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< ABSTRACT

Qf the 8 'ntudlod,

A Hly 19‘}3 u H.v_ s:atlum.

N :
tonl auspsnded u:ter, BOD, toul 00 aud iue OCI2 vere llsnifieantly " e

sreuer in a small poul prior -to- the mn ‘body of the pond near thz am:r)r

{ T ef i..aarys Brook whare current -apeed is nol:ienbly Q::d. Sedimentation _ﬂ?‘. h
ca di!'ferenées were é{,

- faund beween dtations ir!.t‘h relpgl:t to pH. dluorved 02, '.L‘DE. to:ll hlrdnul

C A . rate was l!.ao sreatest at t‘hll lecatien. No slgni

Ca hardnesn, alkk‘l.tnity, mnluﬂ-ﬁ, nitr:l.‘:e-!, nitrﬂt:—h!hﬂphnc_-

) +, " and pul)-phoaphnu ak’a‘:.er qmlity in I.ong Pmd i.s eonpnred ﬁl:h uhpullu:a&
. 4

X 'lekea .and gt:ealps in tl\c al:ea1 nutri. nt lavtle are. imlieat‘l.va of lul:rnp 9

comli.t:l.oua.

' Bent_lwu uns studied at :ha am station ‘as al:ova ffo- June 19?1. y
'

._-r.c August 19?7.. ndvene physlmheniul c&d;tl.ona Iﬂl!&h_p__ ailed rien.'

" ‘the. point of enr.ry of l.eurys Btouk were: mflacted :l.n ths l:onpouautq u:oupt‘i ﬁs«.

) tile hentllua. Nmﬂmre af Tuhi.£55 l:ul:ifax {mmdnm 1'20,000!- Y. incrmaed

‘time, whi.ch pnra:tleled im:maaes 1:\ BOD (-axim' 12 .9 ng!!.) Oppased

I:he almost mpaei!ic mture of this an::l.on, diveml:y m gnanr at ths

other stat g, Diverlll:r ind‘ex vaiuel Hum _' ." d for l!.l



- v - -

Plankton was studied quantl.r.etively at m a:at{.on (u!.d-pond.) fm
April 19?2 to Hay 1973, A conparlaon 1- mﬂe uiuh Curkas Pn,nd, ‘Hogans Pond .

- snﬁ Bauliue Long Powf ' Long' Pond phj'tu'pllnkm W l'.hnnl:nriud by

utnte, \:otal zoﬁplankmn and m:ni 'pll)?m.lan'k.ten and toul znnphnk:on and

tamperatuze. °
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- INTRODUCTION

The effects of urbanization on uilter quality have been discussed
and summarized by Hcﬂxéi,ff (1‘9?2) and Weibel {196%9). The same has been

done for rural I.runoff by Biggar and Corey (1969) and wai.:lnat.;'et_‘_‘n_l. (1969) .

}unlegjcal responses to chages in water quality have been given ;mprehensive

) ‘treatment by Cairns et al. (1972), Hynes (1960) and '\Iatren (1971). This
investigation attempts, on a aensonni basis, to re‘lutg community structure
.and diversity of benthos and aspects of plank.tm\ ecology to pellution and
othbr envirlmmiental factors. =

Long Pond is locaEed in an area designated as the C. A. Pippy
Park, St. John's, of which Medorial University ?nmpus forms an integral
part. Fig. 1 shows the location of the pond and Learys Brook (which enters
the northwest'corner and is the main influx of water) in relation to the
al;rroundi.ng rural and urban arecas. Learys Brook receives drainage from.

