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The s p e c i f i c  ob jec t ives  o f  t h i s  m r k  =re to 
assess changes i n  the funct ioning of major 
physiological  groups o f  freshwater micro-organiere 
and t o  determine the c mica1 f a t e  of the a c t i v e  
ingred ien t  of  h t a c i l &  the carbamate d n - r b ,  
fol lowing simulated a e r i a l  spraying. 

?latacil@was used in 1978 and 1979 t o  con t ro l  
sp ruce  budworm in Hew Brunswick fo res t s .  Further  
d e t a i l s  of t h e  r a t i o n a l e  f o r  t h i s  study are given in 
a previous repor t  (Elner and Wildish 1981). 

Presented k r e  are the short-term observat ions 
made on the day of spraying in Hay/June 1980, some 
chemical analyses  o f  pond water taken soon a f t e r  
sp ray ing  t o  determine aminocarb metabol i tes ,  and a 
con t inua t ion  of  previously reported long-term 
observa t ions  on pond microbiology up to September 
1980 (Elner and Wildish 1981) f o r  a f u r t h e r  8- 
per iod t o  June 1981, a f t e r  which the f i e l d  experi- 
ment was terminated. 

LONG-TERM OBSERVATIONS 

Sampling l o c a t  ions,  techniques and analydis  
were c a r r i e d  out a s  previously described i n  E l n t r  
and Wildish (1981). 

SHORT-TP.W OBSERVATIONS 

Sampling loca t ions ,  s inu la ted  a e r i a l  spray 
methodology, sampling techniques and analyses  wire 
as used previously (Elner and Wildish 1981) except 
t h a t  the frequency of  sampling was increased to 10 
samplesjday . 
CHEMICAL ANALYSES 

A few water samples from the ponds =re  
analyzed f o r  aminocarb metabol i tes  by the method of 
Brun and Haciknald (1978). The f i n a l  e x t r a c t  was 
d i s so lved  i n  a c e t o n i t r i l e  f o r  RPLC. A reverse  phase 
Lichroeorb RP-2 c o l u n  (250 x 4.6 r i n t e r n a l  
diameter)  was used in a Varlan 5000 IL with a fixed 
wavelength UV d e t e c t o r  a t  224 nm. The mobile phase 
cons i s ted  of  20% a c e t o n i t r i l e  i n  water at a flow 
r a t e  of  2 mL/min. Authentic metabol i te  s tandards 
were used t o  he lp  i d e n t i f y  unknown peaks. 

Water eaaples  of I-L v o l u e  =re obtained from 
t h e  ponds i n  brown g l a s s  b o t t l e s  and ex t rac ted  in 
the f i e l d  with 15 mL pesticide-grade e t h y l  acetate. 
B o t t l e s  -re s to red  a t  b0C u n t i l  f i n a l  ex t rac t ion  
and ana lyses  i n  the Research and Product ivi ty  
Council laboratories, Fredericton, N.R. 

RESULTS AND DISCUmION 

LONG-TERM OBSERVATIONS 

Records of  temperature, Eh and pH a r e  shown Ln 
Appendix I .  Dissolved oxygen and dissolved o r ~ a n f  c 
mat te r  concentrat  ions  a r e  recorded in Appendiccn 2 
and 3. The plant  pi lpent  record fo r  the study 
(Appendices 4-7) indicaten high l e v e l s  of chloro- 
phy l l  2 during January and February when the ponds 

were ice-covered. As i n  the winter 1979-80 (~ l tN!t  
and Wildish 1981), the  following winter  phy top lank  
ton  uulmm was also composed of a rul t ispeciem 
c a r u n i t y .  The 1980-81 winter  d i f f e r e d  from the 
previous one in t h a t  the re  was an extensive period 
of  e n o r r o v e r  beginning in December 1980. Ihe 
phytoplankton maximum coincided with zero l e v e l s  of 
dissolved oxygen in January (Appendix 2) . Presumably 
the  bloom wan i n  a s ta t ionary/senescent  s t a g e  when 
s u p l e d  by us and heterotrophic  b a c t e r i a l  a c t i v i t y  
had u t i l i z e d  all a v a i l a b l e  oxygen in the temporarily 
clotted system. Dissolved mygen l e v e l s  uould not 
inc rease  again u n t i l  a new bloom had occurred or 
a f t e r  ice-out . 

