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Four  ;j'ji\Cis i n  41ew 'tri~~svick vere seLi3iCed ox; the of alri:;iris:cs ii? physico;iirmic:ai parameter;; arid / .  
bio1ogtr.h: ci.cr-i.Lin"i.ies to test rha sff~cr- of,.Tatscii .!?;on ~ q ~ a r i c  nicro'niology. Three ponds were sprayed 
in Yay 1980 j a ~ t t  140, 280 alld 730 g Ilatai:! l 'k!, hecrare-I , res~iec~vel;~, and Lhe hnrirti; pilad was u 
ccne-ro',. 'Rile repor; ioLlo,ws c"1 se,&soiioi 'ili~re'ato!ngic-)1 cyrLr  o f  tl-irsie p o i ~ d s  f r o a  S~ptemiibcr 1979-Scptembcr 
1980. Even a i  700 g ha.-'* ?ktac.i!:?,."/was foucd ti> irnvc L i t r l e  e f f e c t  on poiid microbiolngy. 

Ali tlie poilds exhibited t h e  :li?usuai pici~oic,encn of a winter naxirrilr; i.n alga: number-; diirin:, a period of 
'ice cover. 
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Incizidi .ng a period of expcrim;~r!:;+l : sp ray ing  w?rh Fktaciil& Can. Tecli, Rep. Fish. iqunt. S i i .  993, 
i i i  i. 21 jr. 
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Nuus GV,,~,:, isr i i. i; lei, el f eL s d:, ?k%taicil "g,' S U T  l a  friurl".: l~icrobke~iie d~ quaCrrc etarigs du k>iivrai, - 
Yrucstrici, clrols is d'aprss i e u r s  il&rii?arit68 piiysico-chiniques rt hiologiqiies. En mi  1986, crois c;, crs 
S t a r g s  6";aienr arros6s au ? L ~ a c i ; ' & ~  2 raisoc "i 140, dc 289 et iie 700 gii-ia, respec~ive~neilt, ?e dernier 
servant de 6noin. Kous avons c s n t r d l g  1 P v o l u t i o n  niicrobioiogique saisonnlSse de ces St~ngs de septemhse 1979 
B sepirernbr~ 1980- XSee B 700 &/ha, ?e pesticide a r?u pou du rc5percussicii~sa 

Fai r ;  inhabiruel, Le nonhre d'aigucs a atteint on m;rxi:~iim dans tous ies Grangs elors q i i ' i l s  6taierir 
recoti-verts iie g'lace. 
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Pond C 

F i g .  i. Maps of t h e  Fotir study ponds showirlg d e p t h  contours :n meters. 



allows the caLetal.a"Lon of precipitation available 
directly as runoff after corrections for actual 
eva?otranspiration and lockup in ice and snow, 

(B 
Matacil d w a s  sprayed on"i the ponds in a 

fine mist from a Solo 423 knapsack sprayer (Boynron 
and Smith 197?) in three treecmenrs (Table I?.. The 
pesticide was m-ixed wirh a full rank of water and 
remained in an emulsion during spraying. The 
sprayer cozzle was opened fully Bach application 
took place ac 5:00 a.n. when ckie air was cold and 
d m p  so as to minimize drift of the pesticfde. It 
was possible to spray the entire surface area of 
e ~ c h  pond from the hanks. 

SrlflPL I N G  PROCEDURES 

Siacsr sarnp;es were ciii?.eckd from each ?and 
onca or twice a montFx through ihe period from 
September 1974-September 1980- Ail sampling cook 
place from permanent ' carwalks ' s o  that the ponds 
remained urzdisrurbed . 

To avoid errors due to the mosaic nacure of 
pond water, samples were taken from fixed sampling 
stations (Fig, 1)  by using a 0.5 m-3 surface 
seepl.er. Water samples for analyses sensi:%\re to 
the iatrodacrion of atmospheric oxygen were always 
remove2 firer* Since diurnal vnriaf:ons in physi- 
cs:, cP,c;~icnL, and  blologicii? prna~etnrs were 
apphrant, each pond was sampled ae the same time of 
day (Table I). 