- ﬁismre Pond; Junipel:-l’onds and Oxen Pond. Most major farms in its vieinity
are either dair_y-.or Eaul:ry farms and there is a minimal amount of tillage.
Alseo included in fhe rural area -are many residences, some of which are not
equlpped. with septic tanks. Within urballl bounidaries the brook flows through '
an industrial srea, a shopping center (unde'r the parking lot), a residential
area and’ the EIDI‘tIl campus of Memorial University which is pzeaéntly und.er-_

going extensive expansion. This project has left large areas where the

vegetative cover has been removed and has r:yn the filling of the .
greater part of Long Pond Marsh which merges<Into the western end of r.h‘e pond

-




Fig. 1. Map showing Long Pond and Learys Brook in relation to'*
IXC! the rural and urban areas (modified from Amon. 1971).
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and formerly cmprlsed a surface area nearly equal to the pond icself.
- A small stream called Nagles I|il]. nrcuk which receives drainage from Big

Pond, Middle Pond and Left Pund, entcra the nurl:haqs: comer The - nm:lal:

(Renni.e 8 Rlver) leaves the ndthust corner and ﬂwu thmugh l:tle‘ ci:y

direction of 'I:ile ‘prevailing ues:erly winds. The de-pressim is nueh :hn It

“affords sose shelter from nnrtherli.u and southm-li.es‘ ﬁuet E:m Learye

Brook is furcgd through a narrow channel into the pond wll.tch fact v:cmb.lnad
with the physical arrangesment of the area forms a .small pocl antecedent to | ’
the -ai.n-budy of the pond.where current speed is noticeably reduced (Fig. 2}.1

The nnxinu- dspth of this pnal is 3 m.

Long Pond is characteriabic of the type of small lake deucv.‘i‘hed

by¥Brook and Woodward (195?) which may be regarded as part of a -rj.ver or

stream systen where the flow of wate.r has bnn tm.porariiy impeded. The
catchzent area aromd Long Pong is such tha: a heavy raintall rasulta in a

rapid rise in the water level and a mnaiderahle volume of water flwing

through. P].uahing is highest in apri.ng and fall u'hen prev:i.pitatl.un T.s srear.eur.. 7
The extent nf flooding Just after the spring- -el.t can. be seen frm Hs.

by comparing the edge of mtgenr_ mrsh vegetar.i.nn for- .l\pril and Kay uith

Fhat of :he sw:. mh'lns the forner period as opposed to :hn h:l:ar,

vaggta:tm within t.'hg area encluserl by 'both bwnd-ur!.ea is covlplel;ely suboerged.




.- Fig. 2. Bathymetric map of Long Pond (accomplished by the author).
. Compass direction indicated by the arrow is true north. b

¥
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Table 1. Morphémetry of Long Pond.

Surface area 12.50 ha. )
Volume 3.99 x 10° eu, a.
Maximun length © 0.85 ka. i
Maximunl effective length S 0.85 km.
* Lhngth of shoreline 2,07k 7
" Maximun width L. 0.19 km, :
® Maxtmun "Ieffggnva_ width - i 0019 ko
Mean width _ o ©0.15 km.
Maximum depth * * . . .. 10090 . -
Mean depth R : g 317 m.
Hean depth - maximum depth relation 0.29
Maximum depth - surface relation 0.03
Shore developmeht 1.63
Volume)development 0.87 .
Depth (-.’) Area (ha.) L z
0-1.8 o 4.8 8.4
1.8 = 3.7 3.3 26.4
3.7 - 5.5 2.0 16.0
5.5 = 7.3 1.2 9.6
7.3 - 9.1 1.0 8.0
9.1 - 10.9 0.2 1.6
Total 12.5

#*Computations in this table are those of the author. -




The replacement quotient of a lake can be determined by dividing.
the volume 9f the lake by the amount of water .flowing-through :‘or 3 vén
pericd (Bronk .and h‘ooglwnrd 1956). The raplncemnt quotient of Lnng Pond

just after the spring mz_lé is app:oximtely 4.5 days (determined by d.:l.\fg‘.dlli