The major groups of microalgae and inwerte- 
b r a t e s  found during t h i s  study of pond water a r e  
l i s t e d  in  Appendices 8-11. 

Pond water ATP ltevels (Appendix 12)  and primary 
production (Appendix 13) showed rr, marked systematic 
differences.  Pond B had the highest  production 
l e v e l  i n  January 1981 during the winter bloom. 

SHORT-TERH OBSERVATIONS 

The rorphometry of the four p n d s  and thF ;rrP# 
of associated marshland e described in Elner and 
Wildish (1981). t b t a c i l . 6 w a s  sprayed mm the 
ponds i n  a f i n e  m i s t  from a Solo 423 knapsack 
sprayer  (Boynton and Smith 1971) i n  th ree  t reatments  
(Table 1). 

b b l e  1. Mataci@treatment dosage and sampling 
date. 

b t a c i @  treatment Application and 
Pond (g aminocarb he'll sampling date  

Ihe  microbiological and physiochemical observa- 
t i o n s  made in a 14-h period a f t e r  spraying a r e  pre- 
sented ar graphs (Fig. 1-10) o r  t a b l e s  (Appendices 1) 
14-17). Chemical a n a l p e s  f o r  cr inocarb i n  water 
samples taken during t h i s  s tudy a r e  presented else- 
where (Elner et al. 1981) and ind ica te  tha t  a 
maxima subsurface concentrat ion of 0.055 mg/L is 
r u c h e d .  

naxbur temperature f luc tua t ions  occurred an 2 
d that wrre dry  and sunny (Pondr B and D - FIR. 2). 
Temperatures on them 2 d r a n a d  froa I 3  to 21°C. 
The dlrrolved oaygen curwem for  th ree  of the ponds 
(Pondm A, 8,  and C - Fig. 4 )  followed a m i d a l  
form ae found by O d u  (1956) and Lingeman and 
Buardi j  (1981). Mmsolved oxygen l e v e l s  i n  Pond D 
lrhowed a bimodal d ie1  pa t t e rn  a s  found lean comnonly 
by Fdwards and Owens (1 %2), Kalhe (1 972). and 
1.in~emmn and RuardiJ (1981). The h l d n l  dlcl  
prr t t e r n  nf d l  naol v d  oxygen coaccnlrat  ton wan fo~mcl 
t o  occur l o n t  f requent ly  i n  flny and Junc and to 
r e s u l t  from e i t h e r  pe rn i s ten t ly  high i r r a d i a t t n n  
l e v e l s  a t  mid-day o r  a high r a t e  of temperature 



Fig. 1-4. Shdrt-term changes in W (Fig. 1); temperature (Fig. 2); dissolved org.nic 
utter (Pig. 3);-and dissolved oxygen concentration (Fig. 4). 0- Pond A, O - ~ o n d  B, 
A -  .pond C, @- Pond D. 



increase associated v i th  t h i s  (Ling- and Buardij 
1981). Dissolved aptygen saturation curves often 
r e f l e c t  die1 fluctuations in primary production as 
indicated by chlorophyll 2 lev+. In our rrork, 
only in  Ponds A and C does the dissolved oxygen 
follow the chlorophyl la  concentration, with a 2- to 
4-h lag  period. 

water c o l u n  likely resul t  from a combination of 
factors. mse include: 

- passive: e.g., sinking rates a re  increased by 
high temperature (Riley e t  al. 1919); t u r b w  
lence which forces cells to l e s s  turbulent 
layers  (Ganf and Barne 1975); and nutrient 
depletion (Ohle 1%1) . 

In a l l  four ponds there were peaks in  phyto- 
plankton abundance in  surface water'during the 
morning and evening -of the day of sarpling, v i t h  an 
afternoon depression, the time of which varied 
between ponds (Appendices 14-17). Changes in 
phytoplankton abundance =re fo l lwed by changes in 
chlorophyll 2 concentration (Fig. 5, 6, 7, and 8). 
The *.major a lgal  taxa involved were f lagel la te  
chlorophyta and diatoms (Appendices 14-17). Die1 
cbanges in the position of phytoplankton within the 

- active: Flagellates a re  able to wrir m y  from 
excessive radiation, whilst blue-green algae 
can rrrrre into or out of the marface ur ter  by 
formation and collapse of a gas vacuole (Fogg 
and Walsby 1971). -3ac tiivazion of the photo- 
synthetic apparatus may occur a r o d  aoon due 
t o  the high l ight  in tens i ty  (Yentsch and 
Rhyther 1957; llairesalo 1980). 

