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ABSTRACT 

mf Genera l l y ,   t he   wa te r   qua l i t y   o f   Besse t te  Creek i n   t h e  

i m e d i a t e   v i c i n i t y   o f   t h e  Lumby sewage lagoon was not  found t o   d i f f e r  

f rom  that   upstream. However, e x f i  1 t r a t   i o n   f r o m   t h e  sewage lagoon was 

ev ident  as ind ica ted   by   inc reased 1 eve1 s o f  ammonia d u r i  ng  reduced 

s t  reamf 1 ows. 

B o t h   m u l t i p l e   p l a t e  and mod i f ied  Hess c i r c u l a r  sample  methods 
i nd i ca ted   t he   macro inve r teb ra te  community s t r u c t u r e   o f   B e s s e t t e  Creek t o  

be i n d i c a t i v e  o f  a clean  waterstream. The macroinvertebrate  community 

s t r u c t u r e   a t   s t a t i o n s  1 t o  5 was s i m i l a r  and any major  impact due t o  a 

lagoon  discharge  should  be  detectable.  

Y 



En general, la qualite des eaux du ruisseau Bessette, a proximite du 

bassin  de stabilisation des eaux usees de Lumby, n'est  pas differente 

de celle des eaux situees en amont. Toutefois, les teneurs plus elevees 

en ammoniaque, relevees en periodes de debit plus faible, indiquent 

une certaine deperdition des eaux du bassin. 

L'etude de la composition des populations de macro-invertebr& du 

ruisseau Bessette, effectuee 2 l'aide d'un echantillonneur plaques 

multiples et d'un echantillonneur Hess modifie a cadre circulaire, revel@ 

que les eaux de ce ruisseau sont propres. 2 chacune des 5 stations 
echantillonnees, les populations etaient semblables et toute incidence 

majeure d'un rejet provenant du bassin de stabilisation aurait dtr etre 

decelable. 
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SUMMARY AND CONCLUSIONS 

Evidence of exf i l t ra t ion  from the sewage lagoon was detected on 
three  occassions when  ammonia levels were appreciably  greater t h a n  
background levels. The increased  concentrations were evident d u r i n g  
reduced  flow conditions. Water hardness and total  inorganic carbon were 
slightly  higher a t  s t a t i o n  6 ,  l ikely due to  the  influence of  Vance Creek. 

The Shannon and Weaver macroinvertebrate  diversity index was 
generally  greater t h a n  3, except for October 1975, when values of less 
t h a n  1 were detected a t  stations 1 t o  5 inclusive.  Diversity index 
values between 3-4 are  indicative of clean  water  streams. The reduced 
divers i ty  i n  October is   a t t r ibuted t o  the  hatching of a large number  of 
chironomidae i n  t h a t  reach of the  creek. A t  t h a t  time s ta t ion 6 had a 
divers i ty  of 2.87 indicating a different  macroinvertebrate community 
structure.   Stations 1 t o  5 inclusive were similar w i t h  respect t o  
macroinvertebrate community structure and major changes result ing from 
the  sewage lagoon discharge  should be detectable. 

Multiple  plate sample methods  proved effect ive i n  the 
collection of macroinvertebrates dur ing  periods when water depth and 
flows p r o h i b i t  natural  substrate  collection methods. 

Bank s tabi l izat ion work  was carried  out along the sewage 
lagoon's  creek edge i n  July 1975, and i t  is  speculated an impact may have 
been detectable .5 km downstream as evidenced by a reduction i n  density 
o f  organisms. 

A follow-up  survey  should be conducted when a point  source 
discharge  occurs  after  the lagoons have sealed. 
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INTRODUCTION 

The B r i t i s h  Columbia P o l l u t i o n   C o n t r o l   p e r m i t   i s s u e d   t o   t h e  

V i l l a g e   o f  Lumby i n  1967, au tho r i zed   t he   d i scha rge   o f  an average  of  685 

m3/day o f   t r e a t e d  sewage e f f l u e n t   f r o m   A p r i l  15 t o  June 14 i n t o  

Besset te  Creek a t  a r a t e   n o t   t o  exceed a minimum d i l u t i o n   o f   2 0 : l  ... i n  

cases o f  emergency, a l im i ted   d ischarge  wou ld  be  al lowed  from  October  16 

t o   A p r i l  15 . . . s u b j e c t   t o  a minimum d i l u t i o n  o f  20: 1. An amendment was 

added i n  1973, t o   p r o v i d e   f o r   c h l o r i n a t i o n   p r i o r   t o   d i s c h a r g e   o f   B e s s e t t e  

Creek. 
The Department o f   F i s h e r i e s  and Environment , F i s h e r i e s  and 

Mar ine   Se rv i ce   repo r t   t ha t   Besse t te  Creek i s   p r o b a b l y   t h e  most  important 
salmon t r i b u t a r y   o f   t h e  Shuswap River.  An average o f  1000-2500  coho 

spawn i n  it y e a r l y ,  and a l a r g e  number o f   t h e s e  spawn i n   t h e   v i c i n i t y   o f  

t h e  proposed o u t f a l l .   I n   a d d i t i o n ,  spawn ing   reco rds   i nd i ca te   t ha t   i n   t he  

area o f  t h e   o u t f a l l  25-75 chinook salmon spawn each  year.  Important  coho 

salmon  and t r o u t   r e a r i n g   a r e a s   e x i s t   n e a r   t h e   o u t f a l l  and throughout 

sec t i ons  o f  t h e   e n t i r e  system. 
The t o x i c   n a t u r e   o f   c h l o r i n a t e d  sewage has been demonstrated on 

salmon  (Buckley,  1976;  Buckley " e t   a l ,  1976;  Martens and S e r v i z i ,  1974, 

S e r v i z i  and Martens, 1974, M a t t i c e  and Z i t t e l ,  1976) and on i n v e r t e b r a t e  

an ima ls   (Mat t i ce  and Z i t t e l ,  1976;  Dickson e t   a l ,  1977).   Consider ing  the 
t o x i c   n a t u r e   o f   c h l o r i n a t e d  sewage and t h a t   t h e  comnencement o f   d i s c h a r g e  
was inde f in i t e   pend ing   t he   l agoons   f i l l i ng ,   t he   Env i ronmen ta l   P ro tec t i on  

S e r v i c e   i n   c o n s u l t a t i o n   w i t h   t h e   P o l l u t i o n   C o n t r o l   B r a n c h   i n i t i a t e d  a 

p red ischarge   s tudy   i n  1975 t o  assess  the  macroinvertebrate  community 
s t r u c t u r e  and the   chemica l /phys i ca l   wa te r   qua l i t y   o f   Besse t te  Creek. 

Samples  were c o l l e c t e d   i n   t h e   e a r l y  summer o f  1975, the   f a1  1 o f  
1975 and t h e   s p r i n g   o f  1976. To assess  the  macroi  nvertebrate  community 

s t ructure  dur ing  f reshet   condi t ions,   Hester-Dendy mu1 t i p l  e p l   a te   samplers  

were  used  (Hester and Dendy, 1962). 

J 
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I n  addition, on two occassions a modified  Hess circular sampler (Hess, 
1941) was  used so a comparison  between natural substrate and art if icial  
substrate  collections could be  made. This report  presents an assessment 
o f  community structure based primarily on the  multiple  plate sampler w i t h  
some comparisons drawn  between the two methods. 
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2 DESCRIPTION OF STUDY AREA 

Besset te  Creek i s   l o c a t e d   i n   t h e   c e n t r a l   i n t e r i o r   o f   B r i t i s h  

Columbia, 24 km eas t   o f   t he  City o f  Vernon (F igu re  1). Bessette Creek 

f l ows   t h rough   the   eas te rn   pe r iphe ry   o f  Lumby V i l l a g e   l i m i t s  and t h e  Lumby 

sewage lagoon l i e s   i m m e d i a t e l y   a d j a c e n t   t o   t h e   c r e e k   ( F i g u r e  2). The 

sewage lagoon was completed  towards  the end o f  1974 and i s  compr ised  o f  a 

complete  mix and a e r a t i o n   c e l l   f o l l  owed by   two   po l   i sh ing   ce l l  s and a 

c h l o r i n e   c o n t a c t  chamber. Dur ing   t he   pe r iod   o f   s tudy   t he  #1 p o l i s h i n g  

c e l l  was o n l y   p a r t i a l l y   f i l l e d  and t h i s  remained  unchanged  through  June 

1975 - June 1976, 1 i k e l y  due t o   e x f i  1 t r a t i o n  and evaporation  processes. 
F i v e  sample s t a t i o n s  were establ ished;  a contro l   immediate ly  

upstream o f   t h e   l a g o o n   ( S t a t i o n  #l), one 10 meters  upstream o f   t h e  

p r o p o s e d   o u t f a l l   ( S t a t i o n  # 3 ) ,  one 10 meters downstream o f   the   p roposed 

o u t f a l l   ( S t a t i o n  #4),  one 0.5 km downstream o f   t h e   p r o p o s e d   o u t f a l l  
( S t a t i o n  #5) and a t  a s i t e  6.5 km downstream ( S t a t i o n  #6, F igu re  1). A 
d e s c r i p t i o n   o f   t h e  sample l o c a t i o n s   a r e   g i v e n   i n  Appendix I. 

months o f  May and June ( F i g u r e  3 )  and f lows as h igh  as 34 m3/s  have 
been  repor ted.   Dur ing  that   per iod  water   depth i n   t h e   r i f f l e  areas 
s t u d i e d  i s  i n  the   o rde r   o f  1.5 meters. I n   t h e  autumn, wa te r   l eve l s  i n  

t h e  same areas  can be less   than .15 meters and f l ows  as low as 0.3 
m3/s occur. 