‘the volume of the lake by :he_m':e of flow of "Ehg..'.,uu__e,_-?‘ The ‘sumer ‘: '
\ralua is approximately 13 days, Iwﬂmi-at;'. 'r.hia. is based ‘on the volume of. t‘n:
lnke,under flooded conditions divided by the greal:ly reduced rate of ﬂw

of the outlet dur.tng the BummeT, :he:efum. prupe\:ti.onntely speaking, it can

-be assumed that this ﬂ.su:e ‘is somewhat lower. X -




MATERTALS AND METHODS

oy :
é—ﬁipllns (lreaa o
. Flg. s'émﬁ the

altea uel‘e choasll :I.n ord

-pqlnt 5f ent:y to- the point of ¥

was regarded more’ as a strean I:hnn a pomi. Ststia‘u I uaa J.m:al:ed in che

pool prior to tlle main body of the pond sr.nl;i.on IIL near the

mldmy between Stati.nnd 1 nm'l III.

s.npl.l'ng Periocls
. . “

The phystcachemiul eﬂvi’.roment was sanpled in three P se_§ a_n. a
Eu‘:tnishtly buls ullicll !n:mal Iras :nndl.iief.! to some exl:su: by
ice cagd_ﬁtians. During :Ile f!.rst phue (Juue 9, 19?1 - Janual‘)f 28 15?2)',

‘auifl:_e'samples only vere tahm,a: _nl.l.sl;a:i.ona. l’arnmtt.rs studied wure P

temperature, pH, total .E_L\.s'sul_.va& solids LTIDG)',__d_‘ 1% ‘_. 0, or! ;" spha

polyphosphate, ‘ammonium-N, nitrite-N, ui:rété-ll.' 'bi_.o:'&'lleﬂ@ica}_ oxygen d_am'und':

(BOD) , alkauni:y, :onl co, and Erea ©0,. .During the secdnd' phase 'O{nrc'h.' -

2 2’ ;
15, 1972 - Nwenber 13, 1972) » w!.th thg acquis!.ti.on of nddit!.onal. equlpm!lt, )

it was pau.{.ble to- samp.'l& otntinn \" on a \rett!.ca]. pr!.s (depths of 0, 2.5.

and 5.0 m), vhile contlwing to ta £ aurface samples at the ol;llet ata:lm

The parameters atudied were the same s in r.hg f.trpt. phnae- the ouly di_ffureiw

" was that. betu,eeu kpril 27 nud August 2 teupsml:u:e reading we\:a :a‘k.en mkly



Map of Long Pond showing the loc

stations.







instead of every two weeks. During the .thl.rd phaae, (December 18, .1.9?_2 ol

May 10, 1973), sampling was limited to the three depths of statior{f V. .Ln

addition tq the parameters studied in the first two phases, determinations
- for sulfate, chloride and silica uere carried out. The pattern for total
. sugperided matter was, the same as descrihad for the above parameters except

that .measurements did not begin until Mny 18 of the second phase, Other

exceptions pertain to Sacchi. disc readings and sedimentation rate -qmeaaurmnta.-

The - former deteminnti.nna were made weekly at ntatlons I and V from April 27,

19?2 to August 31, 1972 and every two weeks from that date until November 13,

1972; the latter delermina't!.:_ms were ca:rled out only on selected occasions. &
Ben"thos samples were taken forthnightly at all stations from June 9,

1971 to .ﬂugua;t 10,- 1972, Qualicative pi.mkl.on samples were taken fo;tlmighl:lyl .

from Jll.l'le 9, 1971 to March 15, 1972; from April 27, 1972 until May 10, 1973, 1||.

" addition to this,” quantitative samples were taken at the three depths of station V.

) - )
f - . Physical Determinations

Temperature . .
. . : . During the first phase mentioned above, surface temperatures were

taken with a mereury thermometer. After this, readings were ::‘aken with an

electronie :h'ermnet:er (Applied Research Associates model FT-2) which was

equipped ;uit.h a thérmister at the end of a 15 m cable. TM). :ln'é:rulmn: Was

g f e i i
“ calibrated by a mercury thermometer on each field trip. Continuous r.ewperi H
ath data was collected with a Peabody Ryan waterproof themugrnph Hoda]. -8,

.. uh!.l:h“uas snnpendaﬂ at a depth of 2.5 m at station V.