Water depth in each pard was read from perna- 
nei~tly posic:onec: depth marker poles <Figp 1 ) -  
Temperature and En were measured directly ar the 
srandard sanipling site in each ?on6 with a mercury 
tI;erx3meter, and an Orion research ionanalyser 
(Model LO?), eqaipped wit11 a slatintea rrednx z3.e~- 
trade.. A Red?orneter 29 neter and combination probe 
IZ?.S used co record pH in the laboratory to a pre- 
cssion of C-05 pK units. Levels of dissolved 
oxygen Were dm+.-.--" iLsti.iL~ed by the 7inki.e~ iktraiLon 
technique < Strickland and Par sons 2972) on three 
repllcata ssropies from each pond. The concentration 
of ,"--,-' 

.&ia*,#i  veo organic mitier in Filtered pond water 
was aeasered directly on e Beckman Node1 25 
spectrophocometer at u wavelecgth of 250 rn with 
deioni.zed water i n  the reference cel.1, 

Water sa-cplas ( 1  i) for pesticide analyses were 
obtained  direct;:^ from the ponds in sir~olied glass 
bottles- Pesticide zradc cthyl acetate ( 1 5  2) was 
adtied to these sneiples to trap the Yftailil @,rid 
metabolites. AIL srarnplea were kept at 4°C in the 
dark unti; final exrractlon and analysis in the 
1.aboratorLes of the Research and Pro uctivity 4, Gooi~cil, F'rederieton, N.B, I.iat~icilVani% its 
metabolites were analyzed foilowlng tile procedures 
described in FaiLe"r (1978) 

Direst counts were made of predominant algal 
and invertebrate taxi. ia each case, 40 mL of pond 
walrer was centrifuged and the supernatant discarded 
until a11 the algae liad been concentrated to I nE. 
Of chis, a 26;7u aliquot was counted by using a 
Ze iss  photamicroscope and a x40 objective, Ghloro- 
phyii ,g was measured spec trophntometriceL1y by the 
improved trichromatic method of Parsons and 

Stric~land (l9b3). CLiI.orophyl1 - a readings were 
correcred for the interference of $saeophyrins (Moss 
1967 ) "  This Larter met?rad also zives a valse far 
total phaeophycii: present, Ceroteno-id pigmects were 
estimated by iisii-ig the method of Strickland and 
Parsons (1 972). 

Direci counts of bacteria were made with a 
ZeLss epi-fluorescence ulcroscope fol.iowi3g tile 
acridins orange technique described by %bbie et al.. 
(1979) .  

Yeasr:rex,ents o f  AT? were r d e  by us :c~g the 
i l ,.*re"r.y hioliminescnoce ;assay ineti:oci (3tri.liier end 
ScELroy 1957) wj- ,h  t i ;e  us-. o f  ail ada?i.eii Fdciard 
ELuoroiueter and a Rrinirninnr tarvogor 5 fast response 
L ecorder (Wild 1s;; 1975) ). 

-, rnocoh,-terotroptic ill:j_i~lty i l l  phyLopla:~ktoe 

was seas:,red by the Tight ccG dark bottle technique 
described in Pentecost and Tlappoy-blood ( 1 " 5 8 ) ) ,  u s ing  

as a tracer. 

The wate r  iilpu: irtc each @nil k i n  St%r.rr ceiirt- 
lared from n moritll:y hydrograph (irjipead t x  i 1 and rs 
presentt~i? i n  Tables 3 and i s  

The prrcidurninact tax8 gr9wiiig ti; i i w  v i c i n i  t.y of 
each pond and the major aquatic scacropiiytes are 
recorded in Table 5 ,  

. ~ 

/ ,  

actacfl -g~cccorred fc i-.oiiceotrattoi:s i t ?  xo 
53 pph in wr.d G 13 h after spraying and was st:li 
detectable to low levels, 8.9 ppb, 12 d larer. 
Tnree metcbol $ten were detected: b- ( foz-~n~?nnino) - -3  
methylphenol methyl rarb=ate, 4-anino.-3-~iir?;1;~~l~- 
phenol, and L-(rfiethylmlno)-3--ii?eihylpher1oi - 
"ietabolik7s were icui:il to ipcrsist For 2 b  d (aiier 
ilatacil G. applicarioi? ; !+-<foriu;~lanino)-3- 
nethyyl phenol was not detcc ted in m y  i;a.np!i.s. 