S p r i n g   f r e s h e t  on Bessette Creek genera l l y   occurs  between the  
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3 METHODS AND MATERIALS 

3.1  Water Chemistry 

A1 1 water sampl  es were c o l  1 ec ted   w i th  a  3 1 i t r e  Van Dorn 

b o t t l e .  Water  samples f o r   d i s s o l v e d  oxygen  were t r a n s f e r r e d   t o  300 m l  

BOD bo t t les ,   p reserved  immedia te ly   w i th  manganese s u l f a t e  and a l k a l i -  

iod ide-az ide  reagents and t i t r a t e d   a g a i n s t  a .025 N sodium  th iosulphate 

s o l u t i o n   w i t h i n  12 hours. The samples f o r   t o t a l   o r g a n i c  and ino rgan ic  

carbon were s t o r e d   i n  a 100 m l  po lyethy lene sample b o t t l e .  Two separate 

un t rea ted  samples,  one f o r   t u r b i d i t y ,   c o n d u c t i v i t y ,   h a r d n e s s  and pH, and 
a second fo r   n i t ra te -n i t rogen ,   t o ta l   ammon ia -n i t rogen  and t o t a l  phosphate 

were  stored i n  500 m l  po lyethy lene  sample  bot t les.  Samples f o r   t o t a l  

d issolved  phosphate were i m m e d i a t e l y   f i l t e r e d   t h r o u g h  a d i s t i l l e d  
water-washed 0.45 mic ron   ce l lu lose   ace ta te  membrane f i l t e r  and s t o r e d   i n  
a 125 m l  po lyethy lene  sample  bot t le .  A1 1 samples  were kept   coo l   w i th  wet 

i c e ,  and re tu rned  to   the   Env i ronment  Canada, Envi ronmenta l   Protect ion 

Serv i ce  - F isher ies   Serv ice ,  Cypress  Creek  Laboratory, West Vancouver 

w i t h i n  16  hours.  Samples  were  analysed u t i l i z i n g   t h e  methods o u t l i n e d   i n  
t h e   P o l l u t i o n   S a m p l i n g  Handbook o f   the   Env i ronmenta l   Pro tec t ion   Serv ice  

o f  Environment Canada (Anonymous,  1976).  Temperature was recorded  wi th  a 
standard hand- held  thermometer. 

3.2 Macroi   nvertebrates 

F i ve   mu l t i p le   p la te   samp le rs  (0.1 m2 each)  were i n s t a l l e d  

a t  each s t a t i o n  and al lowed t o  co lon i ze   f o r   app rox ima te l y   f ou r  weeks. 

Each  sampler was suspended from a two  meter   p iece  o f  1.3 cm diameter 
r e i n f o r c i n g   s t e e l   b a r ,   d r i v e n   i n t o   t h e   c r e e k  bed. A 454  gram p i e c e   o f  

f i sherman 's   penc i l   lead  was s t rung  on t h e  sampler l i n e  (2.38 mm diameter 

s t a i n l e s s   s t e e l   c a b l e )   t o   a i d   i n   s u b m e r s i o n  and the  samplers were 

suspended i n   t h e   w a t e r  column  and adjusted on the   bar  so t h a t   d u r i n g   l o w  

f lows  they  would be suspended j u s t  above the  creek  bottom. Upon c o l   l e c -  

t i o n  and so as t o  prevent escapement  each sampler was q u i c k l y  and 

c a r e f u l l y   p l a c e d   i n  a  one ga l l on   con ta ine r .  The sampler was dismant led 
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i n   t h e   c o n t a i n e r ,   e a c h   p l a t e   c a r e f u l l y   b r u s h e d   w i t h  a so f t   t oo thb rush ,  

washed i n  a 354 micron mesh sieve, and preserved  w i th  a s o l u t i o n  o f  10 
percent  formaldehyde  unt i 1 sor ted ,   iden t  i f i  ed  and  enumerated. 

For  comparat ive  purposes,  on  two  occassions,  three  samples  of  

mac ro inve r teb ra tes   were   co l l ec ted   a t   each   s ta t i on   us ing  a (0.093 m2) 

mod i f i ed   c i r cu la r   samp le r   w i th  a 351  micron  Ni tex  c lo th  (Hess,  1941, 
Waters and Knapp, 1961). The samples  were t r e a t e d   i n   t h e  same manner as 

t h e   m u l t i p l e   p l a t e  samples. 

A w i l d  M5 stereo  microscope and a M11 compound microscope  were 

used f o r   i d e n t i f i c a t i o n  purposes   a long  w i th   the   b io log ica l   keys   o f  Pennak 
(1953), Ward and Whi pp l  e (1959)  and  Usinger  (1968). 

3.2.1 Data   Hand l ing   and  Presenta t ion .   For   the   purpose  o f   th is   s tudy  
the   te rm  " taxa"   denotes   tha t   macro inver tebra tes  have  been i d e n t i f i e d   t o  
t h e   t a x o n o m i c   l e v e l   o f   f a m i l y   o r   t h e   l o w e s t   i d e n t i f i a b l e   l e v e l  above 

fam i l y .   De ta i l ed   ana lyses   f o r   t he   mu l t i p le   p la te   samp le rs   a re   repo r ted  

i n  Appendix I1 and c i r c u l a r  sampler  data i s  a v a i l  ab le  on request   f rom  the 

author. 
Community s t r u c t u r e  was determined  using  the Shannon  and Weaver 

( 1 9 6 3 )   f o r m u l a   f o r   d i v e r s i t y   H ' ( d )  = $ p i   l o g z p i   ( p i  = n i /N ,   n i  = t h e  

number o f   i n d i v i d u a l s   i n   t h e  i species, N = t h e   t o t a l  number o f  

i n d i v i d u a l s  sampled)  as  described  by  Pielou  (1966) and Wi 1 hm and D o r r i s ,  
(1968). Eveness with w h i c h   t h e   i n d i v i d u a l s   a r e   d i v i d e d  among t h e   t a x a  

was determined  using  the  formula J = i log2p i  

( s  = t h e   t o t a l  number o f   spec ies  sampled, J max = 1 ) as descr ibed  by 
Pielou  (1966).  

-x p1 og*s 

The p e r c e n t   d i s t r i b u t i o n   o f  organisms  (by  order), mean number 

o f  organisms  per  square  meter and t o t a l  number o f   t a x a   ( b y   f a m i l y )  were 

determined  for   each  composi te   sample  ( to ta l   o f  a1 1 p la tes   recovered  per  

s t a t i o n ) .  

Data  analysis  and  computations  were  performed on a Hewlet t -  

Packard Model 9830A computer. 
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4 RESULTS AND D I S C U S S I O N  

4.1  Water  Chemistry 

Temperature, pH, d i sso l ved  oxygen, percent   sa tura t ion ,  

t u r b i d i t y  and hardness  are  presented i n  Table 1 whi 1 e t o t a l  phosphate 

(TPO4) , t o t a l   d i s s o l v e d  phosphate, t o ta l   o rgan ic   ca rbon  (TOC) , t o t a l  

i no rgan ic   ca rbon   (T IC) ,   n i t ra te   n i t rogen  (NOS-N) and t o t a l  ammonia 

n i t r o g e n  (NH3 + NH4+) are  presented i n  Table 2. The monthly 

mean f l ows   f o r   Besse t te  Creek  between  1973-1976  are shown i n  F igure 3 

(Water  Survey o f  Canada, 1974-1977). 
Temperature  ranged  between 4.5-18.5"C f o r   t h e   p e r i o d  samples 

were c o l l e c t e d ,   d i s s o l v e d  oxygen  between 8.1-14.3 mg/l,   percent 

s a t u r a t i o n  between 83.3 and  141.9%, and pH between 7.3-8.6. These values 

a r e   c o n s i s t e n t   w i t h   t h o s e  recommended f o r   t h e   p r o t e c t i o n   o f   f r e s h w a t e r  

s t reams   (Wate r   Qua l i t y   C r i t e r i a ,  1972, and McKee and Wolf,  1963).  There 

was  no ev idence  o f   the  lagoon  hav ing any a p p r e c i a b l e   a f f e c t  on Bessette 

Creek w i t h   r e s p e c t   t o   t h e  above  parameters. 

T u r b i d i t y  ranged  between h igh   va lues   o f  21-39  JTU's  during 

f reshe t   pe r iods  (May-June) t o  lows o f  approximately 3.0 JTU's  during 

summer and  autumn. T u r b i d i t y   v a l u e s   i n   t h e   r a n g e  o f  200 u n i t s   a r e  

g e n e r a l l y   r e p o r t e d  as having no harmfu l   e f fec ts  on f i s h  (McKee and Wol f e y  

1963). On the  three  occassions  water  hardness was measured,  hardness 
ranged  between 20-170 mg/l  which i s  i n d i c a t i v e   o f   s o f t  t o  modera te ly   so f t  

water.  There was  no ev idence  o f   the  lagoon  hav ing any a p p r e c i a b l e   a f f e c t  
on  Bessette Creek w i t h   r e g a r d s   t o   t u r b i d i t y  and  hardness. 

Sewage e f f l u e n t   c o n t a i n s   n i t r o g e n ,  phosphorous  and  carbon,  each 
o f  wh ich   a re   assoc ia ted   w i th   t he   eu t roph ica t i on   o f   l akes  and  streams. 

