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Abstract 

A comparison was made between i n s e c t s  found i n  t he  

water column and those found i n  t h e  d i f f e r e n t  a reas  of the  
i I 

stream subs t ra te .  'he subs t ra t e  may be divided i n t o  d i f f e r e n t  

h a b i t a t s  according t o  the  speed of t h e  current  over it. 

The cur rent  will usual ly  pick up animals i n  an a rea  with 

f a s t  cu r ren t ,  and dump them i n  a  slow area ,  so t h e  d r i f t i n g  

animal i s  c a r r i e d  from one h a b i t a t  t o  another, Sampling 

t h e  i n s e c t s  in t he  s u b s t r a t e  of t h e  d i f f e r e n t  habi$ats,  

and those found i n  t he  cur rent ,  revealed t h a t  t h e  i n s e c t s  

most l i k e l y  t o  be found d r i f t i n g  a r e  those l i v i n g  i n  the 

l a r g e s t  number of subs t ra te  hab i t a t s .  

D r i f t  can be explained i n  evolutionary terms; those 

whose s p e c i f i c  h a b i t a t s  would be l o s t  i f  they d r i f t ed ,have  

evolved s o  they a r e  almost never washed downstream, 

Those t o  whom d r i f t i n g  i s  not such a disaster ,  i n so fa r  a s  

they w i l l  be a l l  r i g h t  when deposited,  d r i f t  t o  a  small 

extent .  Dr i f t ing  w i l l  harm them too;as t h e y s e  more 

l i k e l y  t o  be preyed on i n  the  cur rent ,  and it is time wasted, 

These two fac to r s  keep t h e  d r i f t  r a t e s  small f o r  everything. 

Since the  mior-Q hab i t a t  s a r e  n o t  - 

constant  i n  one general h a b i t a t ,  t h e  r e s u l t s  do not ind ica te  

anything about t h e  - microhabi ta t  of the  i n s e c t s  t h a t  do, or  

d o n t t , d r i f t ,  E i ther  t h e  d r i f t i n g  animals are  f l e x i b l e  inmicro- 

h a b i t a t  choice, o r  t h e i r ;  microhabi ta t  can be found i n  

a  v a r i e t y  of d i f f e r e n t  cur rents ,  
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Rela t ive ly  l i t t l e  i s  known about t h e  ecology of 

s t reams,  Limnologists have s tud ied  lakes,much more extensively,  

though streams a r e  the more permanent geologiczl  h a b i t a t .  

(Hynes 1970) As a r e s u l t  any new phenomenon observed i n  

streams i s  eagerly examined a s  poss ib ly  e luc ida t ing  a new 

p r i n c i p l e  by which streams may be understood, Such a 

phenomenon i s  t h e  d r i f t  downstream of  benthic stream in-  

v e r t e b r a t e s ,  p r imar i ly  i n s e c t  imrnatures. 

D r i f t  has been demonstrated by many workers (Anderson 

1967, Bailey 1966, E l l i o t t  1968, Ninshal & Winger 1968, 

Waters l968)..  E l l io t t (1967)  d i d  not f i n d  any increase  i n  

d r i f t  wi th  spa te  condi t ions  of increased water flow i n  the  

stream. I n  general ,  however o the r  workers d i d  f i n d  increased 

d r i f t  dur ing  s p a t e s  (Waters 1972). T h i s  d r i f t ,  termed 

ca tas txophic  d r i f t ,  i s  considered q u i t e  d i f f e r e n t  f r o m  

t h e  b e h a v i o r a l ' d r i f t  which occurs a l l  t h e  t ime, with lows 

dur ing  t h e  winter ,  and during day l igh t  hours .  Waters (1961) 

noted that t h e r e  w b s  very l i t t l e  d r i i t  i n  t h e  winter.  Most 

workers who reported t h e  ex is tence  of d r i f t  reported t h a t  

i t  occurred a f t e r  dark,  with peaks j u s t  a f t e r  dusk and 

just before  dawn (waters 1962, Anderson, 1967, E l l i o t t  n 

1965) 

It seems l o g i c a l  t h a t  a n i a a l s  l i v i n g  i n  t h e  stream 

bottom cont inual ly  subjec t  t o  t h e  cur rent  would occasionally 

g e t  swept away by it. I n  f a c t  it i s  remarkable t h a t  t h e  

animals i n  the stream bottom can s t a y  the re  a t  a l l .  How- 

ever t h e  s i t u a t i o n  i s  not q u i t e  a s  simple a s  it might 

seem. Arnbtihl (1959) i l l u s t r a t e d  t h a t  the re  e x i s t s  a 



boundary l a y e r  of water t h a t  i s  tu rbu len t  but without current .  

This l a y e r ,  which i s  r i g h t  a t  t h e  bottom of t h e  stream on 

t h e  rocks,  i a  t h i c k  enough s o  t h a t  animals might be 

completely pro tec ted  from current  ac t ion  by it. It i s  

severa l  mi l l imeters  t h i c k  almost everywhere, wi th  even 

bigger pro tec ted  a reas  behind rocks and  long t h e  bznks 

of t h e  stream. Steinmann ( i n  Hynes 1970) l ists adaptat ions  

which stream dwel le rs  exhib i t .  Some a r e  f o r  c l i n g i n g  and 

s tay ing  i n  one p lace  i n  s p i t e  of t h e  cur rent ,  some are t o  

squirm down between t h e  rocks t o  g e t  away from t h e  cu r ren t ,  

and soEe a r e  f l a t t e n i n g  which has var ious ly  been i n t e r p r e t e d  
1 

a s  f o r  s t ay ing  within t h e  boundary l a y e r  on t o p  of' rocks,  

o r  f o r  s l i d i n g  inbetween them. It could be f o r  both,  s ince 

t h e r e  a r e  aniruals, e s p e c i a l l y  those t h a t  d r i f t ,  t h a t  are 

hidden froc, l i g h t  during t h e  day, and then come out  t o  

t h e  t o p s  of rocks  a t  night .  s i n c e  an ecologica l ly  important 

boundary l a y e r  does e x i s t  t h e  evolutionary adapta t ions  of 

animals t o  t h e  cu r ren t  would be i n  terms of t h e  boundary 

layer .  

Ani.xals l i v i n g  i n  t h e  bottoms of streams a r e  adapted 

t o  s t a y  the re .  The exis tence of a boundary l a y e r  of 

c u r r e n t l e s s  water makes condi t ions  l e s s  s t r i n g e n t  than 

it would seem a t  f i rs t .  So why does d r i f t  occur a t  a l l ?  

A c e r t a i n  amount of  d r i f t  can be accounted f o r  by t h e  i n -  

a b i l i t y  of l e s s  f i t  animals t o  avoid being c a r r i e d  off by 

t h e  cur rent .  But t h e  number o f  animals caught i n  d r i f t  

n e t s  were thought too  g rea t  t o  be acc identa l  behavior of 

a minority of ind iv iduals .  Waters (1966) compared t h e  

nuuber of ind iv idua l s  caught i n  a d r i f t  ne t  t o  a square 



foot  bottom sample taken under t h e  ne t .  (The sampler 

was u Surber sampler.) H e  found t h a t  t h e r e  were f a r  

more i n s e c t s  i n  t h e  d r i f t  n e t  than i n  the  square f o o t  

sample. From t h i s  he concluded t h a t  the re  were f a r  more 

i n s e c t s  d r i f t i n g  than could be a t t r i b u t e d  t o  t h e  physical  

act ion of t h e  cur rent .  He thought it nust be a behavioral  

response t o  something. 

E l l i o t t  d id  not agree with kJaters, ( E l l i o t t  1968) 

He compared t h e  amount of d r i f t e r s  t o  the  volume of water 

t h a t  passed through t h e  ne t .  Nhen looked a t  t h i s  way 

r e l a t i v e l y  few animals a r e  d r i f t i n g  a t  any one time. The 

highest  percentage of animals found t h e  water column 

was a t  n ight  when 0.11% of t h e  bottom fauna were ca lcu lz ted  

t o  be i n  t h e  water column. Though t h i s  i s  a l a r g e  number 

of ind iv idua l s ,  it i n d i c a t e s  t h a t  d r i f t i n g  i s  a minor event 

i n  t he  general  population of benthic  insec t s .  Yet t h e  

number of d r i f t e r s  i s  high enough t o  ind ica te  t h a t  d r i f t i n g  

i s  not a severely de t r imenta l  t h i n g  t o  happen t o  an insec t .  

If it were those i n s e c t s  t h a t  never d r i f t e d ,  and were 

b e s t  adapted t o  never be d i s tu rbed  i n t o  the  cu r ren t  would 

be the  ones whose reproduction would be g r e a t e s t .  Their  

hold-fast  t r a i t s  would be passed on t o  f u t u r e  generations.  