. ' .
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Total éuspemted Matter

Total suspended matter was determined according te Standard

Methods (American Public Health Association 1971).

% Sediuntation

‘Sgdiue'ﬁitauon rate was measured at each station by the device
shown in Fig. 4. This ::onsisted of a galvanlized tin funnel which concentrated
settling material into a detachable 16 ounce mason jar. The base bf ‘the
supporting fra.-_e was constructed oi“;( inch iren plate'. A narrow rectangular
opening alcng. the diameter of the base lessened the resistance when the
device wasg lowered and che.re'by décreased the amount of bottom sediment
displaced, which inadvertently could ‘hnve entered the funnel. With careful
lc;uering.. however, the nverall‘ heighi: prevented extraneous sediment from.’
entering. The remaining su‘r“l’ace area of the base was adequate -to pra'\.ranl:
sinking into the mud for any appreciable dis :anc_e.which tould have proven

- ’

troubdesome upon later removal. The funnel was attached to the base by four

’ evenly spaced iron rods (3/8 in:ﬁ lameter). A chain was suspended fr-;'.-a °

ring on the upper end of each rod to a free central ring which formed the
basis for the ltlﬂ:.‘\&ﬂEﬂt nf_a buey via a pilece of rope of appropriate length.
. . The devices were placed in 2 m of water at stations I, II and IV,
1.5 m ar station It} and 5.0 m at stalion V. In all cases they rfi;'jﬂﬂ"m
the water 4-7 days. Careful removal ensured t;'hat none of the contents were
lost as a result of created disturbances. ‘mel following pl:ocedure'wa'L carried

out forf each sample thus retrieved. All the water and settled materiil in

the sampler (contents of funnel and detachable jar) were siphoned 1nt‘1
A



Fig. 4. Device.used to measure rate of sedimentation. Dimensions
expressed in centimeters. Photograph by Mr. Roy Ficken.




- 11 -




-12 =

T

10 liter pol-ycl:hy].anc. container. Rinsing with distilled water followed
and the washings were poured i‘ato-the container. This was a departure
from the Gl"igi.na]. plan uhi..ch was te use the contents of the detachable jar
after carefully siphoning away superflucus water; however, nateria;l also
settled onto the funnel and this had to be accounted for. Once in the
.'I.ibour.ory, the sample was n'lde up to & known volume with distilled water
and poured bai:'k;;i.ntc _th_e polyethylene container where it was thoroughly
.shakren and an fil!fquut ‘poured into a .sraduuted cylinder. This por:i:on
(v;alume of umicﬁ d}'pEnded on the concentration of the original san;pi.l) was
treated in the same manner as mentioned ahove for total suspended matter,
and tlhe dry weight of sedipent l:untai.!:ad therein was determined. The dry
weight of sediment in the vhole sample was calculated by multiplying this
result by a factor obtained when the volume of the__ original sample was
divided by the volume of the aliquot. Knowing the area of the collgcting
surface and the length of time the device vas in the place it was possi.blé
to express sedimentation l;te Iss n\gp"cmzfzﬁ hr..

' Because a muffle furnace was not av'ailal.t.!le initially, volatile
matter wvas determined only in the lat;r stages. This likewise vas carried

out according to Standard Methods (American Public Health Association 1971).

norﬁhamtry, Rate of Flow and m;tl:.cm Types

) Sounding\u were nudel with a Benmar Depth Sounder l.mdal'lm-ZS thn:.
was c_luackad against a leaded line. The dg-epest part of the pond (10.9 w)?®
w;s not E;und prior to taking soundings. Since the investigation was nearly

tompleted by this time, except for temperature readings, no attempt was made

o
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to ‘sample this area. Morphometric determinations and rate of flow of the

outlet were ‘computéd according to ‘methods outlined by Welch (1948).