Fig. 5-8. Short-term changes i n  chlorophyll&, a lga l  and bacterial  ntmbers i n  each 
pond. Pond A (Fig. 5) ; Pond B (Fig. 6) ; Pond C '(Fig. 7) ; and Pond D (Fig. 8). 
Refer t o  Fig. 5 for  explanation of symbols. 



It is these passive andlor active movements 
ahich r e su l t  in the fluctuations recorded in 
chlorophyll 4 and dissolved oxygen concentrat ions. 
A detailed analysis of photosynthetic pigrents (Pig. 
9, 10) a l so  rupports the idea of die1 changes In 
phytoplmlrton c a r a a i t i e s .  

The ac t1  e lngredicnt of the formulated pesti- 
c ide  & u c U  6 is arinocarb (see Flg. 11, QIpouad 
I). Adnocarb I s  known to mdergo wtabollsm in 

aed cmirals , to be biodegraded by microbes , 
and to mdergo photodecomporrition. 

O!,A :.'aao'o;m' Ih' ,A' dm' Ib' A 

Fig. 9-10. Short-term varlation i n  a lga l  pig.ents. Fig. 9: Pond A - upper, Pond B - 
lorcr.  fig. 10: Pond C - upper, Pond D - lorrcr. 0 - chlorophyll a, - phaeophytin, 
A- chlorophyll 2 corrected f o r  the presence of phaeophytin. 

Fig. 11. 44hethylamlno-kthylphenyl m t h y l -  
carbarste (Compound I, .rinocarb) and its known 
w t a b o l i t e s  identif ied by raran ntrera ls  i n  tbe text. 



Metabolism i n  p l a n t s  and ani.lals involves a 
series of oxidat ion and dere thy la t ion  steps pro- 
ducing n u e r o u s  products,  most of which are short- 
l i v e d  and some of  which a r e  unknown. The major 
products  recognized by Ruhr and Dorough (1976) a re :  

Table 2. Concentration of aminocarb metabol i tes  in  
con t ro l  and treatment ponds. 

Uetabol ite 
Time a f t e r  sprapI 

Pond (d l  
concentrat ion (ppb) 

V I  VII V I I I  I I 4-amino-3-t hyl-phenyl N-methylcarbamate 
I L L  4-dimethylamino-3-rethylphenyl W(hydr0.y- 

methy1)carbamate 
I V  4-(llethy1mlno)-3lethylphenyl N-methyl- 

carbaaate  

Compounds I and I11 have equal an t icho l fnes te rase  
a c t i v i t y ,  whereas I1 and I V  have ten times more 
a c t i v i t y  (Kuhr and Dorough 1976). I n  p lan t s ,  
f u r t h e r  metabolism causes inac t iva t ion  by conju- 
g a t i o n  o f  the products with tannin and plant  wall 
substances. 

Hi c r o b i a l  biodegradation s t u d i e s  ( see  Steeves 
1971 ) show t h a t ,  i n  add i t ion  t o  the above, microbes 
can a l s o  r ing  hydrnxylate ca rbamate~  (Pig. 11) a s  
w e l l  a s  r l eave  then t o  the corresponding phenol, 
thau prudc~c ing the f o l  lowing add it tona l  products: 

V r i n g  hydroxylat ton products of uncertain 
s t r u c t u r e  

V I  4-dimethylamino-3-~ethylphenol 
x 

These  finding^ have been conf i r red  by balba et 
a l .  (19741, who found products V and V I  following 
t h e  use o f  the ascorbic  a c i d  oxidat ion system which 
is designed t o  chemically mimic biodegradation 
pa thvays . 