Then now, a f t e r  much evolut ion,  t h e r e  would be very l i t t l e  

d r i f t .  'his i s  not t h e  case. Apparently d r i f t i n g  is not 

a l l  t h a t  detr imental  t o  t h e  ind iv idua l  s ince  a  s i g n i f i c a n t  

amount of d r i f t  occurs,  It could be t h a t  under c e r t a i n  

condi t ions  an ioa l s  a c t i v e l y  detach themselves and d r i f t ,  

o r  it could be t h a t  d r i f t  i s  the  acc identa l  r e s u l t  of 

separate  behavior. s i n c e  it i s  not t h a t  t e r r i b l e  of 8 



t h ing  t o  happen t o  an i n s e c t  a s  f a r  as su rv iva l  goes, it 

would not  be e spec ia l ly  avoided if othe r  behavior was 

d e s i r a b l e  t h a t  might r e s u l t  i n  d r i f t .  Desirable i s  meant 

i n  t e r n s  a s  t h e  b e s t  th ing  t h a t  t h e  animal can do a s  f a r  

a s  t h e  passing h i s  genes on t o  the  l a r g e s t  number of 

super ior  o f f s p r i ~ g .  So d r i f t  could be an ind ica t ion  of 

o the r  behavior. 

It i s  i n  t h i s  context t h a t  d r i f t  could r evea l  

p r i n c i p l e s  r e l a t i ~ g  animal behavior t o  var ied condi t ions  

i n  strezms. The d a i l y  p a t t e r n  of d r i f t  was t h e  first 

c lue  t h a t  d r i f t  i s  an i n d i c a t o r  of something. Prom t h e r e  

it remained t o  f i n d  out what. D r i f t  samples could be 

examined t o  see if t h e r e  i s  any homogeneity t o  what d r i f t s .  

It was found t h a t  c e r t a i n  animals a r e  more l i k e l y  t o  be 

found i n  d r i f t  samples than o t h e r s  (Hynes 1970, E l l i o t t  

1967 and others) .  Full-grown nyinphs were most l i k e l y  t o  

be found i n  d r i f t  n e t s ,  though o the r  s t ages  wcrg 

found ( E l l i o t t  1967). Most i n s e c t s  found i n  t h e  benthos 

were a l s o  found t o  d r i f t ,  though some were more f requent ly  

f o ~ n d  i n  d r i f t  than o thers  i n  a way t h a t  var ied  independentJy 

of t h e  frequency of the  animal i n  t h e  benthos ( E l l i o t t  

1967) 

That t h e  full-grown nymphs a r e  most of ten found i n  

d r i f t  n e t s  can  be explained by t h e i r  s i z e .  g ince they a r e  

t h e  l a r g e s t  animals  the^ w i l l  have t h e  hardest  time s tay ing  

i n  t h e  boundary l aye r .  The d a i l y  rhytb and d i f f e r e n t i a l  

frequency of d r i f t e r s  can be explained e i t h e r  by concluding 

t h a t  some aniitlals a c t i ve ly  d r i f t  a t  c e r t a i n  t imes,  o r  t h a t  

some o t h e r  behavior of c e r t a i n  anifrials makes them susept ib le  



t o  d r i f t .  "here must a l s o  be some a s  y e t  unrevealed reason  

why t h i s  behav io r  takes p lace  mainly a f t e r  dusk and before  

&awn. Many s t r eam i n s e c t s  a re  nega t ive ly  p h o t o t r o p i c  

(Chaston 1967, Hynes 1970, E l l i o t t  196'7). They come o u t  of the 

c r e v i c e s  a t  night t o  feed e i t h e r  on a l g a e  growing on 

sun-exposed r o c k s ,  o r  on t h e  an imals  t h a t  f e e d  there. So 

it cou ld  be t h a t  just B f t e r  dusk and j u s t  b e f o r e  dawn i s  

the time that the i n s e c t s  are making t h e  biggest move. 

Not o n l y  will t h e y  be moving around more t h e n ,  b u t  they 

w i l l  have t o  be a d a p t i n g  t o  new c u r r e n t  c o n d i t i o n s .  Per-  

haps it t a k e s  them scme t i m e  t o  a d j u s t  t o  h o l d i n g  on more 

t i g h t l y ,  o r  c rouch ing  lower t o  a v o i d  the c u r r e n t  o r  

r e s i s t  it. T h i s  i s  a l o g i c a l  e x p l a n a t i o n  f o r  d r i f t ;  others 

have been proposed  t h a t  look a t  it i n  t e rms  of t h e  e n t i r e  

stream i n s t e a d  of  i n d i v i d u a l  behav io r .  

One of  t h e  first explanations of drift was t h a t  it was 

part of a c o l o n i z a t i o n  cyc le .  (Mliller i n  E l l i o t t  1967) 

More eggs would be l a i d  upstream; t h e n  as it g o t  crowded 

enough i n s e c t s  would d r i f t  downseream t o  even ly  p o p u l a t e  

t h e  stream. E l l i o t t  (1967) did t e s t s  which would seem to 

d i s p r o v e  t h i s  h y p o t h e s i s .  He t o o k  S u r b e r  samples  a t  

s eve ra l  p laces  a l o n g  a  s t ream over  a y e a r  and found t h a t  

t h e  upper  a reas  were i n  no way depopu la ted  a s  t h e  season 

wore on. F o r  R U l l e r t s  h m o t h e s i s  t o  h o l d  t h e r e  would have 

t o  be l a r g e  numbers of a n i x a l s  d r i f t i n g  t o  d i s t r i b u t e  up- 

stream insects. E l l i o t t  d id n o t  obse rve  t h i s .  A further 

c o n d i t i o n  n e c e s s a r y  for c o l o a i z a t i o n  i s  t h e  upstream 

migra t ion  of a d u l t s .  I'he evidence  of t h i s  i s  n o t  even 

worth ment ioning  f o r  it i s  s t a t e m e n t s  such a s  twen ty  a d u l t  



mayflies observed head ing  upstream. E l l i o t t  (1967) found 

no p a t t e r n  of upstream m i g r a t i o n  i n  mayf l ies .  He concluded 

t h a t  any t h a t  i s  obse rved  c o u l d  be  diie t o  t h e  wind p a t t e r n s  

i n  t h a t  p a r t i c u l a r  r i v e r  v a l l e y ;  it i s  n o t  a n y t h i n g  t h a t  

i s  s i g n i f i c a n t .  So t h e  c o l o n i z a t i o n  t h e o r y  of  d r i f t  must 

be d i s c a r d e d .  

Na te r s  (1966) hypoth@ized a  c o r r e l > s t i o n  between 

drift and p r o d u c t i v i t y  of  t h e  s t ream.  He t h o u g h t . + t h a t  

d r i f t  i n c r e a s e s  when t h e  s t r e a m . b o t t o m  becomes crowded. 

m e  mechanism b = ~  which t h i s  happens cou ld  be e i t h e r  a 

v o l u n t a r y  l aunch ing  i n t o  t h e  c u r r e n t ,  o r  a j o s t l i n g  crowd 

i n  which some members were knocked o f f  i n t o  t h e  c u r r e n t  

by o t h e r s .  "h ichever  e x p l a n a t i o n  he ld ,  d r i f t  would i n d i c a t e  

dense  bottom fauna .  T h i s  would be  an easy  wag t o  compare 

t h e  p r o d u c t i v i t y  o f  d i f f e r e n t  s t r eams ,  But ,  once aga in ,  

X l l i o t t ' s  f i n d i n g s  d i s a g r e e d  w i t h  t h o s e  of  Waters ,  He 

found no r e l a t i o n  between bottom d e n s i t y  and d r i f t  d e n s i t y .  

( E l l i o t  1367) B e  s u g g e s t e d  t h a t  t h i s  would always be t h e  

c a s e  i f  d r i f t  samples  were c o r r e l a t k d  with t h e  

water t h a t  f lowed t h r o u g h  t h e  n e t .  Looked a t  i n  t h i s  

wag t h e  pe rcen tabe  o f  d r i f t i n g  animals  i s  s o  low t h a t  t h e  

number of d r i f t e r s  would n o t  be a s e n s i t i v e  enough f i g u r e  

t o  r e f l e c t  what was happening  i n  t h e  e n t i r e  b e n t h i c  

popu la t ion .  

It i s  impor tan t  t o  know e x a c t l y  how f a r  a d r i f t i n g  

animal  d r i f t s  once he  i s  caugh t  by t h e  c u r r e n t ,  f o r  i f  t h e  

d i s t a n c e  i s  n o t  g r e a t ,  t h e n  coupled  w i t h  t h e  knowledge of 

how few animals d r i f t  a t  any one t imeldrif t  c o u l d  be 

cons ide red  a r e l a t i v e l y  unimpor tant  phenomenon. It 



cou ld  be t h a t  d r i f t  s t u d i e s  w i l l  e l u c i d a t e  no new p r i n c i p l e s  

i n  s t ream bio logy.  D r i f t  cou ld  be o n l y . a n  i n t e r e s t i n g ,  

bu t  minor hap;ening i n  s t ream eco logy ,  so!oething c u r i o u s  

y e t  expected  by any amateur first c o n s i d e r i n g  t h e  s t ream 

h a b i t a t .  Using. a  s e r i e s  of s u c c e s s i v e  d r i f t  n e t s  Waters 

found d r i f t  g r e b t l y  reduced f a r  downstream from t h e  f i r s t  

n e t s .  H e  concluded t h a t  i s e c t s  d r i f t  around 50-60 n e t e r s  

a nigh* ( 5 a t e r s  1965) T h i s  is  f a r  s h o r t e r  t h a n  t h e  l e n g t h  

of most s t r eams ,  s o  an imals  would have t o  drift r e p e a t e d l y  

t o  c o l c n i z e  downstream. Yhis p o i n t s  t o  a  f a r  l a r g e r  p e r c e n t a g e  

of b e n t h i c  an imals  d r i f t i n g  t h a n  is  i n  f a c t  t h e  case .  If 

on c o n s i d e r s  t h a t  f o r  r e c o l o n i z a t i o n  50% of t h e  p o p u l a t i o n  

(supposedly  c o a c e n t r e t e d  upstream) must d r i f t  - a t  l e a s t  60 

mete r s ,  t h e n  a t  p r e s e n t  d r i f t  ~ e r c e n t a g e s  p e r  n i g h t  t h i s  

d r i f t  would t a k e  454 n i g h t s .  That  i s  l o n g e r  t h a n  t h e  e n t i r e  

l i f e  cyc le  of most d r i f t e r s .  

