ere  not identif ied 

to spec ie s  it was im poss ib le  to d e te rm ine  w hether  the peaks  in the 

em e rg en c e  curve w ere  com posed  of a single spec ies  or  a spec ies  

complex.  O bse rva t ions  m ade  during the sort ing  of the adult  s p e c i ­

m ens  ind ica ted  that  many of the sam ples  w ere  com posed  of s e v e ra l  

d if fe ren t  sp ec ie s .

Subfamily Pe lop i inae ,  Lake City Ponds

F ig u re  12 shows that  the adult  em ergence  of the subfamily 

Pe lopiinae  in the Lake City ponds was e x t r e m e ly  va r iab le .  The 

lack  of continuity in the adult  e m erg en ce  curve is caused  by the r o ­

tat ion of the sampling  a r e a s  f ro m  one locat ion to ano ther  as  p r e ­

viously d e sc r ib ed .  There  was a g en e ra l  t r en d  of h igher  adult  p r o ­

duction during July and August.  P e n ta n e ura  s p . (probably mon i l i s) 

was the m o s t  nu m ero u s  spec ie s  p r e s e n t  in the adult  s am p les .  This 

spec ie s  was not c h a r a c t e r i z e d  by a sh o r t  em erg en ce  pe r iod  but ,  

r a th e r ,  s p re a d  over a th r e e -m o n th  per iod .
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The cu rve  re p re se n t in g  the Pe lop iinae  l a rv a l  production  is 

c h a r a c t e r i z e d  by a v e ry  high l a rv a l  population in the ponds i m m e ­

dia te ly  following the spring  ice b re a k -u p  (F igure  12). There  was no

indica t ion  in the adult  curve  when the in sec ts  r e p re s e n te d  by the

high l a rv a l  populat ion of May 2 em erg ed .  There  was a g en e ra l  in ­

c r e a s e  in the n u m b e r  of o rg a n ism s  in the l a rv a l  s am ples  during  July 

and the f i r s t  week of August.  The in c re a s e  in Pe lo p i in ae  l a rv ae  

during July  and August  co r re sp o n d s  to the in c re a s e  in adult  e m e rg en c e  

during th is  per iod .  P roc 1 adms_ b e ll iis , one of the im p o r tan t  spec ies  

p r e s e n t  in the adult  s a m p le s ,  was a sm all  spec ie s  and the l a rv ae  

of this  spec ie s  w ere  not  r eco v e red .  The absence of P .  be l lus  sp e c i ­

m ens  in the la rv a l  sam ples  accounts fo r  some of the lack  of con t i­

nuity be tween the adult  and l a rv a l  sam p le s .

Subfamily Chaoborinae,  Lake City Ponds

Pond  fTD ' 1 ■ p roduced  96 p e rc e n t  of the spec im ens  re c o v e re d  

of the Chaoborinae  and these  in sec ts  w ere  unevenly d is t r ib u ted  in 

the pond. At only two in te rv a ls  during  the sampling  p e r io d  were  

spec im ens  of the subfamily Chaoborinae  num erous  in the adult s a m ­

p les  (F igure  13). The f i r s t  e m e rg en c e  peak o c c u r r e d  on June 25 

and a second high point  was reach ed  on August  20. This  second
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peak is  not ev ident  in the adult  em e rg en c e  curve  of F ig u re  13, but  

the high l a r v a l  p roduction  on August  6 ind ica tes  that  a l a rg e  popu la ­

tion of in s e c t s  was p r e s e n t .  Adult s am p les  taken in connection with 

ano th e r  p a r t  of the inves t iga t ion  indica ted  this  e m erg en ce  did take 

p lace  on August  20. P r e v io u s  to the June 25 em ergence  and fo l low­

ing the August  6 high point  th e re  w ere  ve ry  few Chaoborinae sp e c i ­

m ens  co l lec ted  in the adult  t r a p s .  The curve  r e p re sen t in g  the la rv a l  

production  of the subfamily  Chaoborinae c o r re sp o n d s  c lose ly  to the 

adult  e m e rg en c e  curve  except  fo r  the high point on May 26. The 

re su l t s  f r o m  the adult  and l a rv a l  sampling  data indica ted  tha t  m e m ­

b e r s  of the subfamily  Chaoborinae were  p r e s e n t  in the ponds as i s o ­

la ted  aggrega t ions .  F o r  this  r e a so n  c e r ta in  sect ions of the adult  

and l a rv a l  cu rv es  a r e  not adequately  r e c o rd e d  fo r  the a r e a  w here  the 

Chaoborinae w ere  loca ted .

tion d isp layed  definite e m erg en ce  p e r io d s .  The n u m b er  of genera t io ns  

p r e s e n t  during the sampling  p e r io d  and the length of the e m erg en ce  

pe r iod  v a r ie d  with the d if fe ren t  sp ec ie s .  In this d iscu ss io n  only 

those  spec ie s  with a definite em erg en ce  p a t t e rn  will be cons ide red .

Seasonal  D is tr ibu tion  of Indivi 7 r"

Many of the spec ie s  of midges  identif ied during this  in ves t iga -
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Species  which a r e  not  included in this  d iscu ss io n  of seasona l  d i s t r i ­

bution w ere  not r e c o v e re d  in n u m b e rs  sufficient  to d e te rm ine  a def ­

inite e m e rg en c e  p a t te rn .

The d is t r ib u t io n  data of the spec ies  f ro m  the Lake City ponds 

a re  b a se d  on adult  sam p les  only. Both adult  and la rv a l  sam ple  data 

f ro m  the Kellogg F o r e s t  ponds w ere  employed to a r r i v e  at the s e a ­

sonal d is t r ibu t ion  of the va r ious  spec ie s .  Since Kellogg F o r e s t  pond 

l ,2 ,t was a new pond, without any in sec ts  p r e s e n t  when the ice cove r  

m elted ,  the em e rg en c e  data re la t ing  to the var ious  spec ies  might  

ve ry  well undergo cons id e rab le  v a r ia t ion  in fu tu re  seasons  as  the 

pond m a tu r e s .

In the Lake City ponds th e re  were  twelve spec ie s  of the t r ibe  

Tendipedini which a p p ea red  to have definite  em e rg en c e  p a t t e rn s  {Fig­

ure  14). Two g ene ra t ions  w ere  p roduced  during the sampling  p e r io d  

by T en dipes b r unne ipenn is , T. s t a e g e r i, T\_nervospis^ and Ppl_yp^edilurn 

s im u la n s . The rem ain in g  eight spec ies  had a single genera t ion .  F i g ­

ure  14 gives the re la t ive  length of the em erg en ce  pe r iod  as well as 

the t ime of y e a r  it  o c c u r re d .  The d e te rm ina t ion  of the length  of the 

e m e rg en c e  p e r io d  was b a s e d  on the t im e  lapse  of the g r e a t e s t  e m e r ­

gence of a sp ec ie s .  In many in s tan ces  individual spec im ens  w ere
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taken f ro m  the t r a p s  during the en t ire  sampling pe r io d  with g r e a t e s t  

e m e rg en c e  taking place  as  shown in F ig u re  14.