Water depth changes i a  the study ponds are 
recorded in Appendix 2 -  &cords of tilmperarure, t??, 
and pH througi~out the i2-o ~ e r i o d  are prcsenccrl ia 
Appei~dix 3; these for dissolved oxygen and i?ir;sclved 
organic matter are recorded in Appefidices 4 and 5, 
respectively, For 6 wk, from rhe end o: ;antwry to 
the beginning of Ikrch, ponds 3, 6, and D froze, down 
rn rhe sediment, mnki-,g waies sazpling feipossible 
during this .=rid, 'The plant pigmeat record for the 
s t u d y  pods is presenrrd i.1 dpptandire; 5-9 .  Tna 
major raicroscopic algae  and lnvertebrat~.~ have heeo 
calculated as nt~ohers per in3 a;>d are prssri:-;ed 
in Appendices 10-13- 3sctcrial coui~ts in pond water 
were srarted in April 1980 and ",ilv results are shown 
in Appendix 1 4 ,  Microbial accivitg in the -water of 
the study pocds was measured as ATP content (.Appen- 
dix 15)- Algal primary proiinctbo;~ was essesscd as 
the uptake of carbon p r  lour (Appendix 16). 

lour y n d 6  mere ci~nllar ;n a! 1 pkya ico-  
cheralcal and biological Farameters asscissed (Appen- 
dices 3-16) and, thus, formed an ideal s;irs:ea For 
rhrse experiaental studiec, Since the pads e r e  
small, it was possible PJ apply the psr:cide evenly 



TaoLe 3 .  I n p u t  of gaier  from p r e c i p i f a t l i - i n  d i r e c t i y  onto the pond sur fare*  

-- - -- Water i n p u t  (m3j- - - 
Month S 0 N B J P  M A M J %, V A5 T o t a l  

Table 4 .  Ir,prat o f  water from cate'menc area, 

- water / m 3 j  __- - 

t s 0 W D J F : 4  A M J j k S To ra 1 

T a o i e  5 ,  PredomLnar,t ~ l a ~ : .  tcxa growing In ana around the psnds, 

m- ~ a x a  Pond A Pond B Pond C Pond D 

Trees: 

A b l e s  b-l samea 
A; nus 
B e t t i i a  
a r . z t  
PYCBca 

s a l r x  

Shrubs :  

Aquat ic  rnactophytes: 



over the entire surface from che banks, Tnis was 
i;aparwnt as it meant the stlrfzce microlayer 
remained undistiirbed . W~~kiiile working wirh Eenitro- 
*. ~riiai;, Yagcire (1980) found that voiacization fro= 
the surface microlayer was very fast, with a fuif- 
life o f  9-3 h .  Zt is likely, however, that the 

.-- " 2 - n l i l u n i ~ ~ e s  supported by such small 
systems i*-iPL vary greatly froa year to year, i t  i.s 
therefore i.mporr+int that these year-round, in-depth 
stdies conrinue to provide a 5aseili;e from which to 
judge the effects of fuci~re psseicide appli.cations, 

,'-', 
Our s t r i d i e s  ;ndica::e r i l a c  "kttacLl. $3, in the 

concentrations ifivesjtigared bad little effect on the 
microbial corrstr?c,lties. Ail pods experienced a 
normal spr.1.n~ Noon  withco~nparabla p a k s  Lri algal 
numbers sl-~artly afx.er the pesticide applications, 

r l l l  the exjicrfi.-rnts? pnd; c?x~ertenccd high 
leve:s o f  cbTnropliyPI (Append ices 5, 7 )  and algal 
cotsets (Appendices iO-.i3> during rho winter aoritha , 
S>ecember-i"ebr1~ary~ w i e r ~  aracS~ pond was :ca covered, 
Such winter maximi; are unr:icorded and irn-v- receax-iei 
;ittit: at"iri.'-it: iii the LiLeiature. Tire iiie~io-~entir; 

firtit prrpAd , - b.- 7-  P .;.lv rL,  S, 0 ~ 9 3 9 ) ~  i'l while ~mrkkplg w i t h  
tte $ inborn 0icyllnr.i hrigiit:wcll i jklesr) ic ttze English 

He found ",a:: the organic material 
required for tke growth OF tb" . ~A diatom was preserat 
only during the winter, Tnere Is also evidence of 
increases of cerrain species of ramicelli~lar algae in 
smd311 * *~.~es - 1 .  and ixnds under Ice -d~P.ich produce 

extranrdinzzriiy large maxima (Huechinso- 19671, - lhis r;ugges:z c h a t ,  as In the nopine situaeioo, some 
freshwater species be rleperident upi;:: soze 
ap@~.ial cheralca: cor$dLi.icsns sdktch arc: ;r:ost 1.Lkely to 
be present du-fop wincri , Other recorded cases of 
winter maxima de;l wilrl~ iiicrcasee in one particular 
species o f  a;gae i n  each pond: Rurkhoider (1931) 
fouad riiih naxfma for tit*? Chloro$,yceae 
C?a9aaiyd01nanas arijzi2osa (3iii.l and Cartenia  g l o h s a  
( Koi-sci;ike.f;j, ar:d the Dinophyceac? Gienmfiniam 
ne9.L ccttir? ( Sch4 41 !.ng) and ."rcidPum inconsp iciaum 