S ix ty  m e t e r s  i s  p robab ly  c l o s e  t o  t h e  d i s t a n c e  from 

one s l i g h t  bend i n  t h e  s t ream t o  a n o t h e r .  O r ,  i f  t h e r e  a r e  

no bends it could  w e l l  be c o n s i d e r e d  t h e  d i s t a n c e  i n  which 

most of t h e  water  t h a t  was t h e  f a s t e s t  mcving has come i n t o  

c o n t a c t  w i t h  s l o r ~ e r  wa te r .  T h i s  d i s t a n c e  does  suppor t  t h e  

h y p o t h e s i s  t h a t  d r i f t  i s  a  h a p , e n i g g  of no g r e a t  impor t ;  

t h a t  it i s  a  minor consequence of o t h e r  t h i n g s  which might 

be a o r e  i n t e r e s t i n g  t o  s tudy .  

So f a r  it seems a s  i f  ~ o s t  of  t h e  evidence s u p p o r t s  

a  n o n - t h e o r e t i c a l  i n t e r p r e t a t i o n  of  d r i f t .  But t h e r e  was 

one s t u d 2  done by H i n s h a l  and J i n g e r  (1968) t h a t  made d r i f t  

look a l o t  more i m p o r t a n t .  They s t u d i e d  d r i f t  i n  a s m a l l  

s t ream t h a t  was undcr;;oin& f low r e d u c t i o n  ( a r t i f i c i a l l y  



c o n t r o l l e d ) .  They found t h a t  t h e  s lower  t h e  water  f lowed,,  

and t h e  l e s s  wa te r  t h e r e  was i n  t h e  s t ream t h e  g r e a t e r  

were t h e  numbers o f  d r i f t e r s .  T h i s  can h a r d l y  be a c c i d e n t a l  

d r i f t  s i n c e  it i s  presumably e a s i e r  t o  s t a y  i n  p l a c e  when 

t h e  c u r r e n t  i s  s lower .  They even r e p o r t e d  s e e i n g  an imals  

of t h e  genera  B a e t i s  and Ephemerella a c t i v e l y  l aunch ing  

themse lves  i n t o  t h e  c u r r e n t .  

T h i s  i s  an e n t i e r e l y  d i f f e r e n t  phenomenon from t h a t  

i n  normal s t r eams .  More work must be done i n  t h i s  s i t u a t i o n  

t o  e x p l a i n  what i s  r e a l l y  going  on. Minshal and Winger 

sugges ted  t h a t  t h e  d r i f t  might be t h e  r e s u l t s  of r e p p i r a t o r y  

s t r e s s  caused  b;~ t h e  d i s r u p t i o n  of  d i f f u s i o n  g r a d i e n t s  around 

t h e  animal .  T h i s  cou ld  l e a d  t o  i n c r e a s e d  movements and d r i f t i n g .  

It h a s  a l s o  been observed i n  g e n e r a l  t h a t  t h i g n o t a x i s  is 

r e v e r s e d  when t h e r e  i s  v e r y  low c u r r e n t .  The animals  t h e n  

s w i m  around on t h e i r  own. B u t  t h i s  one s i t u a t i o n  i s  q u i t e  

o u t s i d e  t h e  g e n e r a l  scope  of d r i f t  covered  i n  t h i s  paper .  

Any work done on d r i f t i n g  i s  c u r s e d  w i t h  t h e  g e n e r a l  

problems of s t r eam a n a l y s i s .  One of  t h e  b i g g e s t  problems 

i s  t h a t  o f  e s t i m a t i n g  t h e  biomass of  t h e  s t ream bottom. 

It w s s  found t h a t  73 S u r b e r  samples were n e c e s s a r y  t o  g e t  

a  95% c o n f i d e n c e  l e v e l  a s  t o  t h e  biomass of a  s i n g l e  

r i f f l e  (~kedharn and Usinger  1956). F u r t h e s  s t u d i e s  i n d i c a t e d  

t h a t  pe rhaps  even more samples would be necessa ry .  t h i s  

i n d i c a t e s  a  d i s c r e p a n c y  between whatpeople s e e  a s  a  uniform 

a r e a ,  and what a n i m a l s  p e r c i e v e  a s  a  whole v a r i e t y  of  d i v e r s e  

rn ic rohab i t a t s .  Pe rhaps  t h e  most impor tan t  work t o  be done 

i n  s t r e a m s  now is  t o  de termine  what makes an imals  choose 



t o  be where t h e y  a r e .  Egglishaw (1964) d i d  an e l e g a n t  

s t u d y  t o  s e e  i f  t h e  aggrega t ion  of an imals  i n  d e t r i t u s  

was due t o  t h e  p r e s e n c e  of t h e  d e t r i t u s  o r  t o  t h e  f a c t  t h a t  

t h e  c u r r e n t  and a c t i o n  a c t e d  s i m i l i a r l y  on t h e  two. 

Be found t h a t  an imals  a c t i v e l y  chose t h e  d e t r i t u s ,  and 

d i d  n o t  a g ~ r e g a t e  i n  s i m i l i a r  s i t u a t i o n s  where t h e r e  were 

r u b b e r  b i t s  i n s t e a d  of d e t r i t u s .  

Cumnins (1962 and p e r s o n a l  communication) used  a  
*- . 

. . t e c h n i q u e  of pho tograph ic  a n a l y s i s  t o  de termine  what s i z e  

p a r t i c l e  was t y p i c a l  when t h e r e  was a  c e r t a i n  s u r f a c e  

ay;Fearance. Be  t o o k  a  photograph of t h e  a r e a ,  t h e n  c o l l e c t e d  

a l l  of t h e  sediment and c o r r e l a t e d  a  g r i d  o f  t h e  photograph 

w i t h  t h e  p a r t i c l e s .  T h i s  worked b e s t  f o r  t h e  s u r f a c e  r o c k s  

and l e a s t  w e l l  f c r  t h e  sands  a l l  t h e  way under.  T h i s  t e c h n i q u e  

could be used i n  c o n j u n c t i o n  with c o l l e c t i n g  a l l  t h e  animals  

i n  t h e  a r e a  t o  pe rhaps  g e t  a  c o n e l a t i o n  between t h e  appearance 

of a  s q u a r e  and what might be found t h e r e .  But it i s  

probab le  t h a t  t h i s  would be on ly  t h e  roughes t  s o r t  o f .  

i n d i c a t o r  f o r  a photograph of t h e  bottom w i l l  p robably  n o t  

show a n y t h i n s  t h a t  t h e  animals  a r e  r e spond ing  t o  very 

d i r e c t l y .  Nonethe-less it i s  i n  t h i s  s o r t .  of  work t h a t  

s t ream knowledge w i l l  be advanced; p r e s e n t  inforz la t ion  on 

t h e  non-phenonenon of d r i f t  i n d i c a t e  t h a t  f u t u r e  work on 

d r i f t  w i l l  n o t  be worth t h e  t ime  and e f f o r t  when t h e r e  a re  

s o  many Gore i m p o r t a n t  t h i n g s  t o  be s t u d i e d  t h a t  a r e  more 

l i k e l y  t o  r e v e a l  something impor tan t .  



I n t r o d u c t i o n  

When an i n s e c t  dr i f ts  i t  moves wi th  t h e  c u r r e n t .  I ts 

own mot ions  a r e  i n s i g n i f i c e n t ,  s o  i t  w i l l  l e a v e  t h e  c u r r e n t  

on ly  when it i s  thrown i n t o  an area wi thou t  a s t r o n g  c u r r e n t .  

Such a r e a s  a r e  found a long  the v e r y  bottom of t h e  s t ream,  

a l o n g  t h e  s i d e s  where p l a n t s  d r a g  i n  t h e  w a t e r ,  and i n  t h e  

e d d i e s  and back washes t h a t  r e s u l t  from bends and i n d e n t a t i o n s  

i n  t h e  shore .  How much of t h e  w a t e r  t h a t  f l o w s  down a 

s t ream i s  invo lved  i n  t h e s e  c u r r e n t l e s s  a r e a s ?  Are t h e y  

s t a g n a n t  a r e a s  t h a t  keep t h e  same wa te r  f o r  a l o n g  time, 

o r  a re  they  c o n t i n u a l l y  i n t e r a c t i n g  w i t h  t h e  mainstream? 

The more wa te r  t h a t  i s  invo lved  i n  t h e s e  a r e a s  t h e  more 

f r e q u e n t  w i l l  be t h e  dumping of  an i n s e c t  from t h e  c u r r e n t .  