When a spec ie s  was p r e s e n t  in m ore  than one pond, the c o r ­

responding e m e rg en c e  p e r io d  fo r  tha t  spec ies  was very  s im i l a r  in 

all of the ponds.  There  was some indicat ion that  the midges in 

ponds MC ir and MD U com ple ted  th e i r  life cycle m ore  rapidly  than 

the sam e  sp ec ie s  in the o ther  ponds.  This was espec ia l ly  true  of 

T. b r u n n e ip e n n is , w here ,  as  in pond fTD , fl this  spec ies  ap pea red  to 

com ple te  th ree  gen e ra t io n s  during the sampling per io d  and only two 

in the o ther  ponds.  P e r h a p s  the p re sen ce  of a m ore  concen tra ted  

food supply as well as  a h igher  m ean  te m p e ra tu re  during the s a m ­

pling season  was respons ib le  fo r  this phenomenon.

There  was cons ide rab le  var ia t ion  in the length of the e m e r ­

gence p e r io d  fo r  the va r ious  spec ies .  The spec ies with the s h o r t e s t  

e m e rg en c e  pe r io d  was M icro tend ip es pedellus var .  p e d e l lu s . This 

spec ies  was one of the f i r s t  to e m e rg e  a f te r  the ice lef t the pond 

and was r e p r e s e n te d  in the sam ples  until July 1. There  was some 

ind ica t ion  tha t  a v e ry  sm all  second genera t ion  e m e rg ed  during the 

f i r s t  week of July.  The two em erg en ce  per iods  of P .  s imulans were  

of ve ry  s h o r t  dura t ion  with the m ax im um  production l im ited  to one 

o r  two sa m p le s .
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Two sp ec ie s  of the subfamily Pelopiinae  displayed definite 

e m e rg en c e  p a t t e r n s  (F igure  14). Both P r o ^ la ^ h u ^ b e l lu s  and P en ta -  

n e u ra  s p . (probably m on i l is) had a single genera t ion  a yea r .  The 

e m e rg en c e  of both of these  species  was evenly d is t r ib u ted  over a 

two and one-ha lf  month per iod .

E m e rg e n c e  p a t t e rn s  w ere  d e te rm in ed  for  five spec ie s  of the 

t r ibe  Tendepedini  in Kellogg F o r e s t  pond Tr2TT (F igure  15). Three  of 

the five spec ie s  p roduced  two genera t ions  during the sampling per iod  

and the o the r  two spec ies  only a single generat ion .  Ten dip e s deco r u s , 

T. t u x i s, and T . dux w ere  the spec ies  with two dist inct  pe r iods  of 

adult  e m e rg e n c e .  It was in te re s t in g  to obse rve  that  T . dec o rus and 

T. t u x i s , two spec ie s  which a re  very  c losely  re la ted  taxonom ica lly , 

had a lm o s t  identica l  life cyc le s .  It r e q u i re d  approx im ate ly  60 days 

fo r  these  two spec ie s  to complete the i r  life cycle. T ^ d u x ,  which 

was ac t ive  l a t e r  in the sampling per iod ,  re q u i re d  70 days to p a ss  

f ro m  the egg to adult  s tage .  There  was a genera l  t r end  fo r  those 

spec ie s  having two gene ra t ions  to have a re la t ive ly  shor t  ini tial  p e ­

r iod  of e m e rg en c e  fol lowed by a longer  second adult em ergence  

in te rv a l .  The spec ie s  p r e s e n t  in Kellogg F o r e s t  pond n 2Tl in gene ra l  

had a s h o r t e r  e m e rg en c e  p e r iod  than the sam e spec ies  in the Lake 

City ponds .
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The only spec ies  of the subfamily Pelopiinae  p r e s e n t  in Kellogg 

F o r e s t  pond ,T2 TI in sufficient  n u m bers  to de te rm ine  an em ergence  

p a t t e rn  was P . bellus^. P . b e l lus had a single generat ion  with adults  

p r e s e n t  in the t r a p s  f ro m  June 5 until August  1. In Kellogg F o r e s t  

pond Trl M the e m erg en ce  p e r iod  fo r  P^_bell_us and P e l opia s te l la ta  

was d e te rm in e d .  The em ergence  of P .  b e l lus o c c u r re d  f ro m  May 31 

until July 26, with the m ax im um  nu m b er  of adults p r e s e n t  in the June 

2 8 sam ple .  P .  s t e l l ata , which was the m o s t  num erous  species in 

pond t , l , n was p r e s e n t  in sam ples  f ro m  May 31 until August 23, 

with peak  em e rg en c e  on June 14.

It is poss ib le  that  some of the spec ies cons id ered  in this  life 

cycle d iscu ss io n  m ay have com ple ted  another genera t ion  a f te r  the 

sampling was d iscontinued in the fall .  A continuous decline in e m e r g ­

ing adults  during the l a s t  five sampling per iods  indicated that  very  

l i t t le  em e rg en c e  took place a f te r  Sep tem ber  30. The poss ib i l i ty  a lso 

ex is ts  that  with c e r ta in  sp ec ie s ,  ano ther generat ion  or  a t  l e a s t  p a r t i a l  

gene ra t ion  o c c u r r e d  during the invest igat ion .  This is espec ia l ly  

true  in the Lake City ponds, where  the life cycle data were  b a sed  

on adult  i n s e c t  em e rg en c e  only. In o r d e r  to el im inate  this  difficulty 

as  m uch as poss ib le  only those species  which w ere  nu m ero u s  and 

exhibited  c l e a r - c u t  e m erg en ce  t ren d s  were  included. In the Kellogg
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F o r e s t  ponds,  w here  both adult  and la rv a l  data were  consulted in 

o r d e r  to a r r i v e  at  the e m e rg en c e  pa t te rn ,  the life cycles  should be 

e sp ec ia l ly  a c c u ra t e .

In sec t  S u c c e s s ion in Kellogg F o r e s t Pond 112 11

Since Kellogg F o r e s t  pond " 2 rr was a new pond and did not 

contain an in s e c t  population when the ice cover  m elted  in A pri l ,  1953, 

it p rov ided  an ideal  a r e a  fo r  the* study of aquatic  in sec t  success ion .  

The o r ig in a l  outline fo r  this  invest igat ion  did not include a study of 

in se c t  success io n ;  how ever ,  the absence of this type of information  

in the l i t e r a tu r e  led  to the inclusion  of a d iscuss io n  of in sec t  s u c ­

cess ion  h e re .

T here  w ere  no adult o r  im m a tu re  in sec ts  p r e s e n t  in any of 

the sam ples  taken on Apri l  4, 1953, f ro m  Kellogg F o r e s t  pond M2.fI 

The f i r s t  evidence of im m a tu re  in sec ts  was found in the bottom de­

p o s i t  s am p les  taken on May 2. Specimens of the genus Tendipes 

were  identif ied  f ro m  bottom deposit  sam ples  taken at s ta t ions I, II, 

and III. T he re  w ere  a lso  two im m atu re  spec im ens  of the genus 

Glyptotendip es rem oved  f ro m  the bottom sam ples  taken at station III. 