{l,emnsrmann). Sze (1 974j, work'iiig an 'hke Erie, 
found d i a t o : ~ n  to be the dofiinoiic phyropiar*kter  ufider 
ice, !h.nic-ser: these cliatorls were always at a mini- 
b i ? ~ i  deirii.6 the vl.r:ter alchoiigt, in rocccic years, the 
reductloo b 2 ; ; r i  been :-ess pronounced, an Indication of 
increased riir~ophi~~~tion j Sze 1974)- i n  com;rarison, 
w i n i c r  inaxicta i:~ our lieu Braasb3ck study ponds 
include iesmd.is as wti:i as a amber of d:atom and 
flo&elis~e ge:terc:= 

"IT& wirrrer o f  i97F-80 was relaxi rely enow free, 
t , ss-u~ ' i ly  no nure ihen a few eei~tirnetees of snowfall, 
vhl.zh was aliqays sliort---1I~ad. Yr may be that in a 
>jaai- . s ich k,ear,y o:iow:ail i.~.aufficient l i g h t  pnetra- 
<;a:> could ci!rr; the oljserved w,.nrer peaks Wright 
/ I % 4 ; ,  r~orki.;ig in  Lakes iii eastern Yeasachusetts, 
found tisat a camber o f  species of flageila?tes showed 
ei;pneerzt.iai ificreases to a maxiinurn during Sariwry 
and February but that these declined rapidly after a 
series of scowfails. Further stusies are necessary 
to deterrntGe the lcpg-term effects sf ann-ml appli- 
cations of btac il. <% and :o investigate any future 
occurrence o f  vii:ter algal maulroa, 
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Appendix 1, Water baiance record oased on climate data collected at irk B~iologrcal S t a t l o r ,  St. 
hererir.;, N.B. This nydrograph de r rvea  S j  rne  ~ l e t F o d  nF 73nrn t iua1i -e  and  P P a t h ~ r  11457) end uses 
t h e  same abbrebiations, It w a s  necessary to report tempcracbras rn "i" i n  order to a e  the table.; 
presented by Thornthwaite and Mather (1957).  

Hear. T(OP) 
1 
Unad j , PE 
PE<inch) 
P 
P-PE 
Acc.Pot.W1 
ST 

ST 
AE 
53 - " 
RO 
SmRO 
Torn0 
DT 

A-ppendix 2 ,  Dsptl; of dater (cm) ic eacn pond as recoraed oy the permaneqt 
depth poles (amber I n  brackets represents the thickness of ice 1;1 a n ) ,  

Dace Po~ld A Pond B Pond C Pond D 



Appendix 3 ,  Changes i n  tempera ture ,  pH and Sh fro% September 1979-September 1981) i n  
the s tudy  ponds CPPi - pH un i ts ;  Eh - relative to AXE> is 

Dace 

Pond &- 
Temp 
i a e )  171; 

Pond B Pond C Poiid 1) - - -- .- - - - - - ---- 
Temp Temp Temp 
("C) pH n ('C) pH Eh ('C; pH Eh 

- .. . - - - .. . -- -- -. -. -- 

I6+5 6,0 267 8-2 6,2 266 10-3 5-3  211 
15 5*8 27i i  1: 6-05 267 13 5.35 271 
6,5 5,s 239 6-2 5.6 270 6.5 5.2 275 
6 6-2 280 5 6-5 280 6 5-85 284 
4 5 277 4 6.7 278 4 5.75 284 
3,s 5.3 286 3 - 8  5-5 279 4 4-8 279 
3.i 6-0 2.5 6 - 1 5  3.2 5.35 
8 5-85 280 6 6 278 6 5-35 281 
0 5.4 276 9 5-6 272 0 5,O 279 
0 5.25 276 0 5,75 275 0 5-1 279 
0 5*3 267 0 5.8 269 0 5*25 265 

Appendix 4, Cr;ar?ges i n  d i s ~ c l ~ i r e d  oxygen from September 9 979-September i 986 
in tkxe stuciy ponds, 



Appendix 5, Changes in dissolved organic matter f r o ~ i  Se?tenber 1979-- 
September 1980 in the scudy ponds, 

Dissolved crgaaic matter as ineaaiired a: 250 nm 2 S,E, 
Pond A Fond B Pond C Pond D 