N i t r o g e n   i n   t h e   f o r m   o f  NO3 i s  c o m p l e t e l y   f r e e   t o  move through  the 
so i l   un less   i n te rcep ted   by   p lan ts .   Wh i le   n i t rogen   i n   t he   f o rm  o f  NH3 
may be  adsorbed f o r  a s h o r t   p e r i o d   i n   s o i l s   t h r o u g h  exchange phenomena, 

i t  i s   e v e n t u a l l y   n i t r i f i e d   t o  NOS-N and becomes h igh l y   mob i l e  
(Oldham,  1975). N i t r o g e n   i n   t h e   s o i l  can be  removed th rough   p lan t  

u p t a k e ,   s o i l   s t o r a g e ,   d e - n i t r i f i c a t i o n ,   v o l a t i z a t i o n  and l e a c h i n g   t o  

ground  water  or  surface  water.  Phosphorous i n  sewage e f f l u e n t   i s  
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p r i m a r i l y   i n   t h e   f o n n   o f   d i s s o l v e d   o r t h o - p h o s p h a t e   w h i c h   i s   t h e   f o r m   t h a t  

can be absorbed d i r e c t l y  by a l g a l   c e l l s .  Phosphorous i s   r e a d i l y  adsorbed 

t o  s u r f a c e   p a r t i c l e s   o f   s o i l   ( p r o v i d e d  it i s  no t   p rev ious ly   sa tura ted)  

and i s   n o t   g e n e r a l l y  made ava i l ab le   aga in   by   b io log i ca l  means, thus   the  

1 i kel  ihood  of   groundwater  contaminat ion  wi th  phosphorous i s   n o t  as great  

as  wi th   n i t rogen.  

Whi le   the  number o f   d a t a   p o i n t s   i s   n o t   l a r g e  some general 

observations  can be made w i t h   r e s p e c t   t o   n u t r i e n t s .   N i t r a t e  

concent ra t ions   genera l l y   ranged between < l o  - 30 u g / l   b u t   i n   A p r i l  1976, 
v a l u e s   o f  120 - 150 ug / l  were recorded  throughout  the  study  area. 

Ammonia concentrat ions  general ly  ranged  between<5-18  ug/ l   but  on t h r e e  
o c c a s s i o n s   h i g h e r   c o n c e n t r a t i o n s   i n d i c a t e d   t h e   l i k e l y h o o d   o f   e x f i l t r a t i o n  

f rom  the  sewage lagoon. On J u l y  30,  1975  and October 21, 1975 ( f l ows  .34 

and .40  m3/s r e s p e c t i v e l y )   s t a t i o n s  1 and  6 r e p o r t e d   v a l u e s   o f   < 5  - 7 
u g / l   w h i l e   s t a t i o n s  3, 4, and  5 had values  ranging  from  between 20 - 66 
u g / l  On Apr i  1 29,  1976 ( f l o w  1.61  m3/s) s t a t i o n  1 repor ted  a  Val ue o f  15 

u g / l  compared t o  a range  o f  28-35 u g / l   a t   s t a t i o n s  3, 4 and 5. 

Total   phosphate  values  were  h ighest  dur ing  f reshet when 

t u r b i d i t y  was g rea tes t  and  phosphate  concentrations  ranged  between 63 - 
180  ug/ l .   Dur ing  reduced  f lows  total   phosphorous  values  of  20 - 40 u g / l  

were t h e  norm. I r r e s p e c t i v e   o f   t h e   i n c r e a s e d  sediment  load o f   t h e   c r e e k  

d u r i n g   f r e s h e t   t o t a l   d i s s o l v e d  phosphate  concentrat ions  remained  quite 
cons is ten t   th roughout   the   s tudy   a rea   a t  10 - 30 ug/l.  Phosphate 

c o n c e n t r a t i o n s   d i d   n o t   a p p e a r   t o   i n d i c a t e   t h e   p r e s e n c e   o f   t h e  sewage 

1 agoon. 
The r e s p e c t i v e   l a r g e   i n c r e a s e s   o f  NO3-14,  NH3-N, 

TP04-P and TDP04-P a t   s t a t i o n  6  on A p r i l  20,  1976 cou ld  be t h e  

r e s u l t   o f  manure d i s p o s a l   p r a c t i c e s   a t  a farm  located  upstream. Due t o  

an  unusual ly wet year,   water was observed t o  be s i t t i n g   i n  areas o f  
manure storage  which were c l o s e   t o   t h e   c r e e k  edge. F i l  i p  and 

Middlebrooks, 1976, f o u n d   c a t t l e  waste r u n o f f   t o  be e x t r e m e l y   r i c h   i n  
n u t r i e n t s  and i n   s t i m u l a t i n g   a l g a l   g r o w t h .  They a l s o   r e p o r t e d   t h a t   a t  

more concen t ra ted   l eve l s   b ios t imu la t i on  was i n h i b i t e d  by t o x i c i t y .  
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Total  inorganic carbon concentrations were generally lowest 
d u r i n g  freshet  periods (6 - 10 m g / l )  and highest dur ing  reduced flows (24 
- 37 mg/l).  Total  organic carbon showed the  inverse  condition w i t h  h i g h  
values of 8 - 14 mg/l d u r i n g  h i g h  flows and 3 - 5 mg/l d u r i n g  reduced 
flows. 

The water quality of s ta t ion  6 was slightly  dissimilar  to t h a t  
of the  other  stations sampled. Water hardness and TIC were s l igh t ly  
greater a t  station 6 ,  1 ikely a resul t  of the  influence of  Vance Creek. 

4.2 Macroinvertebrates 
The use of macroinvertebrates  as  indicators t o  ref lect  

enviromental quality and benthic  comunity  structure  as i t  re la tes  t o  
pollution  are well documented: Cairns and Dickson, 1971; Goodnight, 
1973; Wilhm and Dorris, 1968, and Whitton, 1975. The biology o f  benthic 
invertebrates has been reviewed by Hynes,  1970 and Whitton, 1975 and 
distribution mechanisms by Waters, 1972, Williams and Hynes, 1976 and 
Peckarsky, 1979. 

Resh and Unzicker, 1975 i n  reviewing the importance of species 
identification i n  designating  invertebrates w i t h  respect  to  pollution 
tolerance  identified  the  difficult ies of identifying  imature  stages 
below the  generic  level and establ i s h i n g  ecological  tolerances  for each 
individual  species. The above feel i t  i s   f u t i l e   t o  attempt t o  develop 
water qual i t y   c r i t e r i a  by u s i n g  indicator organisms t h a t  have  been 
identified only t o  the generic  level.   Sti l l ,   certain  guidelines  for 
grouping invertebrates w i t h  respect  to  pollution  sensit ivity  are commonly 
used (Servizi and Burkhalter, 1970; Cairns and Dickson, 1971; Whitton, 
1975). Immature or  larval  stages of Ephemeroptera (mayfly),  Plecoptera 
(s tonefly) ,  Coleoptera  (beet1  e) and Trichoptera  (caddisfly)  are  general  ly 
grouped as pol 1 u t i  on sensi t i ve. Moderate1 y sensi t i ve groups i ncl ude 
Diptera (two-winged f l y ) ,  Gastropoda (snai 1 s )  , Hemiptera (waterbugs) , 
some  midge larvae and dragonfly nymphs. Pollution  tolerant organisms 
generally  include  Tubificidae worms, leeches and  some  midge larvae 
(bl oodworms) 
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Wil hm, 1970,   descr ibed  d ivers i ty  as vary ing  between 3 - 4 i n  

clean  water  streams and i s   u s u a l l y   l e s s   t h a n  one i n   p o l l u t e d  streams. 

Eveness  ranges  between 0 - 1 wi th   h igher   va lues   represent ing  a more even 

d i s t r i b u t i o n   o f  organisms among t h e   t a x a   i d e n t i f i e d .  Hughes, 1975,  has 
shown d i ve rs i t y   va r ies   w i th   t he   t ype   o f   samp le r   used  and  Hughes,  1978, 

s t u d i e d   f a c t o r s   i n f l u e n c i n g   t h e  Shannon d i v e r s i t y   i n d e x .  Hughes,  1978, 

found  tha t   w i th   Surber  samples, d i v e r s i t y   p r o g r e s s i v e l y   i n c r e a s e d   u n t i  1 

f o u r  samples  were  pooled and a d d i t i o n a l  samples  produced 1 i t t l e  change. 
He a l so   f ound   d i ve rs i t y   va r ied   seasona l l y  and t h a t   d i v e r s i t y   v a l u e s  
i nc rease   p rog ress i ve l y   w i th   t he   t axonomic   l eve l   f rom  o rde r   t o   spec ies   bu t  

t h e  same pa t te rns   a re   de tec tab le   a t   t he   o rde r   l eve l .  

On t h r e e   o f   t h e   f o u r  sample  periods mu1 t i p l e   p l a t e s  were set  

o u t   t h e   d i v e r s i t y  and eveness o f   m a c r o i n v e r t e b r a t e s   i n   B e s s e t t e  Creek 
were i n d i c a t i v e   o f  a c lean  water  stream.  For  these  three  per iods  the 

o v e r a l l  mean stream  diversity  ranged  between 2.56 - 3.66 f o r  an o v e r a l l  

mean o f  3.17 (Tab1 e  3, F igure  4) .  An e x c e p t i o n   t o   t h i s   t r e n d  was 

observed i n  October  1975, when v e r y   l o w   d i v e r s i t i e s  and eveness  were 

r e p o r t e d   f o r   s t a t i o n s  1 t o  5 ( d i v e r s i t y  = .54 - 1.02, J = .15 - .23, 

respec t i ve l y )   (F igu re   4 ) .  The reduced d i v e r s i t y   i s  a r e s u l t   o f  a l a r g e  

number o f  chironomidae  sampled i n   t h e   s t r e t c h   o f   c r e e k  between s t a t i o n  1 

and 5 (F igures 5 and G ) .  The s i g n i f i c a n c e   o f   t h i s   i s   n o t  so much t h a t  

t h e   d i v e r s i t y   i s   l o w   b u t   t h a t  i t  ind ica tes   the   c reek   be tween  s ta t ion  1 
and 5 has a s i m i l  a r  community s t r u c t u r e  and any impact  due t o  a lagoon 

discharge  should be de tec tab le .   S ta t i on  6 was e x c e p t i o n a l   f o r   t h i s  

p e r i o d   i n   t h a t   d i v e r s i t y  and eveness  were 2.87 and .66 respec t i ve l y .  