D r i f t  can be b e t t e r  unders tood  i f  it i s  known 

p r e c i s e l y  what f a c t o r s  o p e r a t e  on t h e  d r i f t i n g  animal.  

The s t u d y  of t h e  motion o f  w a t e r  downstream w i l l  g i v e  a  

good i n d i c - a t i o n  of  how f a r  an i n s e c t  w i l l  d r i f t  once he 

i s  caugh t  by t h e  c u r r e n t .  The s t u d y  of a r i v e r b e n d  was 

under taken because  it seemed t h a t  i n  a bend t h e r e  was. 

t h e  most t u r b u l e n c e ,  and t h e  r e s u l t a n t  high l e v e l  of 

i n t e r a c t i o n  between s t i l l  wa te r  and wa te r  moving s t r a i g h t  

downstream.- 

If an animal i s  c a r r i e d  i n t o  t h e  c u r r e n t  where it 

i s  the f a s t e s t  and dumped where it i s  t h e  s l o w e s t ,  it i s  

l i k e l y  t h a t  t h e  two p l a c e s  w i l l  be d i f f e r e n t .  An examination 

of t h e  s t reambed d i v i d e d  it i n t o  f i v e  rough h a b i t a t  t y p e s ,  

r a n g i n g  froni t h e  s l o w e s t  t o  t h e  f a s t e s t  c u r r e n t s .  (Table  A )  

It was hypo thes ized  t h a t  t h o s e  an imals  most l i k e l y  t o  

d r i f t  would be t h o s e  found i n  t h e  g r e a t e s t  number of 

h a b i t a t s . .  Animals t h a t  were o n l y  found i n  one  o r  two 



Table A 

C h a r a c t e r i s t i c s  of Four Maple River Habi ta t s  

Depth 

Fas t  R i f f l e  1 f t  

Run - 

Ei f f  l e  

D e t r i t u s  

Current Subs t ra te  s i z e  
speed 

* 
-( largest  p a r t i c l e )  

10 .. 4"-6" diameter - 

2ft-4ft diameter 

1"-2" diameter 

"current  speed numbers a re  only i n  r e l a t i o n  t o  one 
another 



h a b i t a t s  would e i t h e r  n o t  be i n  t h e  a r e a  most s u s e p t i b l e  

t o  t h e  c u r r e n t ,  o r  would n o t  be a b l e  t o  l i v e  i n  t h e  

d e p o s i t i o n  a r e a ,  I f  t h e y  a r e  n o t  a b l e  t o  l i v e  i n  t h e  

h a b i t a t  t h e y  a r e  d e p o s i t e d  i n ,  t h e y  would have t o  c rawl  

a l o n g  t h e  bot tom t o  a b e t t e r  h a b i t a t  wi thout  g e t t i n g  

c a u g h t  i n  t h e  c u r r e n t  a g a i a .  They w i l l  very l i k e l y  get 

caugh t  i n  t h e  c u r r e n t  aga in  s i n c e  it happened once. 

D r i f t i n g  would have  an adverse  e f f e c t  on t h e i r  s u r v i v a l  

p o s s i b l y  d i v o r c i n g  them from a h a b i t a t  t h e y  can e x i s t  i n ,  

s o  t h e r e  would be  a s e l e c t i v e  p r e s s u r e  a g a i n s t  d r i f t i n g .  

Those a n i m a l s  a d a p t e d  t o  s t a y  where t h e y  were would 

c o n t r i b u t e  more genes  t o  f u t u r e  p o p u l a t i o n s .  

Animals were c o l l e c t e d  from t h e  f i v e  h a b i t a t s  

and t h e i r  d i s t r i b u t i o n  compared t o  t e s t  t h i s  hypo thes i s .  

S p e c i a l  a t t e n t i o n  was given t o  an imals  found t o  d r i f t .  

The f i v e  h a b i t a t s  i n  o r d e r  of  d e c r e a s i n g  c u r r e n t  were 

f a s t  r i f f l e  , run ,  r i f f l e  ;, sand,  and d e t r i t u s .  Sand was 

e l i m i n a t e d  because  n.o animals  were found t h e r e ,  S ince  

a s t reambed i s  known t o  be composed of  a whole s e r i e s  

of m i c r o h a b i t a t s  t h a t  v a r y  eve ry  few c e n t i m e t e r s ,  o r  

from one s i d e  of  a r o c k  t o  a n o t h e r ,  one h a b i t a t  i n -  

c l u d e s  many microenvironments .  Likewise  one s p e c i f i c  

m i c r o h a b i t a t  r e c o g n i z e d  by t h e  i n s e c t  could  occur  i n  

more t h a n  one h a b i t a t ,  T h i s  w i l l  be r e f l e c t e d  i n  t h e  

f i n d i n g  of one i n s e c t  i n  s e v e r a l  d i f f e r e n t  h a b i t a t s ,  

~t a l s o  means t h a t  perhaps  t h e  i n s e c t s  t h a t  d r i f t  a r e  

n o t  n e c e s s a r i l y  more f l e x i b l e  i n  t h e i r  envi ronmenta l  

needs ,  bu t  t h a t  t h e i r  m i c r o h a b i t a t  i s  u b i q u i t o u s ,  o r  

independent  of c u r r e n t .  T h i s  must be  remembered, bu t  



w i l l  n o t  e f f e c t  t h e  c o n c l u s i o n s  o f  t h e  s t u d y  because 

it s t i l l  means t h a t  t h o s e  i n s e c t s  w i l l  be most l i k e l y  t o  

d r i f t .  It o n l y  means t h a t  i t  cannot  be assumed t h a t  it 

i s  t h e y  t h a t  a r e  f l e x i b l e  i n  t h e i r  envi ronmenta l  

r equ i rements .  

Maple River, l o c a t e d  i n  Emmet County, Michigan, ( ~ i ~  A) 

h a s  two main branches .  A l l  of t h e  work was done on t h e  

E a s t  Branch,  which i s  t h e  s m a l l e r  and f a s t e r  of t h e  

two, The first l o c a t i o n ,  a t  Douglas Lake Road, i s  

abou< a  m i l e  and a  h a l f  from t h e  e x i t  of  t h e  r i v e r  

from Douglas Lake. The R i g g s v i l l e  Road l o c a t i o n  i s  

a n o t h e r  m i l e  downstream. The Woodlawn Road l o c a t i o n  

i s  about  a  m i l e  and a h a l f  f u r t h e r  doihs t ream.  That  

l o c a t i o n  was used o n l y  f o r  t h e  c a t e g o r y  f a s t  r i f f l e ,  

A f a s t  r i f f l e  did n o t  occur  e l sewhere ,  h u t  a l l  t h r e e  

o t h e r  h a b i t a t s  o c c u r r e d  a t  both  of t h e  o t h e r  l o c a t i o n s .  

The E a s t  Branch of t h e  Maple R ive r  i s  a f i n e  

t r o u t  s t ream.  ( ~ l l  f u t u r e  r e f e r e n c e s  t o  t h e  Maple 

R i v e r  are  t o  be unders tood a s  r e f e r r i n g  t o  t h e  E a s t  

Branch.) The bottom i s  a l t e r n a t e l y  sandy,  cobbled  o r  

rocky., There  a r e  wide,  s lower  s t r e t c h e s  w i t h  sandy 

bot toms,  deep  rocky c u r v e s  around bends,  and d a r k  p o o l s  

over  f i v e  f e e t  deep. Dead + l i n t e r  g r a s s e s  d r a g  i n  t h e  

s t ream a l o n g  some of t h e  bank. Along t h e  edges  a r e  

t h i c k e t s  of Cornus s t o l o n i f e r a ,  S a l i x  s p .  and Alnus rubra .  

These sometimes l e a n  f a r  o u t  over  t h e  wa te r ,  o r  f a l l  i n .  

Dead l e a v e s  and t w i g s  c o l l e c t  a g a i n s t  t h e  f a l l e n  branches.  

A t  Douglas Lake Road Maple R ive r  p a s s e s  th rough  h i g h e r  

l a n d  with an open g rove  of  Populus t r emulo ides .  Below 





Woodlawn Road Tsuga canadens i s  shadows t h e  r i v e r .  

The c h a r a c t e r  o f  t h e  s t ream i s  uniform u n t i l  t h e  

dam a t  Woodlawn Road s w e l l s  it i n t o  a  r e s e r v o i r .  The 

f a s t  r i f f l e  below t h e  dam i s  n o t  found e lsewhere .  

yhe p r e s e n c e  of t h e  dam probably  had an e f f e c t  on t h e  

r i v e r  downstream b u t  it was n o t  c o n s i d e r e d  t o  e f f e c t  t h e  

p r e s e n t  s tudy .  Numbers of organism were n o t  coun ted ,  

o n l y  k i n d s l  which i s  soieething t h a t  t h e  dam would n o t  have 

an e f f e c t  on. The f a s t  c u r r e n t  i s  probably  t h e  de te rmin ing  

f a c t o r  i a  s p e c i e s  composi t ion below t h e  dan. 

Nost of t h e  f i e l d  work was done t h e  second two 

weeks i n  March, 1973, though s o r ~ e  work was done t h e  

t h i r d  week i n  J a n u a r y ,  and t h e  t h i r d  week i n  A p r i l .  