- - - . - .- .. - . p- -- - -. . - . . . - - 

0.88 i 0.0~3 0-56 r C , O O I  0-84 r 0.005 G , ~ S  t c,i?o4 
3-94 " - 0 0 3  0-41 i- 0.003 0,32 f 0,061 !,OR f 0,004 
0,87 2 0,Oi 0.3710.021 0,75?0,003 ?,iC?C.0i? 
0.75 0.30 * 0.003 0 - 6 5  2 0-01 i - 0 4  4. 0,004 
Ca70 * 0.003 0,34 2 0-017 0.69 1- 13.36i C-83 i 0.009 
0.48 * 9-00?. 0-34 f 0,OOL 0257 ft C1,Wl 0-55 f 0,006 
0.44 1 0.006 0-21 t 0,0L 0,48 "0.602 3.35 * 0,003 
0-28 * 0-001 0.19 * 0,034 0.31 * 0,002 0-32 k 0 * W I  
0.42 0.005 0-27 f 0.802 0-42 t 0*001 9-38 t 0.004 
0,42 i 0.001 0*21 U 1 , 0 0 5  0.57 2 0,002 0.41 2 0.003 
0-38 ri: 0.001 0.21 * 0.336 0,33 2 0.001 0,73 1 0,004 
0.35 0,002 0 A 5  f 0,006 0-32 * 0.001 0.54 3 0,007 
0,013 1: 0,064 
0.07 -L- i ;-i)o~ 0-05 r 0.00: 
0.32 i 0.002 0 , : o  0,:0 0,3113,001 0 . 1 ~ ~ t 0 . 0 0 2  
0*32?0-003 0.18i-6.001 ri,29iOmG01 0,1920,004 
0.36 i 0.007 0 , 2 4  f 0.001 0-32 2 0,002 0,29 i- 9,mCli 
0-44 f 0.C0 0.28 2 0.001 0-41 * 0,002 0,39 1 0.00 
0,iB 0 - 0 6  0-48 F 0.06 0.52 5 0,008 0.55 ">.a0 
0.63 i- 0,OO 6-54 i 0.16 0-55 2 5-62 0.57 7 "6.02 
0.03 r 0.02 0.24 i 0.013 9,55 f 0.002 3.35 k 0.009 
0.91 8.0i 0.43 f 0,015 0-79 1: 0.016 0-63 k 0.005 
0.71 * 0,605 0.21 0.ILJ5 0,44 i 0.008 0.23 *- 0,008 

A p p e n d ~ x  6, CSiavges in clilorophyli a from Sentember 1979-September 1980 r n  
ihe study ponds jdpternined by Parsons ana Strickland metnod), 

--- - - - 

Chlorophyll 2 ( g  * S,F. 

- --- -- - -- -. - - - 
Date Pond A Pond 3 Pond C Pond I3 



Append ix  7 .  Changes in ti;. vali~os of ck~lorophyli - a a f t e r  correctiori fox 
phseophyt ins from Sepceniier i 979-September i 980 in the s r r idy  pnsds 
(8eteermi11ed by L i e  techn2.qur of iCe")sc 19671 - 

Chlorophyll 5 jg n-') 2 S-E. 
- -.--. -- 

Date liond A Pond B Pafid i: Pond G 

kpper.d;x 8 cliange:, in phaenphytin from September 137(3-Se;>ireaber 1986 in 
t h e  sttidy ponds, 

~- 
sate Pcad A 

"h la  Cvr in  i e  m-31 - L s ~ P ~ L .  - , <.-- 2-:.-?& 
Pond B Pond C 



Appendix 9 .  Changes I n  ca ro t eno idc  from September 1979-September 1980 i n  
the s tudy  ponds.  

Carotenoiis ( g  r ~ t " ~ )  t S S S S  _ 
Date Pond A Pond B C Pond i) 
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Appendix i 4 .  (manges i n  bacterial numbers ( x  loi5) from April 1980-September 1980 in t h e  s t u d y  
ponds. 

Pond A 
Date Bacilli Cocci T o t a l  

Pond C - -  Pond-?- . _- 
Bacilli Cocci Tota l  bacilli Cocci To ta l  

Appendix 15. Changes in AT? f roa October 1979-May 1480. 

ATF {mg mni-'1 f S ,E.  
Date Pond A Pond B Pond C P o d  D 



Appendix 16. kl a l  reduction measured by the I4c uptake  method - 
uptake C jmg Co-t rn-5,. 

Date Pond A Pond E Pond C Pond D 