D i l l s  and Rogers,   1974,  found  that   species  d iversi ty  values i n  
po l l u ted   s t reams   (ac id   m ine   po l l u t i on )  showed no seasonal  response,  while 

t h e   u n p o l l u t e d   s t a t i o n s  showed a d e f i n i t e  seasonal  response. The 
n o n - p o l l u t e d   s t a t i o n s  had va lues   genera l l y   rang ing  between 2.5 - 4.0 

e x c e p t   f o r   t h e   l a t e  summer - e a r l y  autumn pe r iod  when v a l u e s   o f   l e s s   t h a n  

two were recorded. D i l l s  and  Rogers,  1974, a t t r i b u t e d   t h e  autumn  low 

m a c r o i n v e r t e b r a t e   d i v e r s i t y   t o   t h e   h a t c h i n g  o f  eggs o f   t hose   spec ies   t ha t  

grow  during  the  winter.  Rosenberg and Wiens, 1978, i n d i c a t e d  t h a t  
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temperate  streams i n  autumn are   charac ter ized   by  eggs hatching, an 

i n c r e a s e   i n  numbers  and growth o f   i n v e r t e b r a t e s ,  and  emergence o f   i n s e c t s  

f r o m   r e s t i n g   s t a t e s .   I n   t h e  case o f   Besse t te  Creek the  October 1975, 

r e d u c t i o n   i n   d i v e r s i t y   i s  a r e s u l t   o f  an increase i n   t h e  number o f  
chironomidae. The h i g h   d i v e r s i t y   o f   s t a t i o n  6 dur ing  October  1975 

i n d i c a t e s   t h e   d i s s i m i l a r i t y   o f   t h i s   s t a t i o n .  

Wi th   the  except ion  o f   October  1975, p lecoptera and 

ephemeroptera made up a ma jo r   pa r t   o f   t he   macro inve r teb ra te  community 

c o l o n i z i n g   t h e  mu1 ti p le   p la te   samp le rs   (F igu re   5 ) .   I n   Oc tober  1975, a 
1 arge number o f  chironomidae  were  sampled  thus  reducing  the  accumulative 

pe rcen tage   t o ta l   o f   sens i t i ve   o rgan isms   (F igu re   5 )   bu t   no t   app rec iab l y  

a f f e c t i n g   t h e  number o f   i d e n t i f i a b l e   t a x a   o f   s e n s i t i v e   o r g a n i s m s   ( F i g u r e  

6). 
D u r i n g  t h e   p e r i o d  the mu1 t i p 1  e p l a t e  samplers were r e s e t  J u l y  

3 ,  1975  and c o l l e c t e d  on J u l y  30, 1975, a work  crew  engaged i n  some 

d y k i  ng  work a l o n g   t h e   f u l l   l e n g t h   o f   t h e   l a g o o n ' s   c r e e k  edge (F igu re  2). 
The n e t   r e s u l t   o f   t h i s  work was n o t   e v i d e n t   i n   t h e   d i v e r s i t y   o r  eveness 

o f  organisms,   percent   accumulat ive  to ta l   or  number o f   i d e n t i f i a b l e   t a x a  

b u t  appeared t o  be   apprec iab le   w i th   regards   to  a r e d u c t i o n  i n  d e n s i t y   o f  

organisms i f  t h e   i n c r e a s e   i n  numbers a t   s t a t i o n  6 i s   i n d i c a t i v e   f o r   t h e  

creek  as a who1  e. However, t h i s  may no t  be the  case as i n d i c a t e d  

prev ious ly .  

Un fo r tuna te l y ,  a1 1 but  one o f   t h e   c o n t r o l   s t a t i o n  mu1 t i p l e  

p la te  samplers  were destroyed as a r e s u l t  o f  t h i s   a c t i o n   b u t   t h e   d a t a  

i nd i ca tes   t he   impac t   o f   t he  work may have  extended  downstream t o   s t a t i o n  

5 (.5 km downstream). C i r c u l a r  samples showed a s im i la r   response   w i th  

t h e   d e n s i t y   o f   m a c r o i n v e r t e b r a t e s   a t   s t a t i o n s  1 t o  4 being much lower 

than   t he   l a rge   i nc rease   no ted   a t   s ta t i on  G (F igu re  7). It i s   n o t   c e r t a i n  
whether   the  low  densi ty   o f   organisms i n   t h e   c i r c u l a r  samples a t   t h e  

c o n t r o l   s t a t i o n  1 on J u l y  30, 1975, i s  an a r t i f a c t   o f   t h e   c o n s t r u c t i o n  

work. 

W i l l i ams  " e t   a l ,  1977, r e p o r t   t h a t   n a t u r a l   b e n t h i c   d e n s i t i e s  may 
be  returned t o  s m a l l   a r e a s   o f   r i f f l e   s u b s t r a t e  15  days a f t e r   a l l   t h e  

animals  have  been removed but  some species may take as l ong  as 24 days t o  

recolon ize.  Wi 11  iams " e t  a1 , 1977, s u g g e s t   t h a t   t h e   f u l l   r e c o v e r y  of 
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total  numbers a f t e r  only two  weeks could be  due to  the over  compensation 
by  some species. A four-week period may be more appropriate  for complete 
recolonization of a1 1 t a x a  (Will iams and Hynes , 1976). 

Circular samples were taken  concurrently w i t h  retrieval of 
mu1 t ip le   p la tes  on July  3, 1975 and July 30, 1975 and once separately i n  
September 1975. Diversity  values were generally lower for  the  circular 
samples (Table  3,  Figure 7 )  b u t  were suff ic ient ly  high to  indicate a 
clean water  stream (range: 2.07 - 3.64, mean: 2.98) and the  values i n  
September 1975 (2.76 - 3.31) were not lower than  those  reported i n  July 
(Tab1 e 3).  A comparison of the  various  orders  collected and number of 
families i n  each order  are shown i n  Figure 8. The July 3 and 30, 1975 
samples indicated  the  multiple  plates  to be more select ive  for  
ephemeroptera and the  July  3, 1975 multiple  plate samples had a more 
diverse fauna of ephemeroptera. D i p t e r a  made up a greater portion o f  the 
sampl e i n  the  circul  ar  sampl es t h a n  for  the mu1 t i  pl e pl a te  samples 
(Figure 8) .  Ei sel e and Hartung , 1976 , found that  mu1 t i  ple pl a te  samplers 
showed similar  trends as a modified Hess sampler  with respect  to 
macroinvertebrate community structure.  z 

E 

I 
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F I G U R E  8 A C C U M U L A T I V E  O/' T O T A L  OF O R G A N I S M S -   M U L T I P L E   P L A T E  
S A M P L E R   V E R S U S   C I R C U L A R   S A M P L E R ,   B E   S S E T T E   C R E E K , B * C I  
(Based on a composite o f  three samples for  each  sample m e t h o d  1 rl 
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APPENDIX I1  

MACROINVERTEBRATE SAMPLING ANALYSES 



1) 

a 

II 

II) 

APPCNVlX 11 IIACI1OIPIVCI~7'EBITE SA:I?LI!IG PnYhLYSCS 

Substr.ltr T y l w :  Multiple Plate 
Statlon No: 1 
Date: 3/07/75 

riecoztcra 

Chloroperlldac 
Uemourldae 

Pcrlldac 
Pteronarclddc 
Perlodldac 

Enhemcroptera 

I3artldac 
D e h n : r ~ ~ ~ ~ d a e  
Ephenerellrdac 
Ilt.~,taqenl~dae 
Leptonhleblldae 
Sl~~hlonurldae 

Trlchontera 

Drachycentrldac 
Glossomatldac 
Ilydror,sych~d~c 
Leptocerldae 
Llmnrphllldae 
Phryqaneldae 
Pnychonylidac 
RhjaconhlIldac 

Coleoi tera 

lIal1~,lldae 
Chrysonelldac 
Curcullonldac 
D'/tlscidae 
Elrnldae 
llelorlldae 
Ilydronhllidac 
Dryopldae 
Amphlzoldae 

Diptera 

Ccratopoqonldac 
Chlronomrdae 
Tanyderldae 
Ps*;chodldac 
Rhaqlonldae 
Slrnullidae 
Tabanldae 
Tli,ulidae 
Anlsopodldae 
Nematocerd 
Brachycera 
Cyclorrhapha 

%E! 

llemlptera 

Notonectldae 

Hymenoptera 

Furmtcidae 

Lepidoptera 

Acarina 

Ollqochaeta 

Tublficidae 

Xematoda 

Hirudinea 

GastrovOda 

12 

9 

5 

2 

52 

11 
2 

41 

13 

1 

4 

26 

1 

13 
1 

1 

2 

5 6 

12 

8 

12 

3 

11 

5 
9 

16 

8 

2 
5 

1 
65 8 11  12  14 

1 

8 

24 

26 
8 

18 

4 

206 

66 
22 

114 
2 

8 

16 
26 
6 
4 

14 

22 

2 
220 

2 

16 

3 

1 

5 16 

2 

Total Number of Organisms 904 
Total Number of Taxa 13 8 12  4  10 23 



APPENDIX I1 MACROINVERTEBRATE SlVlPLING ANALYSES 

Substrate  Type: Multiple  Plate 
Station No: 3 
Date : 3/07/75 

Ir 

Invertebrate  Identiflcation Llst 
Number of Orqanisms v,cr 0.1 m L  

Sample  Nunbcr 
1 2 3 4 5 per m 2  

. "- " Total 
Number of 
Orqanisms 

(0.5 m2) 