During t h e  two weeks i n  fiarch t h e  s t r eam r o s e  by n e a r l y  a  

f o o t .  T h i s  f l o o d i n g  d i r e c t e d  t h e  c o u r s e  of f i e l d  work, 

making some t h i n g s  imposs ib le  t o  do whi le  a t  t h e  same 

t i L l e  p r o v i d i n g  unique o p p o r t u n i t i e s  , t o  s t u d y  d r i f t  i n t o  

newly submerged areas..  One i s l e t ,  suberged , a f t e r  t h e  

first t h r e e  days  of March f i e l d  work, was e s p e c i a l l y  

s t u d i e d  because  a l l  t h e  approaches t o  it were sandy 

smooth. 'This made i t  u n l i k e l y  t h a t  any i n s e c t s  had 

approached t h e  a r e a  excep t  by d r i f t i n g .  I n  f a c t ,  because 

o f  a  f a i l u r e  of t h e  d r i f t  n e t s ,  t h e  i n s e c t s  found on 

t h e  i s l e t  were c o n s i d e r e d  t o  b e  t h o s e  t h a t  d r i f t e d .  



Procedure 

Water sampling and c o l l e c t i n g  were done a t  t h r e e  

loca t ions ,  where Maple River c rosses  Douglas Lake Zoad, 

Riggsvi l le  Road, and Woodlawn Rd. Currents were s tudied 

only a t  a bend near  Douglas Lake Zoad. 

Dissolved oxygen i n  t h e  water was determined by the 

Alsterberg (Azide) midif icat ion of t h e  Vinkler method. 

Alka l in i ty  was determined using a Bromocresole-Methyl Red 

mixed i n d i c a t o r  t e s t ,  pH was ca lcu la ted  on a Beckman pH 

meter. (Table 1) 

Sampling of t h e  stream b o t t o ~  f o r  p a r t i c l e  s i z e  

ana lys is  was accomplished by fo rc ing  an eighteen cm 

diameter stovepipe ten  cm i n t o  t h e  stream bottom, Ihe 

stones around i t  were c leared and a shovel put  under the  

stovepipe so t h e  contents  could be emptied i n t o  a bucket. 

The bottom mate r i a l s  were then d r i e d  and weighed. Cobbles 

.and pebbles were removed and t h e  remaining ma te r i a l  was : 

put through se ives . f rom two t e n t h s  of a centimeter t o  

f i f ty - th ree  microns. . Percentages of' t h e  t o t a l  weight were 

then ca lcu la ted .  (McCormick 1973, unpublished) 

The methods of c o l l e c t i n g  var ied  from one h a b i t a t  

t o  another. I n  t h e  r i f f l e  and t h e  r u n  a  hand-screen was- 

held downstream and t h e  upstream subs t ra t e  was kicked up. 

Any animals dis lodged were caught i n  t h e  screen.  The 

screen contents  were dumped i n t o  a  white enamel pan so 

t h a t  the  i n s e c t s  could be so r t ed  through and picked out. 

Det r i tus  a reas  were szmpled w i t h  a  n e t  on t h e  end of a 
- 

pole  t h a t  scooped up substrate and water. Sor t ing  was 

done i a  an enamel pan. This s o r t  o f  net  was used i n  the 

f a s t  r i f f l e  too.  Both techniques were used t o  sample the  



f looded i s l e t .  An area t h a t  was smooth sandy 

bottom was sampled by both methods but nothing was 

found so  t h a t  h a b i t a t  was e l iminated from t h e  study. 

Since nothing was found t h e r e  it was considered t o  

be outs ide  t h e  choice of poss ib le  hab i t a t s .  

Fluorescene dye c o l o r s  everything it touches 

b r i g h t  green. A capful  of t h e  powder was d i l u t e d  

w i t h  a bucket of water. Then a cup of the  dye 

was thrown across  t h e  stream. The progress of t h i s  

green l i n e  was watched a s  it moved downstream. 

It was recorded by running downstream and t a k i n g  

photographs. The c u r r e n t s  i n  s low shore-clinging 

waters  were t e s t e d  by p u t t i n g  about a tablespoon 

of dye i n  t h e  water, 

The cu r ren t s  were observed and photographed 

from both s ides  of t h e  stream. The dye was put i n  

again and again u n t i l  a good diagram of t h e  .. 

c u r r e n t s  could be drawh. 

Movement 



A r t i f i c i a l  stream. A p i e c e  of glass f i t t e d  i n  the 
aquarium i s  the f a l s e  bottom. Lake water comes from t h e  
r e d  tubing and surges into t h e  r e s e r v o i r  a t  the  l e f t .  The 
water over f lows  i n t o  the stream, prov id ing  a uniform c u r r e n t .  



of t h e  c u r r e n t  around i n d i v i d u a l  r o c k s  was observed by 

p u t t i n g  dye  i n  an a r t i f i c i a l  s t r eam se t  up i n  an aquarium 

i n  t h e  l a b o r a t o r y .  ( ~ i g .  l@ The c u r r e n t s  a round t h e  rocks  

were o b s e r v e d  and photographed.  

I n s e c t s  were i d e n t i f i e d  by t h e  a u t h o r  t o  genus except  

i n  t h e r c a s e s  where t h e  p o s s i b l e  e r r o r  i n  c a r r y i n g  i d e n t i f i c a t i o n  

t h a t  f a r  was g r e a t .  I n  t h o s e  c a s e s  i d e n t i f i c a t i o n  was 

t a k e n  o n l y  t o  f ami ly .  

The w a t e r  c h e m i s t r y  and s u b s t r a t e  composi t ion a t  

t h e  t h r e e  l o c a t i o n s  was r a t h e r  uniform. The f a s t  r i f f l e  

a t  Woodlawn r o a d  c o n t a i n e d  a l i t t l e  more oxygen, expla ined  

by t h e  g r e a t  turbulence . .  But a s  w i t h  most s t r e a m s  oxygen 

was h i g h  enough i n  a l l  t h r e e  c a s e s  t h a t  t h e  d i f f e r e n c e  

would p r o b a b l y  n o t  e f f e c t  any organisms. (Table 1) 

The sampl ing  s t a t i o n  a t  Douglas Lake Road was i n  a r u n ,  

t h a t  a t  R i g g s v i l l e  Road a r i f f l e ,  and t h a t  a t  Woodlawn 

r o a d  a f a s t  r i f f l e .  Any d i f f e r e n c e  between t h e  t h r e e  

h a b i t a t s  i s  probab ly  n o t  due t o  w a t e r  chemis t ry .  The 

s u b s t r a t e  sample a t  Woodlawn Road con ta ined  l e s s  of t h e  

v e r y  fine p a r t i c l e s  t h a n  d id  t h e  o t h e r  two. T h i s  could  

p o s s i b l y  have an e f f e c t  on organisms b u t  even t h e s e  

d i f f e r e n c e s  a r e  s m a l l  enough s o  t h a t  ano the r  e x p l a n a t i o n  

must be looked  f o r  i f  animal  p o p u l a t i o n  d i f f e r e n c e s  a r e  

found. 

Thir ty-seven d i f f e r e n t  i n s e c t s  were d i s t i n g u i s h e d  

i n  t h e  sampling.  a able 2) Most of t h e s e  were found i n  

some abundance, b u t  a  few a r e  r e p r e s e n t e d  by o n l y  one 

specimen. Aeschna, Rhyacoohila, 



Table 1 

Oxygen Concen t ra t ion  

Loca t ion  Temp. OC m g ; / l  D.O. P e r c e n t  S a t u r a t i o n  
mg-7T-Z 2 

Dou l a s , L k .  lo + - 
R i g g s v i l l e  I* 
Road - 
Voodlawn 2 O  

koad 

p H ,  A l k a l i n i t y ,  CO, 
L 

Loca t ion  pH 

Douglas Lake 7.8 
Road 

HiggSville 8.0 
Road 

Woodlawn 7.8 
koad - 

Composition of Streambed 

Rd .  Sample 
c o b b l e  3 6.4crn 

v. c o a r s e  sand 0,lcm 5 

c o a r s e  s a n d  500y 11 

med. sand  2 5 0 ~  14 

f i n e  sand  10sP 3 

v. f i n e  sand 53 P 0.6 

s i l t  53p 1 

A l l  of  t h e  above d a t a  was t a k e n  t h e  t h i r d  week of January  
1973. Most of t h e  c a l c u l a t i o n s  were done by Tom McCormick 
.who was working on a concur ren t  p r o j e c t  on Iilaple R ive r  a t  
t h e  t ime.  J a n u a r y  f i e l d  work was done wi th  Tom McCormick and 
C h r i s  Muhich, 



Table 2 

Insect Immatures found in Maple River Jan. -April 

Plecoptera 
Perlidae 
Acroneuria 
Parametina 
?hasganophora 
Taeniopterigidae 

Ephemeroptera 
Heptageniidae 
Stenonema €peoru5 

Baetidae > 
Baetis 
Leptophlebiidae 

raraleptophlebia 
Baetiscidae 
Baetisca 

Trichoptera 
Limnephilidae 

Ylatycentropus 
Hydropsychidae 
Hydropsyche 
Cheumatopsyche 
Philopotamidae 
Chinarra 

Rhyacophilidae 

He 7 lcopsychldae 
Helicopsyche 
Glossosomatiaae 
Glossosoma 
~hryganeidae 
Ptilostomis 

Odonata 
Aeschnidae 
Boyeria 
Aeschna 
Calopterygidae 

Ophiogonphus 

Diptera 
Rhagionidae 
chironomidae 
Tipulidae 

  ole opt era 
Gyrinidae' 
Dytiscidae' 
Elmidae' 

Megaloptera 
Sialidae 

S i a l i s  
~orsdalidae 



and S i a l i s  a r e  a l l  represented by only one specimen. E i t h e r  

they a r e  not abundant i n  Maple River ,  o r  t h e r e  was something 

about t h e  sampling techniques used t h a t  missed them. It 

i s  c e r t a i n l y  poss ib le  t h a t  t h e r e  were o ther  i n s e c t s  t h a t  

a r e  i n  Maple River dur ing t h e  winter  t h a t  were missed 

because they a r e  very r a r e ,  o r  because 'they a r e  s o  s h a l l  

they passed r i g h t  through t h e  ne t .  The ten  hours (approximately) 

spent c o l l e c t i n g  on Maple River a r e  considered adequate 

t o  c o l l e c t  almost a l l  o f  t h e  i n s e c t s  occurring i n  t h e  

r i v e r  (Dave Otte personal  communication). 