All of the im m a tu re  in sec ts  sam pled  on May 2 were  five o r  m ore  

m i l l im e te r s  in length. The m ax im um  num ber  of la rv a l  spec im ens
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in any one sam ple  was eleven Tendipes la rvae  in the station II 

sam ple .  The adult  m idges  w ere  ve ry  active depositing eggs 

during the evening and night of May 1 and 2. There  were

fo u r teen  midge egg m a s s e s  clinging to a single square  ya rd  

adult  t rap  which had been in the w a te r  only 24 hours .  The 

f i r s t  evidence of p re d a ce o u s  in sec ts  was p re s e n t  on May 2,

when many sm all  dy tisc id  l a rv a e  as well as cor ix id  and notonec- 

tid adults  w ere  observed .

The ini t ia l  em e rg en c e  of adult  in sec ts  o c c u r red  a t  the

five pond II2TI sta t ions in the May 17 sam ple s .  Adult sp e c i ­

m ens  of the t r ib e s  Tendipedini and Calop sec t r in i  as  well as

the subfam ily  Hydrobaeninae  w ere  cap tu red  in the May 17 s a m ­

p le s .  Tendipes de c o r u s, T . a t r el la ,  and T . tuxis were  the 

spec ie s  of the t r ibe  Tendipedini  which w ere  p r e s e n t  in the

May 17 s a m p le s .  At station II it appeared  that  T. deco r u s

and T. at r e l l a  w e re  approaching th e i r  peak em ergence  of f i r s t  

genera t ion  adults .  The Calop sec t r in i  adults  were  cap tu red  at 

s ta t ions  1Y and V. Cricotopus  t r i f a s c iatus adults rem oved  

f ro m  the sta t ion  IV t r a p s  were  the only Hydrobaeininae sp e c i ­

m ens  taken in the e a r ly  sample .  There  was a la rge  in c rease  

in the n u m b e r  of im m a tu re  in sec ts  in the May 17 sam ples .  On
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May 17 at s ta t ions I and II there  was a m ean  population of 170 T en ­

dipes l a r v a e  p e r  36 square  inches of bottom a r e a  sampled.  These 

l a rv a e  a v e rag e d  9.5 m i l l im e te r s  in length. It is in te re s t ing  to note 

that  th ese  l a rv a e  had in c re a s e d  l e s s  than 5 m i l l im e te r s  in length to 

the 9.5 av e rag e  during a two-week in te rva l .  There  were  th ree  a d d i ­

tional g e n e ra  of the t r ibe  Tendipedini identif ied f ro m  the May 17 

l a rv a l  s a m p le s .  All of these  Tendipedini la rvae  were  five or  l e s s  

m i l l im e te r s  in length. Im m atu re  spec im ens  of the subfamilies  

Pe lop iinae  and Chaoborinae were  also identified f ro m  the bottom 

deposi t  s am ples  taken at  s ta t ion  II on May 17. There  was a concen­

t r a te d  popula t ion  of sm all  gyrin id  l a rv ae  of the genus Dineutus along 

the en t i re  shore  of the pond on May 17. These gyrinid la rv ae  had 

a m ean  length of 10 m i l l im e te r s .

The peak em erg en ce  of the f i r s t  genera t ion  T. decorus ,  

a t r e l l a ,  and T . tuxis  spec im ens  was evident at s tat ions I, II, and 

III on May 31. The f i r s t  e m erg en ce  of Chaoborus f lav ican s spec im ens  

also o c c u r r e d  on May 31. The m ean  length of the Tendipes l a rv ae  

had in c r e a s e d  f ro m  9.5 m i l l im e te r s  on May 17 to 12 m i l l im e te r s  on 

May 31. These  m ean  la rv a l  lengths a r e  based  on the Tendipes c o m ­

plex  which was p r e s e n t  in the pond not on single T^ridip^qs^ spec ie s .

The g ene ra t ion  of midges  which was at peak em ergence  in the Ivlay 31
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sam ple  had com ple ted  th e i r  en t i re  development since the melt ing of 

the ice co v e r  on A pri l  3. It was not a sc e r ta in e d  when the eggs f ro m  

which the l a r v a e  of this  genera t io n  developed were  deposited but it

a p p ea red  tha t  egg laying o c c u r r e d  during the la s t  two weeks of

Apri l .  If th is  w ere  the case  T. decorus ,  T. tuxis ,  T. a t r e l la, and 

C. f l a vicans effectua ted  a complete life cycle between Apri l  15 and 

May 31. A la rg e  populat ion of G. p a r ipes  la rv a e ,  all five or l e s s  

m i l l im e te r s  in length ,  f i r s t  appeared  in the May 31 sam ples .

The Dineutus s p . spec im ens  which were  concentra ted  in sh a l ­

low w a te r  on May 17 had d i s p e r s e d  and moved to deeper  w a te r  on

May 31. S eve ra l  Dineutus s j d . spec im ens  were  cap tu red  i n  the May

31 bottom deposit  sam p les  and they had a mean length of 11 m i l l i ­

m e t e r s .  The f i r s t  im m a tu re  mayfly spec im ens  were  also taken in 

the May 31 s a m p le s .  These nymphs had a mean  length of 3 m i l l i ­

m e t e r s .  In the shallow w a te r  along the shore of the pond where 

sm a l l  whir l ig ig  bee tle  l a rv ae  w ere  n um erous  on May 17, now a dense 

population of sm a l l  w a te r  boatm an specim ens was evident.

T here  was a ve ry  definite decline in both adult  and im m a tu re  

production  in the June 14 sam p le s .  This l im i ted  production  was due 

to the l a rg e  em e rg en c e  which o c c u r r e d  on May 31. The Dineutus s p . 

l a rv a e  r e c o v e re d  f ro m  the June 14 sam ple s  had a m ean  length of 13 

m i l l i m e t e r s .



98

The adult  sam p le s  taken on June 28 a lso showed a ve ry  small

e m e rg en c e  of adult  in se c t s .  The l a rv ae  hatching f ro m  eggs la id  by

the th ree  spec ie s  of Tendipes^ which had th e i r  peak em ergence  on 

May 31 w ere  s ta r t ing  to appear  in the June 28 bottom deposit  s a m ­

p le s .  L a r v a l  spec im ens  of Glyptotendipe s p a r i p es and Polyg edilum 

s im ulans had in c r e a s e d  very  rapidly  both n u m er ica l ly  and in size .

The G. p a r ip e s  l a rv a e  which were  five o r  l e s s  m i l l im e te r s  in length 

on May 31 had i n c r e a s e d  to a mean  length of 7 m i l l im e te r s  on June 

28.