If t h i s  experiment -re repeated with another 
pes t i c ide ,  tt would obviously be b e t t e r  to extend 
the obuervationu i n t o  the second and t h i r d  dew 
following spraying. However, we do not think,  even 
i f  t h i s  were done, that it vould lead to a change tn 
our  conclusion t h a t  spraying Uatac i 1 @ a t  ip t o  
Sx the operat ional  *ray doeage r a t e  had any 
i r e d i a t e  e f f e c t  on a l g a l  p r i r a r y  production, o r  
species corposi  t i o n  of  mic roalgae and inver tebra tes ,  
hetetrophic  b a c t e r i a l  n u b e r s  and biomass, dissolved 
organic  carbon, and dissolved aaygen leve l s .  
Previous au thors  such as Ueinberger and Rea (1981) 
found an increase i n  the l a g  phase of a l abora to ry  
c u l t u r e  of  Chlorel la  a t  concentrat ions g r e a t e r  than 
25 pg/L o f  the  r f a c t a n t  nonyphenol, i c h  is used 
i n  the h t a c i l  &foforulrtion. & t a c t l a  con ta ins  
2x as much nonylphenol by weight as it does amino- 
c a r b  and it is possible  tha t  the reported tox ic  
e f f e c t s  are due to mnylphenol. Our f i e l d  
obeervations of primary production show t h a t  these 
l abora to ry  observed e f f e c t s  a r e  of l i t t l e  conse- 
quence. More eerioue e f f e c t s  noted by Winberger  
and Rea (1 981 1, inc lus ive  of f l a g e l l a e  d i s t o r t  ion 
and a r c h i t e c t u r a l  d i s rup t ion  of c e l l  u l t r a s t r u c t u r e ,  
occurred a t  l e v e l s  of ,500 p g l L  nonylphenol. This 
concentrat ion is u c h  g r e a t e r  than expected f i e l d  
l e v e l s  of nonylphenol. m r e o v e r ,  the Chlorel la  
c u l t u r e  was a b l e  to recover rapidly. 

Photodecomposition occurs  under c e r t a i n  
c o n d i t t o n s  (Addison et a l .  1974), the major product 
being Compound V. 

Nine  metabolite^ were described by Brun and 
Uac1)onald (1978) from freshwater of which only t h r e e  
were found i n  our  samples (Table 2). The s t r u c t u r e  
o f  these metabol i tes  is showa In Fig. 11 and 
inc ludes  also:  

V I I  4-( formylamino)-3aethylphenyl N-rethyl- 
carbamate 

VII I 4-amino-3-methylphenol . 

The appearance of Compound V I I  i n  the con t ro l  
pond c a s t s  some doubt on the r e l i a b i l i t y  of the  
analyses .  

I n  hemical accountab j l i ty  s t u d i e s  with 
M t a c i l G  (Elner et a l e  1981). it r s  *or. 
that a raxiun of 55 pg/L of  aminocarb would be 
found in l c n t i c  subsurface water fallawing a siru- 
l a t e d  a e r i a l  app l ica t ion  of 140 g hag1, and that 
this peak vould not be reached u n t i l  22- t o  72-h 
post-spray. Even a t  5x t h i s  app l ica t ion  r a t e ,  700 g 
ha'l, the  subsurface concentrat ion m u l d  be only 
117~ag/L  a t  24 h (Elner et a l .  1981). Primary 
product ion by the  n a t u r a l  a l g a l  c o r u n i t i e e  of the 
experimental ponds was no t  a f fec ted  by ethanol  
s o l u b i l i z e d  Matacil  a t  concentrat ions b e l w  
4SOpgIL (Elner et a l .  198:) and, even a t  concen- 
t r a t l o n s  above t h i s ,  where the re  mas a marked 
reduc t ion  of  carbon a s s i n i l a t i o n ,  production rapidly 
recovered within 72 h due t o  the ex i s tence  of 
r e s i s t a n t  a l g a l  c e l l s .  

We hmve aow followed microbiological  a c t i v i t y  
over  a complete 12- period following spraying and 
we hmve found no ind ica t ions  of a long-term e f f e c t .  
This  is cons i s ten t  with the known rapid degradation 
o f  aminocarb in  p n d  wter, a degradation r a t e  con- 
s t a n t  of 69-2051yr being found wfthin 952 conftdence 
lirits (Elner e t  al. 1981). Because a s u i t a b l e  
technique f o r  determining aminocarb in organic 
s e d i r e a t s  was not ava i lab le ,  te were not a b l e  to  
determine concentrat ions present there. Sed iments 
could a c t  a s  a s ink  f o r  cr inocarb and both the 
parent  compound and its microhial ly  produced 
metabol i tes  might p e r s i s t  the re  f o r  a longer period 
than i n  mter. 
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Appendix 1. Temperature, pH and Eh fron October 1980-June 1981 i n  the study 
ponds (temperature - *C; pH - pH u n i t s ,  I% - r e l a t i v e  t o  the nornal hydrogen 
e lec t rode)  . 