W 

Plecoptera 

Chloroperlidac 
Nemouridae 
Perlidae 
Pteronarcidae 
Perlodidae 

Enhemeroptera 

Baetldae 
Behnirqildae 
Ephemerellidae 
Heptageniidae 
Leptophlebiidae 
Slphlonuridae 

Trlchoptera 

Brachycentridac 
Glossomatidae 
llydropsychidae 
Leptoceridae 
Limnephilidae 
Phryganeldae 
Psychonyiidae 
Rhyacophilidae 

Coleoptera 

Haliolidae 
Chrysomelidae 
Curculionidae 
Dytiscidae 
Elmidae 
Ilelodidae 
Hydrophilidae 
Dryopidae 
Amphizoidae 

Diptera 

Ceratopoqonidae 
Chironomidae 
Tanyderidae 
Psychodidae 
Rhaqionidae 
Simuliidae 
Tabanidae 
Tipulidae 
Anisopodidae 
Nematocera 
Brachycera 
Cyclorrhapha 

OTHER 

Hemiptera 

Rotonectidae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Oliqochaeta 

Tubi f icidae 

Nematoda 

Hirudinea 

Gaatropoda 

26 

4 

20  

1 2  

54 

36 
6 
6 

2 

2 

4 

28  

104 

82 

1 a 
42 

7 2  

6 8  

40  
8 

34 

8 

6 

4 

6 

4 

2 

14 

2  2 

52 

20  

8 

I 
200 

200  

4 6 4  

324 

64  
164 

1 2  

24 

40 

8 

(L 

IL 

2 

98  28 
4 

252 

6 

7 2  130 96  32  22 

26 

2 

1 6  18 

10 

2  2 

2 

2 

1 2  

704 

12 

4 

6 8  

72 

4 

Total  Number of Orqanisms 2716 

Total  Number of Taxa 1 2  13 11 7 9 23 

U 
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Y 

m 

Substratr Tyl'r: Multiple Plate 
Station No: 5 
oa te : 3/07/75 

"~ ~" ~ ~ . ". ~ __ 
?lumber of Orqan1sns xmr 0.1 m2 Number of 

Orqanisms 
__ "" 

Invertebrate  Identlflcatlon Llst Total 
Saml'le Nunbcr l n . 5  m2b , 

2 3 4 5 L per rn 
~ 

Plecoptera 

Chloroperlldac 
Vemourldae 
Perlldac 
Pteronarcldae 
Perlodldae 

C?helrroptera 

Baetldac 
Dehnlrqlldae 
Ephemerellldac 
Ileptaqenlidae 
Leptophleblldae 
Sl!,hlonurldae 

Trlchoptera 

Brachycentrldac 
Glossomatldae 
llydroosychldae 
Leptocerldae 
Limnephllldae 
Phryganeldac 
Psychonylldar 
R>;:aconhllldac 

Colcoytrra 

tlalivlldae 
Chrysonelldae 
Curcullonldae 
Dytlscldae 
Elmldae 
llclodldae 
Hydro2hllldae 
Dryooldae 
Amphlzoidae 

Diptera 

Ceratopoqonldae 
Chlronomidae 
Tanyderldae 
Psychodldae 
Rhaqlonldae 
Slmullldae 
Tabanldae 
Tlnulldae 
Anisopodldae 
NemRtocera 
Drachycera 
Cyclorrhapha 

OTHER 
Hemiptera 

Notonectidae 

Hymenoptera 

Furmicrdae 

Lepidoptera 

Acarina 

Ollqochaeta 

Tubiflcidae 

Nematoda 

Hirudinea 

Gastropoda 

1 

1 
2 

1 3 3 
7 1 8 7  1 

1 

1 

61 14  24 11 1 0  

3 4 8 4 
18 12 8 4 10 

1 

1 

4 1 8 3 4 

1 1 1 

28 

18  

88 

52 

254 

2 

130 
16 

2 

4 

14 
4 8  

2 

2 

240  

38 

104 

2 

2 

2 

2 

40  

6 

Total  Number of Organisms 
Total Number of Taxa 13 13  17  15 11 23 

1096 
23 
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Substrate Type: Multiple  Plate 
Station  No: 6 

Date: 3/07/75 

?lumhcr o f  Orqanlsms 1x-r 0.1 m L  
. . _ _ _ _  Total 

Number of 
Orqanlsms Saml,lc Nunbcr 

( 0 . 5  m2) 
4 5 per m2 

Invertebrate  Identlflcation Llst 

2 J 
. " 

Plecoptera 

Chloroperlldae 
Nemouridae 
Perlidae 
Ptcronarcldae 
Perlodidae 

Ephe-reroptera 

Baetldac 
Behnirqildae 
Ephemerellidae 
lleptaqeniidae 
Leptophlebildae 
Siphlonurldac 

Trlchoptera 

Brachycentridae 
Glossomatidae 
llydropsychidae 
Leptocerldile 
Limnephllldae 
Phryganeidae 
Psychonylidac 
Rhyacoohllidao 

ColcoiJtcrn 

Haliolidae 
Chrysomelidae 
Curcullonldae 
Dytlscidae 
Elmldae 
Ilelodldae 
Hydronhilidae 
Dryovidae 
Amphizoidae 

Diptera 

Ceratopoqonidae 
Chironomldae 
Tanyderidac 
Psychodidae 
Rhaqionidae 
Simuliidae 
Tabanidae 
Tipulidae 
Anisopodidae 
Nemntocera 
Brachycera 
Cyclorrhapha 

OTHER 
Hemiptera 

Notonectidae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Oliqochaeta 

Tubificidae 

Nematoda 

Hirudinea 

Gastropoda 

2 0  

19 

3 

22 

23 

3 5  

2 

28  

1 2  

7 

1 

1 
40 

71 

2 

50 

5 5  

2 
10 

2 

10 

36 
4 

4 

.! 

34 

14 

4 

40 

18 

24 

8 

4 

6 

2 

98 

6 

96 

2 

2 

170 

155 
* 

260 

3 5  
92 

3 0  W 

27 

15 
5 

7 
5 

V 

U 

2 

520 28  
w 

15 
455 1 

2 2  

7 

2 

1 

1 

1 

2 

1 

28 

2 

2 BO 

24'7 96 

Total  Number of Organisms 
T o t a l  Number of Taxa 

2268  

10  18  14 13 24 



APPENDIX I1 HACROIYVEH7'EBRATE SA:I?LI:iG AUALYSES 

Y 

m 

~ "" ." ~- -~ - ~ "  .~~ 

Plecootera 

Chloroperlidac 
Nemouridac 
Perlldae 
Pteronarcidae 
Perlodldae 

E-hentroptera 

Bactidac 
Behnlrqlidac 
EphemerclliJar 
tleptaqenlidac 
Leptonhlcblidac 
Slnhlonurldae 

Trlchoptera 

Brachycentrldac 
Glossomatidac 
liydropsychldsc 
Leptocerldae 
Limnrphllldac 
Phryqaneldae 
Psychonylldae 
Rhyacoohllldac 

Coleoptera 

Ilall'>lldae 
Chrysonelldar 
Curcullonidae 
D:itlscldae 
Elmldae 
Ilelodldae 
Hydroghrlldae 
Dryonldae 
Amphlzoldac 

Dlptera 

Ceratopoyonldac 
Chlronomidac 
Tanyderldae 
Psychodldae 
Rhaglonldae 
Slmullldae 
Tabanldae 
Tlpulidae 
Anisopodldae 
Nematocera 
Brachycera 
Cyelorrhapha 

0= 

Hemlntera 

Notonectidae 

Hymenoptera 

Furmlcidae 

Lepidoptera 

Acarina 

Ollqochaeta 

Tublflcidae 

Xematoda 

Hirudinea 

Gastropoda 

Total Number of Organisms 
Total Number of Taxa 

1 

1 

6 

9 

2 

1 
5 

1 

31 

8 

" 

4 5 
"" ~ 

per m L  

10 

60 

90 

20 
10 
50 

10 

310 

560 
8 



APPENDIX 11 MACROINVCRTEBRATE SA:IPLI!IG AVALYSES 

Substrate  Type: Multiple  Plate 
Station  No: 3 
Date: 30/u7/75 

~ .. "" 

!iumhcr of Orqanlsns rwr 0.1 m2 Number of I 
Invertebrate  Identlflcatlon Llst 

"~ 

Sample  Number 
Total 

1 0 . 5  m2) 
Orqanlsms 

1 2 3 4 5 per m2 

Plccoptera 

Chloroperlidac 
Yemourldac 
Perlldac 
Pteronarcldae 
Perlodldac 

Enhencrontera 

Uactidat 
Dehnlrqiidac 
Ephumercllldac 
Ileptaqenlldac 
Lcptoohleblidar 
Slphlonurldae 

Trlchoptera 

Brachycentrldac 
Glossomatldae 
llydropsychldae 
Leptocerldac 
Limnephi 1 >(lac 
Phryqaneldae 
Psychonylldac 
Rhyacophllldac 

COleOptCrR 

t l n l l . , l , d a e  

Chrysonelldae 
Curculionldae 
Dytlscidac 
Elmidae 
Ilelodldae 
Hydrophilldac 
Dryopidae 
Amphizoidae 

Diptera 

Ceratopoqonldae 
Chironomidae 
Tanyderldac 
Psychodidae 
Rhagionidae 
Simulildae 
Tabanidae 
Tioulidae 
Anisopodidae 
Nematocera 
Drachycera 
Cyclorrhapha 