Table 3 shows t h e  d i s t r i b u t i o n  of the  i n s e c t s  

c o l l e c t e d  i n  Naple River. The f a s t  r i f f l e  h a d . f a r  t h e  

fewest i n s e c t s  but  t h e  ones t h a t  it d i d  have genera l ly  

occurred i n  s eve ra l  d i f f e r e n t  p laces ;  they seemed t o  be 

ab le  t o  l i v e  about anywhere, o r  a t  l e a s t  t o  f i n d  t h e i r  

microhabitat  i n  a l l  of t h e  general  h a b i t a t s .  The one 

exception t o  t h a t  i s  t h e  d e t r i t u s  h a b i t a t ,  where only 

two f a s t  r i f f l e  dwel le rs  were found. -Perhaps t h e  slow 

current  i n  t h e  r i f f l e  a rea  doesn ' t  provide epough oxygen, 

o r  not enough volume of water passes  over t h e  f i l t e r  

feeders  t h a t  occur i n  t h e  f a s t  r i f f l e  t o  allow them t o  

l i v e  i n  a  stagnant d e t r i t u s  area.  

I f  t h e  number of i n s e c t s  unique t o  a r i f f l e ,  a 

run ,  o r  d e t r i t u s  i s  subt rac ted  from t h e  t o t a l  number of 

i n s e c t s  occurring i n  each p lace ,  you ge t  eleven o r  

twelve, a constant .  (Table 4) I f  t h e  same i s  done w i t h  

t h e  i n s e c t s  found on t h e  flooded i s l e t  t he  number s ixteen 

i s  obtained.. This  i s  s u b s t a n t i a l l y  higher than t h e  o the r  

d i f fe rences .  It sugges ts  t h a t  d r i f t  i s  coming froo' more 



Table  3 

D i s t r i b u t i o n  of I n s e c t s  i n  Maple R i v e r  

F a s t  
H i f f l e  

P l e c o p t e ~ a  
Acroneur ia  
P a r a g n e t i n a  
Taen iop te ryx  
I s o p e r l a  
Phasganophora 

Ephemeroptera 
Ephemere l la  
Epeorus  x- 
Stenonema 
B a e t i s  
L e p t o p h l e b i a  
k a r a l e p t o p h l e b i a  
B a e t i s c a  

T r i c h o p t e r a  
Pycnopsgche 
Cheumatopsyche X- 
G l o s s o s o ~ a  x 
Neophylax 
P t i l o s t o m i s  
Rhyac o p h i l a  
P l a t y c e n t r o p u s  
Chimarra 
Hydropsyche x 
Hel icopsyche  

Odonata 
C a l o p t e r y x  
Boyer ia  
Aeschna 
Ophiogomphus 

D i ~ t e r a  
%hag ion idae  
Chironornidae 
Tipula-  - 
Y e d i c i a  
S i m u l i i d a e  
Tabanidae 

Hemiptera 
C o r i x i d a e  

C o l e o p t e r a  
Elmidae 
G y r i n i d a e  
D y t i s c i d a e  

Megaloptera  
I f ig ron ia  
S i a l i s  

R i f f l e  D e t r i t u s  Run - Flooded E m r  



Table 4 

Uniqueness of I n s e c t  D i s t r i b u t i o n  

I n s e c t s  o c c u r r i n g  everywhere , - .  
( e x c l u d i n g  f a s t  r i f f l e )  

1, I s o p e r l a  
2, Yhasganophora 
3. Ephemere l la  
4, Pycnopsyche 
5, Cheumatopsyche 

I n s e c t s  o c c u r r i n g  o n l y  i n  r i f f l e  
1. Acroneur ia  
2. P a r a g n e t i n a  
3, Neophylax 
4, Chimarra 
5. Hel icopsyche  
6. Elmidae 

I n s e c t s  o c c u r r i n g  o n l y  i n  d e t r i t u s  
1. P l a t y c e n t r o p u s ,  
2. ~ . a l o p t e r y x  - 

3. Aeschna 
4. C o r i x i d a e  
5. Tabanidae  
6. G y r i n i d a e  
7. D y t i s c i d a e  
8. S i a l i s  

I n s e c t s  o c c u r r i n g  o n l y  i n  run 
1. Ophiogomphus 
2. N i g r o n i a  

I n s e c t s  o c c u r r i n g  o n l y  i n  f l o o d e d  i s l e t  
1. P a r a l e p t o p h l e b i a  

I n s e c t s  o c c u r r i n g  o n l y  i n  f a s t  r i f f l e  
-' 1. Epeorus  

F a s t  R i f f l e  ' R i f f l e  D e t r i t u s  Run - 
T o t a l  7 17 2Q 
Number 

Number 1 
Unique 
To Each 

D i f f e r e n c e  6 
Between 
Above 
Numbers 

Flooded I s l e t  



Table  4 cont .  

Uniqueness of I n s e c t  D i s t r i b u t i o n  

I n s e c t s  n o t  a t  I s l e t  t h a t  d o  occur  i n  more 
t h a n  one o t h e r  p l a c e  

1. Glossosoma 
2. P l a t y c e n t r o p u s  
3. Rhagionidae 
4, P e d i c i a  

I n s e c t s  n o t  a t  I s l e t  t h a t  occur  i n  o n l y  one. p l a c e  

1. Acroneur ia  
2, P a r a g n e t i n a  
3. Epeorus  
4. Neophylax 
5. Chimarra 
6.. Hel icopsyche  
7. C a l o p t e r y x  
8.. Aeschna 
9. Ophiogomphus 
10. Tabanidae 
11 .- C o r i x i d a e  
12. Elmidae 
13. Gyr in idae  
14. D y t i s c i d a e  
15.. Nigron ia  
16. S i a l i s  

Frequency of I n s e c t s  a t  Combined ~ l a b e s  

Number o f  I n s e c t s  Occurr ing  i n  number of  H a b i t a t s  

Frequency of I n s e c t s  o c c u r r i n g  a t  Flooded I s l e t  
a t  o t h e r  l o c a t i o n s  

Number of  I n s e c t s  Occurr ing  i n  number o f  H a b i t a t s  

R a t i o  of  I n s e c t  number o c c u r r i n g  i n  Flooded I s l e t  and i n  
0 , t o  4 o t h e r  h a b i t a t s  t o  t o t a l  number o c c u r r i n g  i n  1 t o  
5 h a b i t a t s .  (#  i n  second t a b l e  over  # i n s e c t s  i n  f i rs t  t a b l e )  



than one h a b i t a t .  I n  f a c t  only four  i n s e c t s  a r e  not 

found on t h e  i s l e t  t h a t  do occur i n  more than one o ther  

place. 'he o the r  s ix teen  i n s e c t s  not  found a t  t h e  i s l e t  

a r e  a l l  unique t o  t h e i r  respec t ive  h a b i t a t s .   a able 4) 
n l h i s  suggests  t h a t  perhaps animals with g r e a t e r  environmental 

f l e x i b i l i t y  ( o r  who can f i n d  t h e i r  microhabitat  i n  a  

v a r i e t y  of s e t t i n g s )  a r e  t h e  ones t h a t  a r e  t h e  most l i k e l y  

t o  d r i f t .  This i s  f u r t h e r  subs tan t i a t ed  when t h e  progression 

r e l a t i n g  t h e  i n s e c t s  found a t  t h e  flooded i s l e t  t o  those 

found i n  t h e  most o the r  h a b i t a t s  i s  examined. Only two 

i n s e c t s  were found only a t  t h e  f looded i s l e t ,  and the re  was 

only one of each. Since they must have come f ron  somewhere 

khejr_..probably represent  i n s e c t s  missed elsewhere. From t h e r e  

t h e  f r a c t i o n  of i s l e t  i n s e c t s  occurr ing i n  a  s e t  number of 

h a b i t a t s  t o  t h e  t o t a l  number occurring i n  t h a t  number of 

h a b i t a t s  increases .  A l l  of t h e  i n s e c t s  t h a t  occur i n  four  