Pond A Pond B P o d  C 
Date Tenp. pH Eh Temp. pH Eh mmp. pH Eh 

Pond D 
Temp. pH Eh 

Appendix 2. Mssolved oxygen concentrations fron October 1980- 
June 1981 i n  the study ponds. 

Date 
Dissolved oxygen (g m3) f S.E. 

P o d  A Wad B Pond C P o d  D 

Appendix 3. Dissolved organic matter as a r b i t r a r y  absorbance 
u n i t s  a t  250 m from October 1980-June 1981 i n  the study ponds. 

Date 
Dissolved organic matter a s  measured a t  250 nm * S.E. 
Pond A Pond B Pond C Pond D 



Appendix 4. Chlorophyll 2 from October 1980-June 1981 I n  the  s tudy 
ponds (determined by Parsons and S t r i ck land  (1%3) aethod). 

Date 
Chlorophyll  a (g m3) f S .Em 

Pond A Pond B Pond C Pond D 

Appendf x 5.  Chlorophytl  a a f t e r  correc. t i o n  for phaeophytine from 
October 1980-June 1981 i n  the s tudy ponds (determined by the  technique 
o f  ~ S S  1967). 

~ h l o r o p h y l l  a (g r 3 )  S.E. 
Date Pond A Pond B Pond C Pond D 

Appendix 6. Phaeophytin from Oc tobe r  1980-June 1981 i n  the  study 
ponds. 

Phaeophytin (g r3) f S.R. 
Date Pond A Pond B Pond C Pond D 

Appendix 7. Changes i n  ca ro teno ids  from October 1980-June 1981 i n  the  
s tudy  ponds. 

Carotenoide (g m3) S .E. 
Date Pond A Pond B Pond C Pond D 



Appendix 8. W j o r  taxa of microalgae and inver tebra tes  from Pond A 
(organism x lo6 m-3) 

T o t a l  chloro phyceae 
Pilamen tous 
F l a g e l l a t e  
Bulbochaete 
Chloroccus 
C hlamydoronas 
Scenedesrus 
P e d i a s t r r n  

T o t a l  diatoms 
Tota l  c e n t r a l e s  
To ta 1 pennales 
Coscinodiscus s u b t i l i s  
Cyc lo te l  l a  
He los i ra  d i s t a n s  
Ac bnan t kc! 
Amyl~orn 
Corconei s 
Cymbella 
D i a t o m  
Eunot i a  
F r u s t u l i a  v u l g a r i s  
Cornphonema 
G. acuminatum 
i e r i d i o n  c i r c u l a r e  
Navicula 
N i  t z c h i a  
P innu la r i a  
g. major 
Syned r a  
T a b e l l a r i a  f loccu losa  

( long type) 
T . f locculosa - 
Tota l  d e m i d s  

Cosmarium r e n i f o m e  
Desr idiua b a l l e y i  
Euas t r u a  d i d e l t a  
Pleurotaenium n o d o s u  
Sphaerozoma f ili formis 
Staurastum inconspicurn 
S. subcruciatum - 
Tetraedon constr ic tum 
Xanthidiua o r n a t u  
X . sansibarense - 
T o t a l  chrysoph yceae 
Dinobryon 
Mallamonas 

To ta l  d i n o f l a g e l l a t e s  
Clcnodinium 

Tot ;I l hl IIP I:rcScvl:i 
PI I nmcn 1 our: 
Anahael~n 
H i c r o c y ~ t i  s 
O s c i l l a t o r i a  

Rot i fe r  



Appendix 9. Hajog taxa of microalgae and i n v e r t e b r a t e s  from Pond R 
( O T ~ M ~ S M  X lo6 l '1)' 

T o t a l  chlorophyceae 
P i  lamentous 
F l a g e l l a t e  
Bulbochaete 
CNoroccus  
C hlamydomonas 
Scenedesmus 
Ped i  ast rum 