OTHER 

Hemintera 

Ilotonectldac 

Hymenoptera 

Fumicldae 

Lepidoptera 

Acarina 

Oligochaeta 

Tublficidae 

Nematoda 

Hirudinea 

Gastropoda 

1 

1  1 

1 

1 

4 

6 
I 

2 
2 
4 

10 

16 

1 
2 

1  2 

1 5 2 

2 3 4 3 
5 

6 4 I 19  2 
2 1 2 1 

1 1 4 

24 
10 
64 
12 

12 

1 

1  1 3 2 

2 

14 

1 2 

10 
8 

1 1 3 
1 2 1 

1 
1 

1 

1 8 
16 

1  2 
1 5 2 

2 

1 I 

It 

1 1 

2  1 

4 

6 

Total Number of Organisms 
Total  Number of Taxa 

250 
26 6 14 15 13 11 



?lumber of Orqnnlsms per  0.1 m 2  Number of __" "" "_ Total 
10.5  m2) Sample  Number Organisms Invertebrate  Identlficotlon L1st 

I 2 J 4 5 per m' 

Plecootera 

Chloroperlldae 
Nemourldae 
Perlldae 
Ptcronarcldae 
Perlodldae 

Eahemeroptera 

Bactldae 
Behnlrqlldie 
Ephemercllldac 
lleptaqenlldae 
Leptophlehlldae 
Siohlonurldac 

Trlchoptera 

Brachycentrldae 
Clossomatldae 
llydroosychidac 
Leptoceridae 
Limnephllldae 
Phryqaneldae 
Psychonylldae 
Rhyacophllldac 

Coleoptera 

tlallnlldae 
Chrysomelidae 
Curcullonldae 
D:!tiscldae 
Elmldae 
llelodldae 
Hydrophrlldae 
Drpoidae 
Amphlzoidae 

Diptera 

Ceratopoqonldae 
Chlronomidae 
Tanyderldae 
Psychodldae 
Rhaglonidae 
Slmullldae 
Tabanidae 
Tlpulidae 
Anisopodldae 
Nematocera 
Brachycera 
Cyclorrhapha 

DTHER 

Hemiptera 

Notonectidae 

Hymenoptera 

Furmlcldae 

Lepidoptera 

Acarina 

Ollgochaeta 

Tubificldae 

Nematoda 

Hirudinea 

Gastropoda 

I 4 

2 

14 

2 

4 
26 

14 
4 

2 1 
2 2 

1 

1 8 '  18 

1 2 

1 A 

2 1 

4 

6 

2 1 

2 4 

il 
1 1 2 1 

1 1 1 
10 

6 

1 

1 

1 4 

2 

I 

I 

# 

I 

3 4 3 1 22 

Total  Number of Organisms 150 
Total  Number of Taxa 5 8 12 8 6 19 



APPENDIX I1 MACROINVERTEBRATE SA:IPLING ANALYSES 

Substrate Type: Multiple 

Station NO: 5 

Date : 30/07/75 

Invertebrate  Identification List 
Number of Orqnnlsms iwr 0.1 m 2  Number of 
. " 

Sample  Number 
Total 

( 0 . 5  m2) 
1 2 3 4 5 

Orqanlsms 

per m2 

Plecoptera 

Chloroperlidae 
Nemouridae 
Perlidae 
Pteronarcidae 
Perlodldae 

Ephemeroptera 

Baetidae 
Behnirqiidae 
Ephemerellidae 
lleptageniidae 
Leptophlebiidae 
Siphlonuridae 

Trichoptera 

Brachycentridae 
Olossomatidae 
llydropsychidae 
Leptoceridae 
Limnephilidae 
Phryganeidae 
Psychonyiidae 
Rhyacophilidae 

Coleoptera 

Hali?lldae 
Chrysomelidae 
Curculionidae 
Dytiscidae 
Elmidae 
Ilelodidae 
Hydrophilidae 
Dryopidae 
Pmphizoidae 

Diptera 

Ceratopogonidae 
Chironomidae 
Tanyderidae 
Psychodidae 
Rhaqionidae 
Sirnuliidae 
Tabanidae 
Tipulidae 
Anisopodidae 
Nematocera 
Brachycera 
Cyclorrhapha 

OTHER 
Hemiptera 

Notonectidae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Oligochaeta 

Tublficidae 

Nema tcda 

Hirudinea 

Gastropoaa 

3 

2 
11 

3 

4 

6 
1 
2 
3 

1 

3 

2 
1 
4 
9 
2 

4 

5 

16 
1 
3 
4 

2 

1 

3 

2 

4 

1 

4 4 

2 

2 

3 8 4 1 
1 

2 1 

2 

1 

10 
2 

20 

4 6  
4 

14 

42 

88 
18 
14 
16 

6 

2 

6 

26 

8 

2 

18 

2 

4 

4 

32 
2 

Total  Number  of  Organisms 
Total  Number of Taxa 

398 
26 

c 

I, 

Y 

li 

m 

I 

u 

m 

Y 



m 

a 

0 

U 

m 

!m 

I 

W 

rl 

1 2 

Plecoptera 

Chloroperlldac 
Nemourlrlac 
Perlldae 
Pteronarcldae 
Perlodldae 

Ephenlerontera 

Bartldae 
Behnlrqildae 
Ephemerellidac 
Ileptaqenl ~ d a e  

Leptophleblldae 
Sl:'hlonurldae 

Trlchontcra 

Brachycentrldac 
r;lossomat~dae 
llydronsychldae 
Leptocerldae 
timnephllldae 
Phryqaneldae 
Psychonylldar 
Rh/aco?hllldae 

Coleoptera 

Hallvlldae 
Chrysnnelldar 
Curcullonldae 
Dytlscldae 
Elmldae 
Ilelodldae 
Hydronhllldae 
DryoDldae 
Amphlzoldae 

Diptera 

Ceratopogonldae 
Chlronomidae 
Tanyderldac 
Psychodidae 
Rhaqlonldae 
Slmullldae 
Tabanrdae 
Tlpulidae 
Anlsopodldae 
Nematocera 
Brachycera 
Cyclorrhapha 

OTHER 

Hemiptera 

Notonectldae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Ollgochaeta 

Tublficldae 

Nematoda 

Hirudlnea 

Gastropoda 

6 

24 

39 

123 
18 
7 8  

12 

3 
3 

3 

3 

8 

8 

36 
4 

16  

48 

82 
14 
2 0  

8 

2 

4 
4 

8 

16 

8 

2 I 4 5 per m 
__ 

16  

46 
8 

4 

164 

212 

24 
52 

8 

12 

8 

32 

6 

6 

30 
4 

8 

134 

42 
6 

14 
2 

4 

4 

2 

2 

12 

6 

63  

18 

174 

51 
6 

18 
3 

3 

12 

3 

6 

204  156 220 160  336 

4 
3 4 

9 12 1 6  

I 

6 12 

2 

3 

6 24 4 10   12  

3 

82 

52  

538 

32 

92 

1118 

1032  
136 

364 
66 

4 

14 
8 

40 

50 
6 

60 

102 

2152 
8 

14 

8 

110 

4 

6 

112  

6 

Total Number OF Organisms 
T o t a l  Number of Taxa 17  20   16   19   16  

6208 
27 



I. 

APPENDIX I1 MACROINVERTEBRATE SWIPLINC; FYALYSES 

Substrate Type: Multiple 
Station No: 1 

Date: 21/10/75 
.. ~ . 

~" 

Numbcr of 
I 

Invertebrate  ldcntlflcation List 

. - - " - " "_ . . . - - -. . - " . " " - -. . . . - . - 

Plecoptera 

Chloroperlidar 
Yemouridac 
Perlidac 
Ptcronarclddc 
Perlodldae 

Eohencroptera 

Daetidac 
Dehnlrqlldae 
Ephemercllldac 
Ileptaqeniidae 
Lcptonhlcblidae 
Slnhlonurldac 

Trlchoptera 

Brachycentrldac 
Glossnmatldae 
llydropsychldae 
Leptocerldae 
Limnephrlldae 
Phrygnneldae 
Psychonylldae 
Rhyacophllidae 

Coleoptera 

tlallnlldae 
Chrysomelidac 
Curculionldae 
D:ftlscldae 
Elmldae 
Ilelodldoe 
Hydrophllldae 
DryoDldae 
Amphlzoldae 

Diptera 

Ceratopoqonldac 
Chlronomidae 
Tanyderldae 
Psychodldae 
Rhaqlonidae 
Simulildae 
Tabanidae 
Tipulidae 
Anisopodldae 
Nematocera 
Brachycera 
Cyclorrhapha 

0- 

Hemiptera 

Notonectldae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Ollqochaeta 

Tubificidae 

Nematoda 

Hirudinea 

Gastropoda 

" 

I 2 

4 

1 

6 

6 

55 

1 
18 
9 
4 

8 

3 
- " 

1 

5 

15 

39 

3 
0 

22 

4 5 per m' 

2 

2 

7 

337 

9 
35 
21 

12 

24 

58 

70 

1504 

40 
206 
3 8 8  

8 

44 

am 
8 

4 
2 

229 

6 
36 

129 

14 

7 
12 

92 

1 
10 
13 

Y 

32 1  1  14 

1759  1217  1031  1655  1565 14454 

2  1  1  2 12 

V 

16 4  4 

4 

1 

- 
Total  Number of Organisms 16878 

16 Total  Number of Taxa 8 14  11  11  10 



L 

I 

I 

I) 

Invertcbrate  Idrntlflcatlon L L S ~  

"" "" . " 

Plecoptera 

Chlorof,erlldac 
Nemourldae 
Perlldae 
Ptcronarcldac 
Pcrlodldae 

Enheneroptera 

Bactldac 
Behnirqlldsc 
Ephcmercllldac 
Ileptaqenlldau 
Leptonhleblldar 
Sl!'hlonurldar 