The second gene ra t ion  of adults  of T. decorus  and T. tuxis 

were  a t  th e i r  peak e m erg en ce  in the July  12 sam ples  at s ta t ions 1, 

III, and IV. It r e q u i r e d  six weeks fo r  these  two species to complete 

th e i r  second genera t ion .  G. p a r ip es and P .  s im u lan s were  the f i r s t  

cap tu red  in the July 12 sam p le s .  At s tations IV and V the m ax im um  

e m e rg en c e  of T. dux adults  o c c u r re d  on July 12. The subfamily

Pe lopiinae  was f i r s t  r e p re s e n te d  in the pond ft2 !T adult sam ples by

e m erg en ce  of P r o c l adius b e l lu s adults on July 12.

The f i r s t  ap p ea rance  of Odonata spec im ens  in the bottom d e ­

p o s i t  sam p le s  was in the July 12 sam ple s  when P l athe m is lydia 

(Drury) and I sc h n u ra  v e r t r i c i l i s  (Say) were  identified.
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The peak em erg en ce  of G. pa r ip e s  and P .  bel lus was p r e s e n t

on Ju ly  26 a t  all s ta t ions .  At s ta t ions I, II, and III, T\_dux reached

its  m a x im u m  adult  em erg en ce  in the July 26 sam p le s .  The f i r s t

e m e rg e n c e  of mayf ly  adults  was a lso  evident in the sam ples  taken

on Ju ly  26. G. p a r i p e s, P .  s im u lans;  T. dux, and P .  bel lus adults  

w ere  sti l l  n u m ero u s  in the August  9 sam ple s  but the peak em ergence  

fo r  these  spec ie s  had o c c u r r e d  prev iously .

The adult  s am ples  taken on August  23 as well as those taken 

during S ep tem b er ,  October,  and N ovem ber  showed a continuous d e ­

cline in the n u m b e r  of adults  captured .  There  was an indicat ion that 

a second genera t ion  of Chaoborus  f lav icans em erg ed  a t  station III 

during Sep tem ber .  At s tat ion V a second genera t ion  of both T ^ d u x  

and T. tux is app ea red  to em erg e  between the Sep tem ber 6 and 20 

sampling p e r io d s .

Following  the August 23 sampling of im m atu re  in sec ts  the re  

was a g en e ra l  t r e n d  toward  few er  midge l a rv ae  in the sam ple s  and a 

co r re spond ing  in c r e a s e  in the num ber  and size of p redaceous  in sec ts .  

The only spec ie s  of midge which p e r s i s t e d  in the bottom deposit 

sam p le s  until the sampling was discontinued in November was G. 

p a r i p e s . In the October and N ovem ber  im m atu re  sam ples the Odonata 

w ere  the p r in c ip a l  cons t i tuen ts  of the bottom deposi ts .  The Dineutus sp.
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i n c r e a s e d  in size  until they reached  a mean  length of 20 m i l l im e te r s  

on August  9. The Dineutus la rvae  continued to decline n u m e r i ­

ca l ly  in each  sam ple  and th e re  were  no la rvae  sampled  a f te r  August 

9-

S ta t is t ica l  Analysis

A s ta t i s t ic a l  exam ination  of the data f ro m  the four m o s t  i m ­

p o r ta n t  taxonomic groups has been made by analysis  of var iance .

The pu rp o se  of this  s ta t i s t i c a l  cons id e ra t ion  was to de te rm ine  whether  

any sign if ican t  s ta t i s t i c a l  d if fe rences  in ca tch  ex is ted  among the dif­

f e r e n t  t r a p s .  The total em erg en ce  in num bers  of adult insec ts  f ro m  

a one-half  square  y a rd  a r e a  during each month was used fo r  these 

d e te rm in a t io n s .  B ecause  of the re c o rd ed  zero  em ergence  during 

c e r ta in  months  as well as an appa ren t  co r re la t io n  of the mean values 

with the v a r ian ce ,  a lo gar i thm ic  t ran s fo rm a t io n  was used. The a c ­

tual t r a n s fo rm a t io n  used was the logar i thm  of (X + 1) as recom m ended  

by B a r t l e t t  (1947) and used success fu l ly  by Ball  and Hayne (1952) and 

C u r ry  (1952).

An ana ly s is  of var iance  was a r r a n g e d  to te s t  the d if fe rences 

among s ta t ions  and among months fo r  the t r ib e s  Tendipedini and 

Calop se c t r in i ,  the subfamily  Pelopiinae  and the fam ily  Heleidae,
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D if fe rences  among t r a p s  w ere  fu r th e r  co n s ide red  with re g a rd  to the 

var ious  types of adult  t r a p s .  The analys is  of var iance  data fo r  these 

groups  ap p e a r  in Tables XI, XII, XIII, and XIV.

The an a ly s is  of va r iance  shows that no significant  difference 

ex is ted  among the four types of t r a p s  when used to sample adult 

spec im ens  of the t r ib e s  Tendipedini and Calopsec tr in i  and the sub­

fam ily  Pe lo p iinae  in Lake City pond MB . M The F te s t  shows d i f fe r ­

ences among the t r a p s  used  to sample the adult  spec im ens  of the 

fam i ly  Hele idae to be signif icant  at the 5 p e rc en t  level .  F u r th e r  

an a ly s is  of these  d if fe rences  between the t r ap s  used to sample  heleid  

spec im ens  shows tha t  a highly signif icant  difference exis ted  when the 

tent  t r a p  was co m p ared  with the th ree  funnel t r a p s .  No signif icant  

d if ference  ex is ted  among the th ree  funnel t rap s  used to sample he le id  

adults .  The low n u m b ers  of hele ids cap tu red  by the funnel t r ap s  d ic ­

ta te s  caution in in te rp re ta t io n  of these  re su l t s .

The F  t e s t  shows d if fe rences  among monthly values of the 

t r ib e s  Tendipedini  and C a lopsec t r in i  to be highly signif icant . This 

r e s u l t s  f r o m  the m a rk e d  seasonal  f luctuat ions in adult em ergence  

fo r  these  two taxonomic groups.  The ana lys is  of the d ifference among 

months fo r  the subfamily  Pelopiinae  and the family  Heleidae ind i­

ca te s  tha t  no signif icant  difference ex is ted .  This co r re sp o n d s  with
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T A B L E  XI

ANALYSIS OF VARIANCE DATA FOR THE TRIBE TENDIPEDINI
FROM LAKE CITY POND T,B ,!