T o t a l  diatoms 
Tota 1 cent  t a l e s  
T o t a l  pennales 
Coscinodi scua  s u b t i l i e  
C y c l o t e l l a  
n e l o e i r a  d i ~ t a n e  
Ac h m n  t hes  
Amphora 
Coccone i s 
Cymbella 
Diatoma 
Eunot ia  
F r u s t u l i a  v u l g a r i s  
Comphonema 
5. acurinatum 
Meridion c i r c u l a r e  
Navi c u l a  
N i  t z c h i a  
P i n n u l a r i a  
P. major - 
synedra  
T a b e l l a r i a  f loccu losa  

( long type 

To ta l  dcsafrls 
Closter ium w n i l i f o r r e  
Coeoarium reniforme 
D e s l i d i u  b a i l e y i  
Euas t rua  d i d e l  t a  

S . subcruciatum - 
Tetraedon cons t r i c tum 
Xan th id iu r  o r n a t u  
X . sans iba rense  - 
T o t a l  chrysophyceae 
Dinobryon 
Mallomonas 

T a t a l  d g n o f l a g e l l a t c s  
C l  enodini  um 

T o t a l  b lue  g reens  
F i l aaen tnns  
Anabaena 
Microcyst is 
O s c i l l a t o r i a  

R o t l f e r  



Appendix 10. Hajor t axa  of  r i c r o a l g a e  and inver tebra tes  from Pond C 
(organisms x 106 1-31. 

Tota l  chlorophyceae 
PilaDentous 
F l a g e l l a t e  
Bulbochaete 
Chloroccus 
Chlamydoronas 
Scenedesmus 
Pedlas  t rum 

T o t a l  diatoms 13.75 
T o t a l  c e n t r a l e s  3.75 
T o t a l  pennales 11.25 

Achnanthes 
Amphora 
Cocconeis 
Cymbella 
Dia to la  
Eunot i a  
P r u s t u l l a  v u l g a r f s  

G. a c t m i n a t m  - 
Merldion c l r c u l a r e  
Navicula 
Nitzchia  
P innu la r  i a  
P. major 
S ynedra 
T a b e l l a r i a  f loccu losa  

( long type) 
T . f locculosa - 
T o t a l  desmjds 
Clos te r i tm lon i l i fo rme  
Cosmarltm r e n i f o r a e  
Desmid iu  b a i l e y i  
Euastruu d i d e l t a  
Pleurotaenlum n o d o s u  
Sphaeroewa i l l i f o m i s  
S t a u r a s t u  inconspicuu 
S . s u b c r u c i a t w  - 
Tetraedon cons t r l c t tm 
Xanthidiua o r n a t u  
X . sansibarense - 
Tota l  chrysophyceae 
Dinobryon 
Mallomonas 

T o t a l  dCnof l age l  lates 
Glenod i n i r n  

T o t a l  blue greens  
Filamentous 
Anabaena 
Microcyst f s 
O s c l l l a t o r i a  

R o t i f c r  3.75 
-- - ----- 



Appendix 11. He jor taxa of r lc toa lgee  and invertebrates from Pond D 
(organisas x lo6 d 3 ) .  

Total  chlorophyceae 
Filamentous 
F lage l la te  
Bul boc hae t e 
Chloroccus 
Chlamydoronas 
Scenedearus 
Pedlas t ru  

Tota l  dlatoms 
Total  centrales 
Total  pennales 

Achnan t hes 
Amphora 
Cocconei r; 

Euno t l a  
Prus t u l l a  vulgarls  
Corphonema 
G. a c l n l n a t u  - 
Meridion c i r cu l a r e  
Navlcula 
N l  tzchla 
P Innularia  
P. major 
S yned r a  
Tabel la r ia  flocculosa 

( long type) ' 

Euastr ln d lde l ta  

S . subcruclat ln - 
Tetraedon constrlctum 
Xan th ld lu  o r n a t u  
X . sanslbarense - 
Total  chrysophyceae 
Dlnobryon 
Halloronas 

Total dlnof lagel laten 
Clenodinl~m 

To ta 1 blue greena 
Filamentous 
Anabaena 
Hicrocyst is  
Osc l l l a to r l a  

Rot i fe r  10.00 



Appendix 12. ATP from Oc tober 1980-June 198 1 i n  the study ponds. 

Date 
ATP (38 mo3) j S.E. 

Pond A Pond B Pond C Pond D 

Appendix 13. Algal production measured by the 14c ass imilat ion method. 