Trichontera 

Brachycentrldac 
Glossomatldac 
llydropsychldac 
Leptocerldae 
Llmncphtlldac 
Phryganeldae 
Psychonyildae 
Rbyaconhllldac 

Coleoptera 

tlallvlldae 
Chrysomelldae 
Curcullonrdar 
D:,tlscldne 
Elmldae 
llelodldae 
Hydronhllldae 
Dryooldae 
Amphlzordae 

Dlptera 

Ceratopoqonldae 
Chlronomldac 
Tanyderldar 
Psychodldac 
Rhaqionidae 
Slmullldae 
Tabanidae 
Tlpulldae 
Anlsopodidae 
Nemntocera 
Brachycera 
Cyclorrhapha 

OTHER 

Hemlntera 

Notonectldae 

Hymenoptera 

Furmicldae 

Lepidoptera 

Acarlna 

Ollqochaeta 

Tubificldae 

Nenatoda 

llirudlnea 

GaStroDOda 

1 

Orqanisms 

per m 2 

1 
3 

19 

7 
5 

1 

1910 

2 
8 

6 9  

3 
10 

5 

8 

2116 

4 

12 

2 
5 

70 

15 
19 
13 

4 

7 

6 5 6  

8 

6 

4 

16 

120 

4 
23 

4 

8 

1 

4 

1616 

30 

45 

22 
80 

696 

72 
142 
56 

30 

42 

10 

15745 

Total  Number of Organisms 
Total Number of Taxa 7 

" 

16970 

8 11 12  12 



APPENDIX I1 MACROINVERTEBRATE SA:I?LING FNALYSES 

Substrate Type: 'late 

Statlon No: 4 

Date: 21/10/75 
_ _ _ ~ _ _ _ ~  ~-~ . " ~~ ~- ______ 

?lumber of Orrlenlsrns ~)cr 0.1 m 2  Number of  

Orqanlsms 
- "" ~- ~~ ~ 

Invertebrate  Idcntiflcatlon Llst Total 
(0.5 m 2 )  Sample  Number 

__ 

Plecoptera 

Chloroperlldae 
Nemouridac 
Perlidac 
Ptcronarcldac 
Perlodldae 

Eohencroptera 

Baetldac 
Behnlrqlldac 
Ephemerellldac 
lieptaqenl idae 
Lcptophleblldae 
Sl!>hlonurldae 

Trlchontcra 

Brachycentrldac 
Glossomatidac 
Iiydronsychldae 
Lcptoccrldae 
Limnephllldac 
Phryganeldae 
Psychonylldae 
Rhjacoohllldae 

Coleoptera 

Hallolldae 
Chrysomelldae 
Curcullonldae 
D:,tlscldae 
Elmldae 
Ilelodldee 
Hydronhllldae 
Dryopldae 
Amphizoldae 

Dlptera 

Ceratopoqonldae 
Chironomidae 
Tanyderldae 
Psychodidae 
Rhaqlonldae 
Slmullidae 
Tabanidae 
Tlnulidae 
hnlsopodldae 
Nemntocera 
Brachycera 
Cyclorrhaoha 

OTHER 

Hemiptera 

Notonectidae 

Hymenoptera 

Furmtcldae 

Lepidoptera 

Acarina 

011gochaeta 

Tubificidae 

Nenatoda 

Hirudinea 

Gastromda 

1 

8 

2 

7 
3 

208 

4 
19 
9 
1 

1 

2 3 L 4 5 per m 

5 

5 

8 

91 

2 
19 
61 
2 

4 

ea 

2 
3 

455 

1 
14 
9 

32 

1 

1 

351 

6 
29 

1 1 

1 1 1 

1 

I 

5 4 

2329  319  2146  2518  3231 

10 23 14 

4 

1 

250 

14 
4 

30 
12 
6 

2370 

28 
166 
230 

6 

8 

4 

8 

18 

21086 

94 

8 

2 

_ _ _ ~  
Total  Number of Organisms 
Total  Number of Taxa 13  12 

24348 
9 12  10  21 

u 

U 

li 

L 

m r  



II 
APPCNUiX 11 MACROINVEHTEBRATE SA:lPLIAG ANALYSES 

Substrate  Type: 
Statlo" No: 
D'ate: 21/10/75 

II 

QI 

Y 

!lumber of Orqonlsms per 0 . 1  m L  Number of 
Organlsms Invertebrate  Identlflcatlon Llst 

__ Total 
Sample  Number (0.5 m2! 

3 4 5 per m2 
.. " "". ~ "_ ~ __ 

Plcco'Jtera 

Chloroperlldac 
Nemourldac 
Perlldac 
Pteronarcldae 
Perlodldae 

E?heleroptera 

Uactldae 
Behnlrqlldae 
Ephemerellldae 
Ileptaqenlldae 
Leptophlebildae 
Slphlonurldae 

Trlchoptera 

Brachycentrldac 
Glossomatldae 
IlydroosychIdae 
Leptoceridae 
Limnephllldae 
Phryqaneidae 
Psychonyl ldae 
R5yacophllidne 

Colcoptcrn 

tlollolldae 
Chrysomelldae 
Curcullonldae 
D:,tlscldae 
Elmldae 
Nelodldae 
Hydronhllldae 
Dr'/oDldae 
Amphlzoldae 

Dlotera 

Ceratopogonldae 
Chironomldae 
Tanyderldae 
Psychodldae 
Rhagionldae 
Slmulrldae 
Tabanidae 
Tlnulldae 
Anlsopodidae 
Nematocera 
Brachycera 
Cyclorrhapha 

0s 
Hemiptera 

Notonectidae 

Hymenoptera 

FurmLcldae 

Lepidoptera 

Acarina 

Oligochaeta 

Tublflcldae 

Nematoda 

Hirudinea 

Gastropoda 

1 
~" 

12 

1 

8 
2 

52 

2 
8 
1 

8 

2 
" 

8 

9 
7 

58 

8 
19 

E 

3 

8 

16 

6 

231 

5 

21 

3 
2 
4 

8 

28 
5 

57 

4 
5 

4 
1 

18 

1 
6 

11 

57 

3 
8 

6 

2 

1 4 2 1 

1411  2165  2493  2328  1931 

8 1 

1 

4  18 

124 

2 
2 

114 
50 

910 

4 4  

122 
18 

34 

18 
30 

14 

20656 

18 

2 

44 

Total  Number of Organisms 
Total  Number of Taxa 

- 
22157 

12  11  11  11  12  17  17 



invertebrate Tdcntiflcatlon I . ~ s t  

~ 

Plecoptera 

Chloroperlldac 
Nemourlclsc 
Perlidae 
Pteronarcidae 
Perlodldae 

Cnhencroptera 

Baetldae 
Behnlrqlldae 
Ephemerellldac 
Ileptaqenlldae 
Leptoohlehlldar 
Sl!,hlonurldac 

Trlchoptera 

Brachycentrldac 
Clossornatldac 

Ilydropsychldae 
Lcptoccrldac 
Llmnel>hllldac 
Phryyancldae 
Psychonylldae 
Rhyacophllldae 

Coleoptcra 

llallnlldae 
Chrysomelldae 
Curculionldae 
D:/tlscldoe 
Elmldae 
llelodldae 
Hydronhllidae 
Dryonldae 
Amphlaoldae 

Diptera 

Ceratopoqonldae 
Chlronomldae 
Tanyderidae 
Psychodldae 
Rhaglonidae 
Simullldae 
Tabanidae 
Tlnulldae 
Anisopodidae 
Nemntocera 
Brachycera 
Cyclorrhapha 

OTHER 

Hemiptera 

llotonectldae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Ollqochaeta 

Tubificidae 

Nematoda 

Hirudinea 

Gastropoda 

~" TO ta 1 
Orqanlsms 

pcr m 2  
(0.5 m 2 )  

5 2 
.. . 

32 

49 

30 
6 

1 

18 

8 

1 

J 
" 

31 
5 

13 

35 
8 
2 
5 

36 

1 
4 

4 
- "- 

2 0  

3 

65 

37 

20 
21 

11 

4 
9 

1 
-. ~. 

4 

24 
2 

59 

27 
13 

1 

11 

1 

7 

" 

D 

14 

64 
7 

432 
28 

13  342 

25 
11 

19 

282 
118 

4 
14 

190 wm 

4 
5 

18 
66 

.) 