Type of Trap

Month i  Yard 2 Yard
1 Y ard  Funnel  Funnel j  Yard
Funnel  (sus-  on Tent

p ended) Bottom

April  ..................................................... 0 .886+ 1.097 0.699 0.845

May ......................................................... 0.462 0.415 0.591 0.531

June ......................................................... 0.415 0.342 0.415 0.431

July ......................................................... 0.146 0.000 0.230 0.204

August  .................................................  0.415 0.204 0.255 0.279

S e p t e m b e r .......................................... 0.342 0.301 0.623 0.568

Source  of D egrees  of Sum of Mean
Varia t ion  F re e d o m  Squares Square Ratio

T o t a l ..................................................... 2 3 1.480

T r a p s   3 0.026 0.008 0.533

Months .............................................  5 1.232 0,2 46 16.4**

D i s c r e p a n c e ..................................  15 0.228 0.015

+ i  .B ased  on a j  square  yard  a r e a .
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TABLE XII

ANALYSIS OF VARIANCE DATA FOR THE TRIBE CALOPSECTRINI
FROM LAKE CITY POND " B "

Type of Trap

Month 2 Y a rd i  Yard
1 Yard  Funnel  Funnel  j  Yard
Funnel  (sus-  on Tent

pended) Bottom

+ + +May ................................................................ 0.690 0.748 0.740 1.250

June ................................................................ 1.181 0.745 0.708 1.049

July  ................................................................ 1.146 0.755 1.176 0.939

August  ....................................................  0.000 0.041 0.000 0.322

S e p t e m b e r ................................................  0.176 0.114 0.301 0.041

Source  of D egrees  of Sum of Mean " F "
V aria t ion  F re e d o m  Squares Square Ratio

Total   19 3.651

T r a p s   3 0.151 0.050 1.724

Months   4 3.149 0.787 27.13**

D i s c r e p a n c e   12 0,351 0.029

+ Apri l  sample  contained no spec im ens .

++ 1B a se d  on a ^ square  ya rd  a r e a .
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T A B L E  XIII

ANALYSIS OF VARIANCE DATA FOR THE SUBFAMILY 
PELOPIINAE FROM LAKE CITY POND !,B "

Type of Trap

Month i  Yard i  Yard
1 Yard  Funnel  Funnel  \  Yard
Funnel  (sus-  on Tent

p ended) Bottom

April  .....................................................  0.439+ 0.000 0.397 0.000

May ......................................................... 0.097 0.053 0.053 0.209

June ......................................................... 0.053 0.137 0.209 0.301

July  ..................................................... 0.176 0.250 0.193 0.524

August  ................................................. 0.053 0.097 0.250 0.556

S e p t e m b e r .......................................... 0.000 0.000 0.000 0.512

Source  of Degrees  of Sum of Mean " F "
Varia t ion  F re e d o m  Squares Square Ratio

Total   23 0.751

T raps    3 0.212 0.070 2.26

Months   3 0.074 0.014 0.45

D i s c r e p a n c e   13 0.465 0.031

+ B a s e d  on a \  square  ya rd  a r e a .
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T A B L E  XIV

ANALYSIS OF VARIANCE DATA FOR THE FAMILY HELEIDAE
FROM LAKE CITY POND r'B 11

Type of Trap

Month 1 Yard
j  Yard 
F  unnel

j  Yard
F unnel j  Yard

F unnel ( su s ­ on Tent
pended) Bottom

May ...................................... 0 . 000 0 . 000 0 .000 0 .097

J u n e ...................................... 0 .097 0.053 0 .053 0 .589

J u.ly ...................................... 0 .086 0,000 0 .000 0.577

August ............................... 0 . 0 00 0 .000 0 . 000 0.053

Source  of Degrees  of Sum of Mean u p  11
V aria t ion F reedom Square s Square Ratio

T o tal .................................. 15 0 .553

T r ap s .................................. 3 0 .281 0 .093 5 .1 6 *

Tent vs. r e s t  . . . (1) (0.277) (0.277) (15.22**;

Within r e s t  . . . . (2) (0.00 4) (0 .002) (0.111)

Months ............................... 3 0 .108 0.0 36 2.00

D isc rep an ce  ................... 9 0.164 0 .0 18
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the fac t  that  the em erg en ce  of adult  in sec ts  of these  two taxonomic 

g roups  fol lowed a r a th e r  uniform pa t te rn  during the invest iga t ion.

At sta t ion  " a ' 1 in the Lake City r e s e r v o i r  and station III in 

Kellogg F o r e s t  pond ,T2 ,M the em erg en ce  f ro m  only two types of 

adult  t r a p s  w ere  co m p ared  by a ,ft TI te s t  of p a i re d  com par isons  

(Tables XV and XVI). The t e s t  is b a sed  on d ifferences  in the n u m ­

b e r s  of adult  in sec ts  em erg ing  into the two adult  t r a p s  during each  

sampling  p e r io d  when cap tu res  were  made.  Use was made of the 

sam e  lo g a r i th m ic  t r a n s fo rm a t io n  desc r ib ed  with the ana ly s is  of 

va r iance  data.

T here  was no signif icant  s ta t i s t ica l  difference between the 

funnel and ten t  t r ap  used  in sampling the em erg ing  adults of the 

t r ibe  Tendipedini at the Lake City r e s e r v o i r ,  s tation Ma . M The *11*T 

value of 1,65 with 17 deg rees  of f reed o m  indicates that we could 

expect  such a value between 10 and 20 p e rc en t  of the t ime by chance 

of sampling alone.

The * ft M value fo r  the funnel tent t rap  com par ison  of the 

em erg ing  adults a t  Kellogg F o r e s t  pond U2 , ,T station III, indica tes  

that  a highly sign if icant  s ta t i s t ica l  difference occu r red .  The TTt rr 

value which re su l ted ,  when the Tendipedini em ergence  in the funnel 

and ten t  t r a p s  was com pared ,  was 4.0 8 with 7 d eg rees  of f reed o m .
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T A B L E  XV

T,t TI TEST DATA FOR THE TRIBE TENDIPEDINI FROM
LAKE CITY RESERVOIR, STATION " a 11

Date F unnel 
T rap

Tent 
T rap

Tent-  
F unnel 

(X)

X =_ 
(X)-X

May 1 0 .90 3 0 .778 -0 .125 0.328
8 0 .477 0.954 + 0 .477 0.274

1 6 . • 0 .845 0 .699 -0 .146 0.349
21 0 .477 0 .845 +0 .368 0 .1 65
29 , 0 .000 0.602 +0 .602 0 .399

J une 5 0 . 000 0.903 +0 .903 0.700
1 2 0 .699 0.60 2 -0 .097 0.300
19 , 0.301 0.903 +0..602 0.399
26 0 .000 0.954 +0 .954 0.751

J illy 3 0 .60 2 0.477 -0 .125 0.328
10 0 .000 0.30 1 +0,.301 0 ,098
1 7 0 .000 0 .845 +0 .845 0.642
24 , 0.90 3 0.477 -0 .425 0.628
31 0 .60 2 0 . 000 - 0 ..602 0 .80 5

A u g . 1 4 0.30 1 0.602 +0,.301 0 .098
28 0 .602 0 . 000 -0 .602 0 .80 5

Sept. 4 0 .000 0.301 +0 .301 0 .098
1 1 0 .477 0.602 +0 .125 0 .078

X = 0.203.
2

s = 0.276.
2

SX = 0.015.

SX = 0.123.

t = 1.65 with 17 d eg rees  of f reedom . 