o r  f i v e  h a b i t a t s  a r e  found a t  t h e  i s l e t .  (Table 4) This 

could mean t h a t  they can l i v e  i n  a l l  t h e  h a b i t a t s  and m e  

prone t o  d r i f t  because t h e r e  i s  no se lec t ion  aga ins t  i n s e c t s  

c a r r i e d  from t h e i r  o r i g i n a l  h a b i t a t .  O r  it could merely 

mean t h a t  these  i n s e c t s  a r e  d r i f t i n g  because t h e i r  micro- 

h a b i t a t  i s  espec ia l ly  d is turbed  by cur rents  and they get  

pul led i n t o  t h e  cur rent  e a s i l y ,  and a r e  then dumped by t h e  

cur rent  a l l  over t h e  place.. I f  t h i s  i s  the  case ,  then the  

specimens co l l ec ted  i n  var ious h a b i t a t s  could be t h e r e  only 

because of t h e  f lood condi t ions ,  not because t h i s  i s  t h e i r  

h a b i t a t .  This second explanation i s  not a s  l i k e l y  because 

of t h e  g r e a t  numbers of benthie: in sec t s .  Those j u s t  

dumped i n  a rea  would 

be a very small f r a c t i o n  of t h e  t o t a l  







i n s e c t s  found t h e r e .  There fo re  it would be u n l i k e l y  t h a t  

t h e y  would be uniform12 c o l l e c t e d  t o  such  a d e g r e e  t h a t  

t h e  above-discussed p rogress ion  would be apparen t .  

xhe p a t h  t h a t  water  t a k e s  f lowing  downstream i s  a  

s t r a i g h t  l i n e  wherever p o s s i b l e .  So t h e  g e n e r a l  p i c t u r e  

o f  t h e  f l o w  around a bend i s  t h a t  a l l  t h e  wbter  smashes 

i n t o  t h e  o u t e r  bank, c a r e e n s  a long  t h e  f .a r  o u t e r  edge, t h e n  

s lowly  r e g a i n s  t h e  c e n t e r  channel .  T h i s  motion r e p r e s e n t s  

a change i n d i r e c t i o n  f o r  most of t h e  wa te r ,  f o r  t h e  d i r e c t i o n  

downhi l l  h a s  changed s l i g h t l y .  While i n  t h e  bend t h e r e  a r e  

two unbalanced f o r c e s  a c t i n g  on t h e  water :  t h e  new downstream 

g r a v i t y  v e c t o r ,  and t h e  i n e r t i a  from t h e  o l d  g r a v i t y  v e c t o r .  

The p a t h  o f  t h e  w a t e r  w i l l  be somewhere between t h e  two. ( F i g .  1) 

The change i n  d i r e c t i o n  of each wa te r  p a r t i c l e  means t h a t  

t h e y  w i l l  j o s t l e  each  o t h e r  more than  when t h e y  a r e  a l l  

go ing  i n  one d i r e c t i o n .  Th i s  w i l l  r e s u l t  i n  added t u r b u l e n c e .  

A l a r g e r  p a r t  of t h e  w a t e r  w i l l  be invo lved  i n  i n t e r a c t i o n  

w i Z h  s t i l l  w a t e r  t h a n  i n  t h e  s t r a i g h t  p a r t  o f  t h e  s t ream.  

y h i s  s t i l l  wa te r  i s  mainly on t h e  i n s i d e  of t h e  bend (Fig 2).  

Some w z t e r  t h a t  was f a s t  p a s s e s  over  t h i s  a r e a  and 

would d r o p  i n s e c t s  from t h e  c u r r e n t .  'he, c u r r e n t s  

i n  t h e  o u t s i d e  of t h e . b e n d  a r e  v e r y  complex, f o r  whi le  

t h e r e  i s  g r e a t  t u r b u l e n c e  t h e r e  i s  a l s o  a  s t r o n g  c u r r e n t .  

Some of t h e  wa te r  t h a t  goes around t h e  bend w i l l  r u b  r i g h t  

up a g a i n s t  t h e  s h o r e  and d rop  i n s e c t s  b u t  t h e  r e s t  w i l l  be 

s h i e l d e d  from t h e  bank by t h i s  wa te r  and w i l l  s p i n  r i g h t  

around. So whi le  a  g r e a t e r  p o r t i o n  of  t h e  wa te r  w i l l  

d r o p  i n s e c t s  i n  a  bend t h a n  e lsewhere ,  it i s  p o s s i b l e  f o r  

an i n s e c t  t o  g e t  c a r r i e d  around more t h a n  one bend.' The 

g e n e r a l  t u r b u l e n c e  of  t h e  s t ream and t h e  i n c r e a s e d  t u r b u l e n c e  





The dye i s  thrown i n  a t  site I. (Pig. 3 ) .  The c e n t e r  water  
moves f a s t e g  s o  the dye from t h e r e  i s  nearly out of s@+. 
The water  t h a t  comes t o  t h e  bushes i s  slowed down, Most 
of it does n o t  f l o w  through the branches  b u t  f l o w s  t o  t h e  
center past t h e  o b s t r u c t i o n .  



' h e  dye was thrown i n  a t  s i t e  1 (Fig. 3) and the  photograph 
taken from s i t e  2. This shows how moat of the  water is 
moving i n  the middle of the  s t r e a m  The darker green in 
the bushes shows that some w a t e r  flows through there, but 
the cu r r en t  i s  much slower. 



_e thrown i n  at s i t e  1 (Fig. 3) .  The photograph 
The Wf* 25 site 3.  Most of the water is pass ing  around 
was taw- -3 of the  bend, very close to the outer shore. 
$be IZ - 



d d  photograph from s i t e  4 (Fig. 3) .  Most of the 
DP - before t h e  bend i s  moving i n  the cen te r  of  t he  stream. 
WF- 



Dye i s  shrown i n  at site 4 (Pig. 3) .  Photograph is 
-om s i t e  5. The water that was i n  t h e  center of 

the *earn a t  s i t e  4 is now on the very ou t s ide  of the 



taken at s i t e  6 (Fig. 3).  Dye l i n g e r s  in still 
~ ~ ~ ~ ~ , t  along the banks long a f t e r  the  r e s t  of the 
w g t  el: -<- dter has flowed downstream, 
c 010- 



a t  bends  make it l i k e l y  t h a t  t h e  i n s e c t  would n o t  g e t  

c a r r i e d  i n d e f i n i t e l y  f a r .  

The c u r r e n t  speed  and t h e  s u b s t r a t e  are i n t e r r e l -  

a t e d .  ( F i g .  2,3)  The f a s t e r  t h e  wa te r  t h e  l a r g e r  a r e  t h e  

s t o n e s .  Presumably a n y t h i n g  s m a l l e r  would be tumbled 

away.. Underneath t h e  r o c k s ,  and p r o t e c t e d  froin t h e  

d i r e c t  a c t i o n  of t h e  c u r r e n t  t h e r e  may be s m a l l e r  p a r t i c l e s .  

The a r t i f i c i a l  s t r eam was f irst  s e t  up t o  observe t h e  

c u r r e n t s  around rocl<s. Then a  slow and a f a s t  a r e a  were 

made. The slow a r e a  had more d e t r i t u s  i n  i t ;  it was 

i s o l a t e d  from t h e  f a s t  c u r r e n t  by su r round ing  it w i t h  
. - - 

- - 

b i g g e r  r o c k s .  ( B i g .  ) I n s e c t s  were r e l e a s e d  i n  t h e  

v a r i o u s  a r e a s  w i t h  t h e  i n t e n t  of obse rv ing  whether  o r  

n o t  t h e y  moved from one a r e a  t o  ano the r .  (Tab le  5) Th i s  

was n o t  p o s s i b l e  because am1 of t h e  i n s e c t s  were washed 

o u t  o f  t h e  s t ream and down t h e  d r a i n .  Th i s  l o s s  was an 

advantage  i n s o f a r  a s  it was observed t h a t  t h e  i n s e c t s  

were most l i k e l y  t o  be washed away when t h e  c u r r e n t  

speed was changing. The pump t h a t  brought  l a k e  wa te r  i n t o  

t h e  s t r e a m  d id  n o t  have a  uniform p r e s s u r e  s o  when i t  surged 

on i n s e c t s  wou1.d d r i f t .  If t h e  c u r r e n t  was c o n s t a n t  t h e r e  

was no ( o r  ve ry  l i t t l e )  d r i f t  even when t h e  c u r r e n t  was 

v e r y  s t r o n g .  

The o b s e r v a t i o n  of d r i f t  when t h e  c u r r e n t  changes 

c o r r e l a t e s  w i t h  t h e  obse rva t ion  of d r i f t  peaks  a t  dawn an d 

dusk. It i s  a t  t h i s  t ime  t h a t  t h e  i n s e c t s  move from one 

p a r t  of  t h e  r o c k s  t o  a n o t h e r ,  and t h e r e b y  change t h e  

c u r r e n t  speed t h a t  t h e y  a r e  exposed t o .  The c u ~ r e n t  around 

r o u k s  was observed a t  two d i f f e r e n t  speeds  and dep ths .  It 
was found  t h a t  when t h e  



l a rge  rock creates an area of slower c u r r e n t  behind it. 
5 s  is indicated by the presence of dye there when it 
23s been washed away elsewhere. C u r r e n t  moves left to 
zlght  . 