Date 
Carbon crssirilation Grg ~ h - '  m-3) 

Pond A Pond B Pond C Pond D 



Appendix 14. Mejor t axa  of microalgae and inver tebra tes  from Pond A 
(organism x 106 ~ 3 ) .  

T o t a l  chloro phyceae 22.5 37.5 3.7 113.7 91.7 8. 7 
Filamentous 3.7 10.0 3.7 3.7 2. 5 
F l a g e l l a t e  16.2 22.5 3.7 102.6 85.5 6.2 
Chloroccus 
Pando r i n a  
Scenedesmus 

T o t a l  diatoms 
T o t a l  c e n t r a l e s  
T o t a l  pennales 
Cyc lo te l  la  
Meloeira d i s t a n s  
Dla to ra  
Eunotia 
F r u s t u l l a  v u l g a r i s  
-- 

Gomphonema 
Heridion c l r c u l a r e  
Navicula 
P i n n u l a r i a  
S yned r a  
T a b e l l a r i a  f loccu losa  

( long type) 
T . f loccu losa  - 
T o t a l  desmids 
C l o s t e r i u  moniliforme 
C o a a r i u  r e n i f o r r e  

To t a  1 chrysophycene 
Dinobryon 

T o t a l  blue greens  
P i  lamentous 

Inver tebra ta  
Ro t i f e r s  
C i l i a t e s  
Nematodes 



Appendix 15. Major taxa of microalgcle and fnver tebra tes  from Pond B 
(organism x 106 m-3). 

T o t a l  chlorophyceae 
Filamentous 
F l a g e l l a t e  
Chloroccus 
Pandorina 
Scenedeslus 

T o t a l  diatoms 
T o t a l  c e n t r a l e s  
T o t a l  pennales 
C y c l o t e l l a  
n e l o s i r a  d i s t a n s  
D i a t o m  
Buno t i a  
P r u s t u l i a  v u l g a r i s  
Gomphonem 
Heridion c i r c u l a r e  
Navf c u l a  
P innu la r i a  
Synedra 
T a b e l l a r i a  f locculosa 

( long type 
T . f locculosa - 
T o t a l  desmids 
Closterium monil i forae  
C o s m a r i u  renifonme 

T o t a l  chryaophyceae 
D 1 nobryon 

T o t a l  blue greens  
F i  lamen tous  

I n v e r t e b r a t a  
R o t i f e r s  
C i l i a t e s  
Nematodes 



Appendix 16. Major tam of ricroalgae and invertebrates from 
Pond C (organism IS lo6 m-3). 

Total chlorophyceae 
FI lamentoam 
Flagel l a t c  
Chloroccu~ 
Pandori na 
Scenedesmus 

Total diatoms 
Total centrales 
Total pennales 
Cyclotella 
Heloslra dlstans 
Diatama 
Eunotla 
Frustulia vulgaris 
Gomphonema 
Heridion c i rcula te  
Navicula 
Pinnularia 
S yned ra  
Tabellaria flocculosa 

(long type) 
T . f 1 occ~~loea  - 

Total chrysophyceae 
Dinobryon 

To ta 1 blue greens 
Filamentous 

Invertebrata 
Rotifers 
Cl l ta tes  
Nematodes 



Appendix 17. Ha j o t  t axa  o f  microalgae and i n v e r t e b r a t e s  from 
Pond D (organism x lo6 1-3). 

To tal ch lo ro  ph yceae 135.0 12.5 11.2 6.3 61.1 
Filamentous 307 1.2 2.5 1.2 
F l a g e l l a t e  131.2 10.0 1.2 58.7 
Chloroccus 
Paador ina  
Scenedesrus  

T o t a l  d ia toms 
To t a  1 cen t  rales 
To ta 1 p n n a l e s  
C y c l o t e l l a  
H e l o s i r a  d i e t a a e  
D i a t a a  
Eunot i a  
P r u s t u l i a  v u l g a r i s  
Gomphonema 
Her id ton  c i r c u l a r e  

T . f l occu losa  - 
T o t a l  desmids 
C l o s t e r i w  l o n i l i f o r m e  
Cosmariw r e n i f o m c  

Totn 1 rlrryaophyceac 
Dinobryon 

To ta 1 h l  ue  g reens  
P i  lamen tous  

Inve r  t e b r a t a  
Rot1 f e r s  
C i l i a t e s  
Nematodes 