P ro b a b i l i ty  < 0.20.
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T A B L E  XVI

,ft M TEST DATA FOR THE TRIBE TENDIPEDINI FROM 
KELLOGG FOREST POND T,2 , "  STATION III

Date F  unnel 
Trap

Tent 
T rap

Tent-  
F unnel 

(X)

X =_ 
(X)-X

May 3 ........................... ................... 0.176 0.000 -0.176 0 .789
1 7 ........................... ................... 0.176 0.477 +0.301 0.312
3 1 ........................... .................... 0.000 1.255 +1.255 0.642

J une 2 8 ........................... .................... 0.000 0.699 +0.699 0.086

J uly 1 2 ........................... ................... 0.398 1.279 +0.881 0 .268
2 6 ........................... ................... 0.544 1.342 +0.789 0.176

Aug. 9 ........................... ................... 0.788 1.380 +0.602 0.011
2 3 .......................... ................... 0.398 0 .954 + 0.556 0.057

X = 0.613.

s 2 = 0.178.

2
SX = 0.022.

SX = 0.15.

t =■ 4.0 8** with 7 d eg rees  of f reedom . 

P ro b a b i l i ty  <  0.01.
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We m igh t  expec t  such a high , l t tr value to occur  na tu ra l ly  le s s  than

0.1 p e r c e n t  of the t ime in such a population. Kellogg F o r e s t ,  s tat ion 

111, was the only locat ion where a s ignif icant  s ta t i s t ica l  difference 

ex is ted  when the funnel and tent t r ap s  were  used to captu re  e m e r g ­

ing adults  of the t r ibe  Tendipedini.

In com par ing  the sex rat io obse rved  among cap tu red  Calop­

s e c t r in i  adults  with the hypothetical  even sex ra t io ,  highly signif icant  

d e p a r tu r e s  w ere  r e c o rd ed  fo r  each of the months except  Septem ber ,  

when the ra t io  was a lm o s t  exactly even (Table XVII). Since h e t e r o ­

geneity of sex  ra t io f ro m  month to month was dem ons t ra ted  (see 

below) any co m p ar i so n  b a se d  upon grouped data seem s m ean ing less  

b io lo g ica l ly .

Test ing  fo r  homogeneity of sex ra t io  f rom  month to month 

indica ted  a highly signif icant  degree  of he te rogeneity  (ch i - square  of 

113.8, 4 d e g re e s  of f reedom ).  Since the sex  rat io during Septem ber  

was even as opposed to an excess  of fem ales  in each of the other  

m onths,  the S ep tem ber  data w ere  removed,  and a te s t  of homogeneity 

made fo r  the o ther  four months .  This t e s t  indicated that a highly 

signif icant  degree  of he te rogene i ty  rem ained  (ch i- square  of 70.6,

3 d e g re e s  of f reedom ).
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T A B L E  XVII

CHI-SQUARE DATA FOR THE TRIBE CALOPSECTRINI

Month F y  E x - Chi- Males Chi-
m a le s  pec ted  square  pected  square

Te s_t_fo_r__5_0j_50 Ratio

May   971 581 261.8 190 581 261.8
June ..........................  392 290 35.9 187 290 35.9
July   727 488 117.0 249 488 117.0
August    431 261 110.7 90 261 110.7
S ep tem ber  . . . .  44 46 0.0 47 46 0 .0

T e s t fo r  Homogeneity

May   971 894 6 . 6  190 266 21.7
June   392 446 6.5 187 133 21.9
July  ........................... 727 752 0.8 249 224 2.8
August    431 406 2.1  90 119 7.1
S ep tem ber  . . . .   44  67 7.9  47  21 36.4

T o t a l s   2565 2565 763 763

(total C h i - sq u a re  = 113.8** 4 d eg rees  of freedom)

Test  f or  Ĥomogene i ty (Minus September)

May   971 904 4.9 190 257 17.5
June   392 451 7.7 187 128 27.2
Ju ly    727 760 1.4 249 216 5.0
August  ................... _431_ _40 6 1.5  90 _JH5 5.4

T o t a l s   2521 2521 716 716

(total C h i - sq u a re  = 70.6** 3 d eg rees  of freedom)
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It m ay be concluded,  th e re fo re ,  that  the sex ra t io s ,  a t  l e a s t  

as r e v e a le d  by these  cap tu red  in sec ts ,  depar ted  f rom  equal n u m bers  

of m a le s  and fe m a le s  in the months of May through August, but not 

in S ep tem ber ,  and fu r th e r ,  sex  ra t io s  differed  among the months 

May th rough  August .



DI SCUSSI ON

E a r ly  obse rva t ions  indicated  that the n u m e r ic a l  d is tr ibu tion  

and seasona l  va r ia t ion  of the various  in sec t  groups provided ideal  

c r i t e r i a  fo r  the co m p ar iso n  of different  in sec t  t rapping devices.  The 

b io logical  o b se rva t ions  not  only provided the n e c e s s a ry  analyt ical  

data needed  fo r  co m par ison  of the trapping devices but also con­

tr ibu ted  to the knowledge of pond biota.

The fam ily  Tendipedidae was the m os t  num erous  in sec t  group 

r e p r e s e n te d  in the sam ples  as well as the m o s t  useful group for  

co m p ar iso n  of the var io us  t rapping techniques.  The spec ies of the 

tr ibe  Tendipedini w ere  e spec ia l ly  valuable in the study of em ergence  

p a t t e rn s  and in provid ing  s ta t i s t ica l  data. This t r ibe  was r e p re s e n te d  

by th i r ty  d if fe ren t  spec ies  but  it was apparen t  that  many of these 

spec ies  could be grouped  toge ther  in a considera t ion  of the ir  a c t iv i ­

t ies  in the ponds.  At all of the sampling a r e a s  there  were  c e r ta in  

spec ies  which n u m e r ic a l ly  dominated  the benthic communit ies  and 

o the r  spec ie s  which w ere  only occasionally  identif ied f ro m  the s a m ­

p le s .  An exce llen t  example  of this  phenomenon was p re s e n t  in Lake 

City pond 1'C 11 w here  Tendipes s taeg e r i  was the p redom inan t  spec ies 

and T. b ru n n e ip e n n is , C ryp toch i ro n omus fulvus, C. digi ta tus,  and

112
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H arn i^ch ia  y i r idul u s w ere  only occasionally  p r e s e n t  in the sam ple s .  

The p r e d o m in a n t  spec ies  in a pond w ere ,  a lm os t  without exception, 

spec ie s  of the genus Tendjjpes. This indicated that the ecological  

conditions a s s o c ia te d  with the ponds where this group was p r e d o m ­

inant w ere  idea l  fo r  the development of the egg and la rv a l  s tages .

S eve ra l  of the spec ie s  of midges identif ied in this study, such 

as Tendipes p lum o s u s and T. t e n ta n s , have been cons idered  as ind i­

c a to r s  of pollut ion.  The stations where these species were  r e c o v e re d  

in this  s tudy w e re  c h a r a c te r i z e d  by deposits  of high organic m a t te r  

but po lluted conditions w ere  not p re s e n t .  The conditions outlined 

by Gaufin and Tazwell (1952) might  ve ry  well apply to these  spec ies .  

They c o n s id e re d  the c r i t e r i a  for  de te rm in ing  pollution not to be r e ­

f lec ted  by the absence  o r  p re sen ce  of a c e r ta in  species but r a th e r  

by the com posite  b iota of the a re a .