Dye stays caught a round  nooks iu t h e  r o c k s  and p i ece s  
of dead l e a v e s  over t h r e e  minutes a f t e r  t h e  dyed.water  
elsewhere had washed down the d r a i n .  



Two habitats were created in t h e  stream, a slow, 
detritus-filled one, and a faster area. The presence of 
dye in the d e t r i t u s  area shows that it is, in fact, slow. 



Table 5 

Insects  laced in the A r t i f i c i a l  Stream. 

18 Tr i chop te ra  
4 Ileophylax 
10 Fycnops-yche 
4 Hydropsyche 

6 P l e c o p t e r a  
3 Phassanoyhora 
3 I s o p e r l a  

2 Odonata 
2 Boyeria 

2 Henip te ra  
2 Corixidae  

5 U i p t e r a  
5 Rhagionidae 

1 Coleopte ra  
1 Elmidae 



water  was shal low t h e r e  was a g e n e r a l  t u r b u l e n c e  and 

l a c k  of I s y e r i n g .  There was no bour~dzry l a y e r .  When t h e  

wa te r  was deeper  ( t u i c e  a s  deep)  t u r b u l e n c e  was r e s t r i c t e d  

t o  t h e  a r e a  around t h e  r o c k s  and a l i t t l e  on t o p ,  But t h e  

main body of watzr  f lowed smoothly over  t h e  t o p  i n  a  l a y e r ,  

There was c o n s i d e r a b l e  exchznge between t h e  two l a y e r s  but  

t h e  a r e a  r i g h t  around t h e  r o c k s  was p r o t e c t e d  from t h e  

c u r r e n t .  The f a s t e r  t h e  f low t h e  more pronounced was t h e  

l a y e r i n g ,  The s lower  t h e  f low t h e  more l i k e l y  t h a t  t h e r e  

was g e n e r a l  t u r b u l e n c e ,  exposing more of t h e  r o c k s  t o  t h e  

c u r r e n t .  ( F i g .  ) ?his  i s  t h e  o p p o s i t e  of what would 

be expec ted  a t  f i r s t ,  b u t  if d e e p e r ,  f a s t e r  wazer d i d  n o t  

c r e a t e  a  s u b s t a n t i a l  p r o t e c t e d  a r e a  t h e  animals  t h a t  l i v e d  

t h e r e  would be exposed t o  a  formidable  c u r r e n t .  ' Ihat  t h e y  

a r e  n o t  i s  e v i d e n t  by examining t h e i r  morphological  a d a p t a t i o n s  

t o  t h e  c u r r e n t .  (Hynes 1970) 

Dye r e v e a l s  t h e  c u r r e n t  around a  rock  about  two i n c h e s  

i n  d i a m e t e r  t o  be t u r b u l e n t  i n  f r o n t  and back. The l a r g e r  

t u r b u l e n t  a r e a  i s  behaind  t h e  rock .  There i s  a  vGry l i t t l e  

t u r b u l e n c e  en t h e  t o p ,  The s w i r l i n g  of t u r b u l e n c e  i n d i c a t e  

t h e  boundary l a y e r  f o r  it i s  n o t  a s t a g n a n t  a r e a ,  bu t  one 

where t h e  c u r r e n t  does  n o t  t a k e  one d i r e c t i o n .  ( P i g .  1 

Discuss ion  

The r e s u l t s  s u p p o r t  t h e  h y p o t h e s i s  t h a t  d r i f t  i s  a 

non-phenomenon, ~ e r e l y  e x p l a i n a b l e  by t h e  c u r r e n t .  Those 

animals  most l i k e l y  t o  d r i f t  were found t o  be t h o s e  o c c u r r i n g  

i n  t h e  most g e n e r a l  h a b i t a t s .  A change i n  t h e  c u r r e n t  was 

found t o  v a s t l y  i n c r e a s e  d r i f t  ( i f  t h e  change was an i n c r e a s e  

i n  c u r r e n t ) ,  Ihe  r e s u l t s  a r e  f a i r l y  a c c u r a t e ,  though some 



f a c t o r s  could  have i n t r o d u c e d  e r ro r . .  C o l l e c t i n c  i n  t h e  f i v e  

d i f f e r e n t  h a b i t a t s  was good f o r  t h e  r;;ost co[nn!on s p e c i e s ,  but  

it cou ld  have been o f f  f o r  t h e  r a r e r  ones. SLnce t n e  common 

a n i r i a l s  were c o n c e n t r s t e d  on, and unique animals  d i scoun ted  

t o  an e x t e n t ,  t h i s  probably  was n o t  a l l  t h a t  i m p o r t a n t .  I f  

an animal  was common i n  one h a b i t a t  and r a r e  i n  a n o t h e r , i t  

would have been c o l l e c t e d  i n  t h e  com!non h a b i t a t  and even i f  

missed i n  t h e  r a r e  it would be a l l  r i g h t  because where it 

i s  r a r e  i t  i s  probably  l e s s  s u i t e d  t o  l i v e .  

D r i f t  n e t s  t h a t  worked would p o s s i b l y  have caught  

more d r i f t e r s .  yhe mesh c n  t h e  n e t s  t h a t  were used was so  

f i n e  t h e  c u r r e n t s  around t h e  n e t s  made them i n o p e r a b l e .  

A s u b s t a n t i a l  p a r t  of t h e  s t r3am wate r  d i d  f low by t h e  

i s l a n d  s o  it was p robab ly  a  good random s e i v e  t h a t  sampled 

d r i f t .  

The- c u r r e n t s  i n  t h e  s t ream were probably  measured 

r a t h e r  i n n a c c u r a t e l y .  The t e s t  was only  q u a l i t a t i v e  us ing  

t h e  g r e e n  dye. S i n c e  t h e  dye was r e l e a s e d  by throwing i t  

o v e r  t h e  w a t e r ,  t h e  s u r f a c e  wa te r  would be t h e  most co lo red .  

If t h e  w a t e r  2/3 of t h e  way down behaved ve ry  d i f f e r e n t l y  

from t h e  t o p  t h i r d ,  t h a t  would n o t  be r e f l e c t e d  i n  t h i s  

s tudy .  However t h e  s u b s t r a t e  i s  an a c c u r a t e  r e f l e c t i o n  of 

t h e  c u r r e n t  t h a t  f l o w s  over  i t ,  and t h a t  could  be a c c u r a t e l y  

observed.  

It i s  p o s s i b l e  t h a t  an a r k i f i c i a l  s t ream t h a t  i s  one 

t o  f i v e  i n c h e s  deep behaves d i f f e r e n t l y  than  a  s t ream t h a t  
U i s  one t o  f i v e  f e e t  deep.  u t  t h i s  d i f f e r e n c e  i s  more 

l i k e l y  t o  be q u a n t i t a t i v e  than  q u a l i t a t i v e ,  s o  t h e  g e n e r a l  

d e s c r i p t i o n  of what happens around t h e  rocks  i s  probably 

accuyai;e. It i s  t h i n g s  l i k e  t h e  d e p t h  of t h e  f a s t  



l a y e r ,  and t h e  a r e a  of t h e  boundary l a y e r ,  and t h e  c u r r e n t  

speed  n e c e s s a r y  t o  ach ieve  l a y e r i n g  t h a t  would c h a n ~ e .  

It would have been d e s i r a b l e  t o  d i s t i n g u i s h  more 

p r e c i s e l y  between t h e  f i v e  h a b i t a t s .  'Lhis cou ld  be done 

measuring c u r r e n t  speed over  t h e  f i v e  a r e a s ,  t a k i n g  micro 

oxygen samples  a t  t h e  s u b s t r a t e  l e v e l ,  and p o s s i b l y  

q u a n t i f y i n g  t h e  amount of d e t r i t u s  i n  each h a b i t a t .  That 

would be d i f f i c u l t  because s t r eams  v a r y  s o  much from one 

square  f o o t  t o  ano the r .  I n  f a c t  t h i s  v a r i a t i o n  i s  s o  

g r e a t ,  f u r t h e r  s t r e a n  work must c o n c e n t r a t e  on unders t and ing  

t h i s  v a r i a t i o n  s o  t h a t  q u a n t i t a t i v e  sarnplipg of some s o r t  

o r  a n o t h e r  i s  p o s s i b l e .  U n t i l  t h e  sampling problems a re  

e x p l a i n e d  q u a n t i t a t i v e  sampling i n  s t r eams  i s  a  joke.  

Ferhaps t h e  whole emphasis o f  s t r eam r e s e a r c h  h a s  t o  f o c u s  

down t o  t h e  c e n t i m e t e r ,  and d e f i n e  t h e  d i f f e r e n c e s  i n  

m i c r o h a b i t a t s  and what de te rmines  them. 

Conclusion 

The phenomenon of s t ream d r i . f t  r e p r e s e n t s  t h e  i n d i r e c t  

e f f e c t s  of many o t h e r  behavior  p a t t e r n s  when c a r r i e d  ou t  i n  

a  f lowing  environment.  D r i f t  i s  a d i r e c t  i n d i c a t o r  of 

n o t h i n g  bu t  c u r r e n t .  Other  t h i n g s  should  be s t u d i e d  if any 

deep unders t and ing  of stream l i f e  i n t e r a c t i o n s  i s  t o  be 

gained.  
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