2 

c 

3 

223  103 26 91 76 

6 

1038 

1 2 

4 2 

Y 

16  12 5 2 

8 12 4 8 

70 

6 4  

Total  Number of Orqanisms 
Total  Number of Taxa 

2734 
19 14  13  12  12 10 19 



a 

m 

lnvertebrate Idcntlflcatlon Llst 

Plccoptera 

Chloroperlldac 
Nemourldae 
Perlldae 
Pteronarcldae 
Perlodldae 

Enhencroptera 

U.letldnc 
Behnlrqlldae 
Ephemerellldac 
lleptaqcn~idae 
Lcptonhleblldae 
Sl!>hlonurldae 

Trlchoptera 

Brachycentrldac 
Glossomatlclar 
llydropsychlilac 
Leptocerldoe 
Limnephllldae 
Phryganeldae 
Psychonylldae 
Rhyaco"h3lrdae 

Coleoptera 

Hal~-~llAac 
Chrysomelldne 
Curculionrdae 
D:itiscldae 
Elmldae 
Ilelodldae 
Hydronhllidae 
Dryonldae 
Amvnphlzoldar 

Diptera 

Ccratopoqonldae 
Chlronornldae 
Tanyderidae 
Psychodldac 
Rhaqlonidae 
Slmulxldae 
Tabanldae 
Tlnulidae 
Anisopodidae 
Nematocera 
Brachycera 
Cyclorrhapha 

OTHER 

Hemiptera 

Notonectidac 

Hynrnoptora 

Furmicldae 

Lepidoptera 

Acarina 

Oliqochaeta 

Tublficidae 

Nematoda 

Hirudinea 

Gastropoda 

I 

9 

1 

36 

16 

11 
23 

1 

2 

2 1 

15 

1 

3 

2 

15 

12 
25 
2 

1 

1 

16 

1 

9 

28 

1 6  

4 4  

1 

1 
4 

1 

11 

2 

10 

8 

8 
31 
1 

2 
3 

16 

1 

1 

3 

28 

13 
32 
1 

4 
1 

33 32 36' 46  55 

1  1 
96 47 104 87 88 

1 

3 

1 6 3 2 

8 4 2 4 5 

3 

T o t a l  Number of Organisms 
Total  Number of Taxa 

134 

6 
4 

6 

4 

120 

190 

120 
322 

8 

6 

6 
28 
2 

2 

4 0 4  

4 

844 

2 

6 

24 

46 

6 

2294 
14 23 



APPENDIX 11 MACROIYVCRTEBPATE SAWLI!IG LNALYSES 

Substrate Typr: mltiple 
StatLon No: 3 

Date : 18/05/76 
~ "" ~ ~ __ 

:lumhcr of O r r l a n l s n s  :wr 0.1 m 2  Number o t  

Orqanisms 
." _" 

Invertebrate  Identlflcatlon Llst Total 
Samplc Number 

Plecoptera 

Chloroperlldac 
Nemouridae 
Perlldac 
Pteronarcldae 
Perlodldae 

E7hemeroptera 

Bactldae 
Behnirqlldae 
Ephemerellldac 
lleptaqenlidae 
Leptonhlebiidae 
Slohlonurldae 

Trlchoptera 

Brachycentrldac 
Glossomatldae 
Ilydroosychldac 
Leptocerldae 
Limnephllldae 
Phryqaneidae 
Psychorrylldae 
Rhyacophllldac 

Coleoptera 

Haliulldae 
Chrysomelidar 
Curcullonldae 
D:/tiscldae 
Elmidae 
Ilelodldae 
liydroahilidae 
Dryovldae 
hphlroldae 

Diptera 

Ceratopoyonldae 
Chlronomidae 
Tanyderidac 
Psychodidae 
Rhaqionidae 
Slmullldae 
Tabanidae 
Tipulldac 
Anisopodldae 
Nematocera 
Brachycera 
Cyclorrhapha 

OTHER 

Hemlptera 

Notonectidae 

Hymenoptera 

Furmicldae 

Lepidoptera 

Acarina 

Oliqochaeta 

Tubificidae 

Nematoda 

Hirudinea 

Gaatropcda 

21 

1 

5 

38 

12 
45 
2 
1 

1 

12 

1 

2 

11 

47 

26 
33 
2 

2 

1 9 

1 

I 
" 

12 

2 

12 

9 
20 

2 

6 

10 

14 

26 
19 
3 

1 

9 

1 

1 

13 

17 
14 
2 

6 3 

1 

75 67  28  42 37 

145  169  79  124  82 

1 3 1 

1  1 1 2 

3 2 3 1 2 

1 

16 4 5 6 3 

112 

2 

16 
4 

58 

248 

180 
262 
18 
2 

8 

38 

4 

498 

1198 

10 

10 

22 

2 

68 

Total  Number of Organisms 
Total  Number of Taxa 

2760 
16 18 11 14 13 20 

- " " 

II, 

Ir 



I 

I 

Invrrtebrate  Idcntlflcatlnn Llst 

1 2 3 4 
~ ~ 

Plccoptcra 

Chloroperlldae 
Nemourldac 
Perlldac 
Pteronarcldae 
Perlodldac 

Erlhemcroptera 

Bactldae 
Behnlrqlldae 
Ephemerellldac 
tieptaqenildae 
Lcptonhlebiidar 
Sl!>hlonurldac 

Trlchoptera 

Brachycentrldac 
Glossomatldac 
Ilydropsychldae 
Leptocerldae 
Llmncphllldae 
Phryganeidae 
Pnychonylldae 
Rhyacoohllldae 

Coleoptcra 

Ilallvlldae 
Chrysonclldae 
Curculionldac 
Dytlscldae 
Elrnldae 

Ilclodldae 
Hydronhllldae 
DryoDldae 
Amphlzoidae 

Diptera 

Ceratopoqonldac 
Chlronomldae 
Tanyderldae 
Psychodldac 
Rhaqlonldae 
Slrnulxldae 
Tabnnldae 
Tlpulidae 
Anisopodlda? 
Ncmatocera 
Brachycera 
Cyclorrhapha 

0 3  

Hernlntera 

Notonectidae 

Hymenoptera 

Furrnlcldae 

Lepidoptera 

Acarina 

Ollgochaeta 

Tublficidae 

Nematoda 

Hirudinea 

Gastrovoda 

Total Number of Organisms 
Total  Number of Taxa 

1 5  5 

22 5 

1 

1 

" 

1 

1 

5 
1 

3 

3 

17 
3 

7 

4 

3 

90 

103 

3 

13 

" 

235 

3 3 7 8 



APPENDIX 11 !4ACROINVEIITEBRATE SA:lPLIIJG PVALYSES 

Substrate Type: 'late 

Statlon No: 5 

Date: 18/05/76 

88 

2 

1 

17 

102 

b3 
131 
1u 

4 

Plecoptera 

Chloroperlldac 
Nemourldae 
Perlidae 
Pteronarcidae 
Perlodldae 

Ephemeroptera 

Bactidac 
Behnirqlldae 
Ephemerellldac 
Hrptaqenlldae 
Leptophleblidae 
Slnhlonurldac 

Trlchoptero 

Brachycentrldac 
Glossomatldae 
llydropsychldac 
Leptocerldae 
bimnephllldae 
Phryqaneldae 
Psychonyildac 
Rhyacophllldac 

Coleoptera 

Ilalivlldae 
Chrysonclldae 
Curcullonldac 
Dytlscldae 
Elmidae 
llelodldae 
Hydrophllidae 
Dryooldae 
Amphlzoldae 

Diptera 

Ceratopoyonldae 
Chironomldae 
Tanyderidae 
Psychodidae 
Rhaqionidae 
Slmulildae 
Tabanidae 
Tipulidae 
Anisopodldae 
Nemntocera 
Brachycera 
Cyclorrhapha 

OTHER 
Hemintera 

Notonectldae 

Hymenoptera 

Furmicldae 

Lepidoptera 

Acarina 

Oliqochaeta 

Tubificidae 

Nematoda 

Hlrudinea 

Gastropoda 

15 

1 

2 

7 

16 
12 
17 

4 

1 

3 

3 

33 

21 
16 
6 

222 

8 

2 
6 

44 

300 

212 
338 

66 

8 

IL 

2 3 

1 

10 
2 

464 35 lb5  7  12  13 

1538 218  359 30 2 8  134 

10 

28 

20 

3  1 

10  2 

4 3 

(I 

8 104 8  3 6 

2  1 

258 

6 
I! 

1 2 

Total  Number of Organisms 
3544 

20 
Total  Number of Taxa 13  15 8 9 I 6  

- - -. . " -. . "_ __ "" . - 



APPENDIX 11 MACROINVERTEBRATE sA:lPLIriG ANALYSES 

Substrate  Tyve: Multiple  Alate 
Station  No: 6 
Date : 18/05/76 

~. 

Number of Orqanlsms n f r  0.1 mi Number of 
Organisms Invertebrate  Identlflcntlon L l s t  

~ ~ "" Total 
1 0 . 5  m21 Sample  Numbcr 

ma 

Y 

I 

Y 

m 

I 

I 

1 2 3 4 5 per m' 

Plecoptera 

Chloroperlidae 
Nemourldae 
Perlldae 
Pteronarcidae 
Perlodldae 

Ephemeroptera 

Baetidae 
Behnlrqlldae 
Ephemerellldae 
Heptagenlldae 
Leptonhlebildae 
Slphlonurldae 

Trlchoptera 

Brachycentridae 
Glossomatidae 
Ilydropsych~dae 
Leptocerldae 
Llmnephllidae 
Phryganeidae 
Psychonylldae 
Rhyacophllldae 

Coleoptera 

Hali?lldae 
Chrysomelldae 
Curculionldae 
Dytiscidae 
Elmldae 
llelodidae 
Hydronhllldae 
Dryopidae 
Amphizoldae 

Dlptera 

Ceratopoqonldae 
Chironomidae 
Tanyderidae 
Psychodidae 
Rhagionidae 
Slmullldae 

. Tabanidae 
Tipulidae 
Anisopodidae 
Nematocera 
Brachycera 
Cyclorrhapha 

OTHER 
Hemiptera 

lotonectidae 

Hymenoptera 

Furmicidae 

Lepidoptera 

Acarina 

Oligochaeta 

Tubificldae 

Nematoda 

Hirudinea 

Gastropoda 

16 

1 
1 

2 

5 

4 
14 

71 

51 

121 

1 

3 

2 

5 

1 

1 

2 

1 

2 

67 

40 

4 

3 

4 

4 

2 

9 

32 

110 

171 

1 

2 

5 

18 

Total  Number of Orqanlsms 
Total  Number  of  Taxa 14  9  11 

6 5  

1 

36 

42 

3 4  

6 5  

1 

70 

109 

218 

3 

1 

52 

__ 

13 

212 

2 

2 
5 

95 

130 

100 
225 

2 

2 

437 

1375 

5 

30 

20 

195 

3679 
17 
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