The length  of life cycle as well as the num ber  of genera t ions  

p e r  y e a r  showed g r e a t  va r ia t io n  among the species of the tr ibe  

Tendipedini .  It was evident that  each  species  had a definite life 

cycle p a t t e r n  and tha t  this pa t te rn  rem ain ed  cons is ten t  for  the sp e ­

c ies  a t  d if fe ren t  geograph ica l  loca t ions.  This is i l lu s t ra te d  by a 

spec ie s  such as Glygtotendipes pa r ip ep ,  which was num erous  in both 

the Lake City and Kellogg F o r e s t  ponds. This was a spec ies which
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developed, slowly and completed  only a single genera t ion  a yea r  at 

both lo ca t io n s .  T endip e s b ranne ipenm s was a spec ies which c o m ­

p le ted  the t r a n s i t io n  f ro m  the egg to adult in a very  sho r t  per iod  

of t im e .  These  data indicate that  the p r e s e n c e ,  as well as the a c ­

t ivity,  of the spec ie s  of the tr ibe  Tendipedini was dependent upon a 

com plex  a s so c ia t io n  of ecological  f a c to r s  such as w a te r  depth, w a te r  

t e m p e r a t u re ,  available  food supply, type of bottom deposit , and the 

su rrounding  t e r r e s t r i a l  environment.

The data ind icated that the em ergence  p a t te rn s  of individual 

spec ies  as well as  for  the tr ibe  Tendipedini as a whole could be 

p re d ic ted  equally well  by the use of e i the r  the im m atu re  adult s a m ­

p le s .  This was poss ib le  only when the im m atu re  fo rm s  w ere  s a m ­

pled to the sam e  degree  as were  the adults.  When the population is 

com posed  of sm all  spec ies the s c re e n s  and techniques used in s a m ­

pling the im m a tu re  groups m u s t  be adjusted  accordingly.  In the Lake 

City ponds w here  the tr ibe  Tendipedini  was composed of both l a rg e  

and sm al l  spec ie s  i t  was im poss ib le  to get a com parab le  p ic tu re  of 

the em e rg en c e  p a t t e rn  f ro m  the two different  sampling techniques.

In the Kellogg F o r e s t  ponds where the population was composed p r i ­

m a r i l y  of l a rg e  tendipedid species the adult and la rv a l  curves  ap p ro x ­

im a ted  each  o the r  very  close ly .
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T here  a p p ea red  to be no signif icant  s ta t i s t ica l  difference in 

the sampling  of the em erg ing  adults  of the tr ibe Tendipedini with 

the funnel  and tent  t rap  when used in this pond in sec t  invest igat ion.  

This in fo rm a t ion  denotes that  when the pupae of this  group a re  ready  

to move to the su rface  they will do so equally well by moving up the 

sides of the funnel and em erg ing  into the j a r  as they do by m igra t ing  

d i rec t ly  to the su rface  and em erg ing  into the tent  t rap .  The s e m i ­

d a rk n ess  in the funnel t rap  had no apparen t  effect on the num ber  of 

midges  em erg ing  into the j a r .  P e rh a p s  the reason  for  this is that

adult  m idges  a re  p r im a r i l y  noctu rna l  in th e i r  ac t iv i t ies  and are  thus

not a d v e r se ly  affected by the subdued light  in the funnel t r a p s .

There  w ere  m ore  adult  C a lopsec tr in i  specim ens identif ied 

f ro m  the sam ples  than any other  group. The tr ibe C alopsec tr in i  

was poor ly  r e p r e s e n te d  in the im m atu re  sam ple s .  The reason  fo r  

the poor  r e p re s e n ta t io n  of im m a tu re  fo rm s  of this  group was due to 

the sampling  technique followed. It is su rp r is in g  to note that this 

group of m idges ,  which was ex t rem e ly  num erous  in all of the s a m ­

pling a r e a s  stud ied  during this  inves t iga t ion ,  has not been rep o r ted  

by b io log is ts  who have studied s im i l a r  habita ts .  It is reasonable  

to a s su m e  tha t  the la rv a e  of this group may very  well play an i m ­

p o r ta n t  p a r t  in pond ecology.
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The m o s t  in te re s t in g  phenomenon connected with the tr ibe  

Calop sec t r in i  was the deviation f ro m  the 50:50 m a le - fem a le  sex 

ra t io .  It was d e te rm in e d  that  there  was a highly signif icant  d i f fe r ­

ence between the m a le - fe m a le  sex ratio encountered  in this group 

and an expec ted  50:50 ra t io .  It was also de te rm in ed  that  this  sex  

ra t io did not r em a in  cons tan t  f ro m  month to month. There  was an 

indicat ion tha t  the sex  ra t io fo r  those adults cap tu red  during Sep tem ­

b e r  did conform  to the 50:50 ra t io .  No sa t i s fac to ry  explanation was 

found fo r  th is  ve ry  in te re s t ing  phenomenon.

W here  both the funnel and tent t rap  were  employed to sample  

em erg in g  C a lo p sec t r in i  adults  th e re  was no signif icant  difference  in 

nu m b er  of spec im ens  cap tu red  by the two types of t r a p s .  It ap pea red  

that  b e cau se  of th e i r  sm all  size the adult  t rapping devices were  ideal ly 

su i ted  fo r  sampling  of the adults  of the tr ibe  Calopsec tr in i .  It seem s  

reasonab le  to a s su m e  that,  with a modificat ion of some of our s a m ­

pling techniques as well as a concen tra ted  study of this group, a 

valuable contr ibu tion  might  ve ry  well resu lt .

All of the spec ie s  of the subfamily Pe lopiinae  identified in 

this  study have been r e p o r te d  as being predacious  feed ers  in the 

l a rv a l  s tage .  Since this is the case  we might expect  to find the l a r ­

vae of this  group d i s p e r s e d  among the la rvae  of the subfamily
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Tend.iped.inae which would se rve  as food fo r  the Pelopiinae  la rvae .  

This was exactly  the condition which o c c u r re d  in all of the ponds 

with the exception  of Kellogg F o r e s t  pond Ml . ir In this pond the in ­

sec t  populat ion was a lm o s t  complete ly r e s t r i c t e d  to Pelopiinae  sp e c i ­

m ens .  The re a so n  fo r  the p redom inance  of Pe lopiinae  specim ens in 

Kellogg F o r e s t  pond , f l rt was not a sce r ta in ed .  It was quite poss ib le  

that  the Pe lop iinae  dominance was in some way c o r re la te d  with the 

dense S p iro g y ra  s p . deposi ts  which f i l led  the pond during the s u m m e r  

m o n th s .