. Botmm :ypee were der_arpinad with a nest of “graded” Tyler sieves

accurdi.ng to ‘the wet aievlng proceduu of 'Hs.lch (19&8)

Chemical Anal.jnes o PR -

Sanrp].i.ng in :‘h H it phue was Ir.con‘pll.shed with a.one 1#ter.

Kemmerer me:all!.c Irater smpler which wan w!.ta'ble for surface aamplihs. but

‘was inadequate- for vnrtjeal. sampling: due to ‘_zn_‘ unreliable cloalns mechanism.
A three liter Kemmerer ponmetallic ualterlunpla:r was then obtained and taad }
until the end of the investlgati.on. Sam'plex- .xl.relte';a':;ed in thoroughly
cleaned polyethyleue bottles which were rlnaed nevern.l times with
dgninera!.lzé:l water. Because of t‘ne- prnxi.-ity n‘f Long Pond 'I!o r_he J.nbora:ory, N
all analysas were performed on :he day of mpling. Except for pH no fleld ~
detemlm:inns were made. ._ _

pH readings were ubt;ig;ed with a Hach pH weter model 1975 ;u!.d a
Radiometer pH meter nn‘dal... PHM:22. Total dissolved solids (TDS) was determined

with a Myron L Gompany del.uxe BS meter model 53271, Colorimetry was

. perfomd with a Bauach and Lomb Spectronic 20 spcct:ophotamter using

calibrations and procedures’ outlined in a minual deve.l.oped for that i.ns:nment

by Hach Chemical Company (1971). Dissolved 02, ort hate,-poly hate,

ammonius-N, ‘nitrite-§, nitrate-N, sulfate, chloride and ail:ica were determined

~with Hach "lat y test" chemicals. Biochemi 1 Oxygen Demand (BOD),

alkalinity, total 002 and free 002 analyses vere carried out_a:’:ozding to

methods in Standard &Etttda (.Angril:an Public Health A-anciati.on 1971)% -
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Ticration endpnints’ fnz alkalinity and free 1‘.‘.02 were dgurnimd yith a

pH meter.. During titration the samples were agitated gently with a pagn'cti'.c
stirrer. For BOD deumlnat.t?ns the Hach duso.lved‘ oxygen method was used
instead of the Winkler Method, ALl reagents vere fade vup with glass

_diqtilied ‘demineralized water,

Benthos

A s!ﬁsi!.e étedsfng'uith a b-inch. Ekean dredge constituted the sample .
at each station and was taken randm.nly within a water surface area of
approximately f?)u m2_ Depth ranged frum- 2-3m at stations I, II and IV ,'

1.._0—1.5 m at station III and 5-6 m at station V.  STations II and IV were '

located on the basin slope. Paterson and Fernande (1970) found g'hat a ﬂ.nal.é
dredging at ‘each station was adequate to assess the overall pa:pern‘oi'
colonization of a newly formed reservoir. - Since the present study was

interested in comsunity structure and dive'rslty and not con:emed with -

dens!.r.)r distr!.bul.loms or biomass est.inates, the same procedure was adop:ed. LT Y

The dxedge samples were placed in pulyel‘.hylena _bags. of suitable
size and b_rough:‘u the laboratory. ‘mey. were then atnintd I:l\rnn.sh ajevas
o! 0.6 and 0.3 mm nylon net under a gentle, sulrling s:raam of I:ap water. ..
Specimena were. préserved in 70-80% alcohol.  All chironomid: Larvac were
dehydral:ed cleand and. uuunl:eyfn Can.adn balsam in xylana for idgntiﬁicatiuu. -

'A: stations I and V large nusbers of Tubificidae wére ancollntenrl.