The e m e rg en c e  p e r io d  of adult Pe lopiinae  specim ens  was gen­

e ra l ly  m uch longer  than fo r  other  groups of m idges .  The em ergence  

of Pe lop i inae  adults  was sam pled  equally well with the use of e i ther  

the funnel o r  ten t  t r a p .  The fam ily  Heleidae was the only taxonomic 

group sam pled  in which the re  appeared  to be a s ignif icant  d ifference 

in the n u m b er  of adults  cap tu red  by the funnel and tent t rap .  The 

data ind ica ted  that  the hele id  adults  em erg ed  m ore  readily  into the 

tent  t r a p s  than into the funnel t r ap s .  This apparen t  difference in the 

n u m b er  of adults  cap tu red  by the two types of t rap s  was based  on a 

re la t iv e ly  sm all  heleid  em ergence  and no plausible explanation was 

discove r e d .
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N e i th e r  the funnel n o r  tent t r ap s  were  complete ly  successfu l  

in quan ti ta t ive ly  sampling em erg ing  E p h e m e ro p te ra  adults .  Usually 

when an e m e rg e n c e  of mayfly adults  o c c u r red  in the t rap s  only a 

re la t iv e ly  sm a l l  n u m b er  would complete the subimago stage and em erge  

as  t ru e  adu lts .  Since it is im poss ib le  to make species  de te rm ina t io ns  

on the subimago stage,  a t rue  p ic tu re  of the mayfly em ergence  could 

not be a s c e r t a in e d .  There  w ere  always sufficient t rue  mayfly adults  

fo r  making a quali tat ive study of the group.

The adult  t rapping  devices ut i l ized in this invest igat ion s u c c e s s ­

fully sam pled ,  fo r  quali tat ive pu rp o ses ,  all of the aquatic  in sec ts  

which e m e rg e  f ro m  th e i r  pupal skin at  the surface  of the w a te r .  The 

t r a p s  w ere  equally as successfu l  in quanti tatively sampling the aquatic  

in se c t  fauna with the exception of the mayfl ies  and he leids.  P e rh a p s  

the m o s t  s ignif icant  a t tr ibu te  of the adult  sampling technique fo r  

studying the aquatic  fauna is the ease  in c la ss i f ica t ion  of adult  f o rm s .



SUMMARY AND CONCLUSIONS

1. A co m p ar iso n  of sampling techniques for  adult  and i m ­

m a tu re  in s e c t s  was conducted at  two locations in Michigan.

2. Adult and bottom deposit  samples  were  taken f ro m  eight 

ponds and a r e s e r v o i r  a r e a  over a tw o-yea r  period .

3. The quantitat ive and qualitative d is tr ibutions  including 

seasona l  va r ia t ions  of the in sec t  population were  used in the c o m ­

p a r i s o n  of t rapping techniques.

4. There  were  four o rd e r s  of in sec ts  identif ied f ro m  the adult 

s am p les  with the o r d e r  D ip te ra  responsib le  fo r  99.3 p e rc en t  of the 

em erg in g  in se c t s .

5. The tr ibe  C a lo psec tr in i  was the m ost  num erous group in 

the adult s am p les ,  but because  of th e i r  small  s ize,  few la rvae  were 

rem oved  f ro m  the bottom deposit  sam ple s .

6. The t r ibe  Tendipedini was well r e p re sen te d  in sam ple s  of 

both  adult  and im m a tu re  stages and proved  to be the m o s t  useful 

taxonomic group fo r  com par ison  of sampling techniques.

7. C e r ta in  spec ies  of the tr ibe  Tendipedini such as Tendipes 

s taege r i ,  T. dec o rus ,  T\ plumo su s , T . b runneipenn is , T. a t r e l la ,  and 

Glyptotendipes p a r ip e s  w ere  consis ten tly  p r e s e n t  in la rge  num bers

119
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when they w e re  r e p r e s e n te d  in a pond. There  were  o ther  species  of 

the t r ib e  Tendipedini  which were  cap tu red  only occasionally  during 

the inves t iga t ion .

8- All of the spec ie s  s tudied appea red  to be governed by a 

com plex  se t  of ecological  conditions such as depth of w a te r ,  fe r t i l i ty ,  

and bottom deposit  composition.

9. There  was cons iderab le  varia t ion  among the spec ies in the 

length of em e rg en c e  pe r iod  and the num ber  of genera t ions produced 

during the sampling  in te rva l .

10. In Kellogg F o r e s t  pond TT2 ,M Tendipes de c o rus, T. tu x i s , 

and T. a t r e  11a effectuated  a complete life cycle between Apri l  3 and 

May 31, and a second em ergence  of these  same species o c c u r red  

six weeks l a t e r .

11. Kellogg F o r e s t  pond tT2 n was a new pond and the init ial  

in se c t  populat ion was composed en ti re ly  of midges.  These midges  

w ere  e x t r e m e ly  nu m ero u s  in the ea r ly  sam ple s ,  but as  p redacious  

in sec ts  moved into the pond the midge population steadily declined.

A com ple te  study of in sec t  su ccess io n  in Kellogg F o r e s t  pond n 2 tT 

was conducted between Apri l  4, 1953, when the ice cover m elted ,  

and N o v em b er  7, 1953.
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 ̂^ ■ The adult m idges of the tr ibe  C alopsec tr in i  were  r e p r e ­

sented  in the sam ple s  by 80 p e rcen t  female  spec im ens .  In the tr ibe

C a lo p se c t r in i  unequal n u m b ers  of m ales  and fem a les  appeared  in the 

months of May through August, but not in September.  It was fu r th e r  

concluded tha t  the sex ra t io differed  among the months May through 

A u g u s t .

13. The tent  and funnel t rap s  were  equally successfu l  in m a k ­

ing a quantitat ive  and quali tative es t im ation  of all taxonomic groups 

sam pled  during the study with the exception of the heleid adults.

There  was no signif icant  difference in the num ber  of insec ts  cap tu red  

when suspended funnels were  com pared  with funnels p laced on the 

pond bottom.

14. A highly signif icant  difference existed  when the tent  t rap

was co m p ared  with the funnel t r ap s  fo r  sampling heleid adults .  The

spec ies  of the fam ily  Heleidae were  consis tently  m ore  num erous  in 

the tent t r ap  sam ples .

15. The adult  t rapping devices were adequate for  making qua l­

i tat ive  examination  of the Epheme ro p te ra  population. The reason  that 

the adult  t r a p s  fa i led  to produce accura te  quantitative resu lt s  was 

that  only p a r t  of the subimago specim ens would em erge  as t rue  

adults  and these  subimagos could not be identif ied to species .
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16. When the adult and im m atu re  in sec t  populations in a pond 

w ere  sam pled  to the sam e degree  the em ergence  p a t te rn s  of ind ivid­

ual spec ie s  and h igher  taxonomic groups could be p red ic ted  equally 

as  well with the adult  in sec t  sam ples  as with the conventional bottom 

deposit  s a m p le s .
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P la te  I

The tent  and funnel t r a p s  used  in the study of em erg in g  adult  
in se c ts  .

The th ree  sec t ions  of the tent  t rap

P la te  II

Tent  t r ap  in place at  sampling  station.

P l a t f o r m  on which tent  t r ap  r e s t s .

P la te  III

Complete  funnel t r ap  with two quar t  j a r  in place .

E n la rg e d  view of j a r  with inverted  paper  cup in posi t ion.
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