After all extraneous material and other mtml{n}‘ﬁéi‘e rcm.:wgd'frnn _n'si.ftéﬂ -

sample, tl\je— Tubificidae were placed in a phakllig wvessel (16 5u|_|ci_ jar) and
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: ) .
made up to a known volume with tap water. A Hensen-Stempel pipet equipped

with .a 10 ml spool was ingerted into a hole in a rubber stopper and

introduced into the jar to;a level where the extruded spool reached the

midall.c cfl the sample. After a thorough s'hiki.ng, the 10 ml aliquot was
removed and :he animals counted \mdn: a n:lrconi.c:dse@e.- By applyins :h.e.

nmlt!.plicqtion fm:tr:: -obtained when the original volume was divided by the

aliquot volume, the total nunber of :ubif,{.cida in l:lle sanpla wis deunﬁ.ned.

Statloqs II, 111 and IV turned up large numbers of animal tubes. In the
event that .:hey nig‘h: have. contained a'pec!.mens-. all other material was
cleaned away and the tubes placed in a shaking vessel (16 or 32 ounce jar),

but instead of extracting an aliquot with the Hensen-5tempal pipet, one was

Ty

poured into a graduated eylinder (volume de’bendéd on the original concentration
» . -
" - of tubes) and the tubes contained therein ined under a s i

ﬁ:e size of the I:uba'_s necessitated thie kind of subsampling procedure.

_ » . .
P An attempt wa_a made to rear chironomids to facilitate 1dentificatllon.

Mud containing specimens E;u{n each station was placed in an aerated aquarium’

equlppéd with a cover of fine mesh bolting cleoth, which ‘served to ‘trap -

emerging adults. Si;me-thla was doné on cne occasion only, all the larvae
.._ enmuntered thraughuut the sampling ]leti.od were not repreaented by an ad.ult
! Cu-nuni.ty sr_rur_ture was mlysed by use of the !ol.‘lwmg diversity

index (Pattem 1962) as derived from information theory:
- .

B . o " - 8 =
: '. N E l?,- —? (n; /n) lr.a.sz(nifnl

4

, where n is the total number of organisms, n

1-13 the nusber Df.indl'\-riﬂ\._lals




per taxon and s'lhthe number of taxa. Logarithms are interpreted to

base 2. When sampling a community, the more species present and the more

equal the mumber of individuals in each upecies. the sﬁmter the um:ermiuty )

:hat exists as to l:'he apm:tes cf ‘an individual taken fmm that I:Dmunity.

) Less mcer:am:y cxi.st.s vhen :he:e are Iuer apaciqq and one or a few of-

them cohtains l:hc bulk ol’ the total number of organi.m preunt. Id_??urmatiuu .

“content is a méasure of uncertainty which in’ tum is equated mh-dm'rai:'y.'

The above formula is dil;le:uimléas (ie. applicsbi; to nusbers of organishs ) I
as well as biomass inits) ‘aml expresses :the_:eh.:tivc Lq‘:’o::_méz of each
species present in the ;:oml.lr_llty (Wilhm 1968; Wilhm and Dorris 1968); it is .
also 1ndepéndeut of sample size (Wilhm 1970). .
‘k. -
*  Plankton

Qualitative net plankton samplen vere taken with a H.iucanain
pla:\k:m net of no. 20 nylm bolting cloth (mesh size 80 mi.l::oul)- The net
was towed slowly behind a boag, or puoad up and down vertically throush:a
hole in the ice, Qualitative nannoplankton samples (taken at statiom V
wil:i\ the two l':ip_e; of_mm::i' water sam:ur described above) were prang.r..v.d
in Lugols sclu-l:igm and 10% acetic acid (Schwoerbel 1970) in 8 ounce jax.'s.

_‘l'l|e. jars were allowed to sit undisturbed in the laboratory 'fﬁr approximately
' three days ‘aftn’ which time all the solution was «giphoned of £ d:u:up:l; for .

thc.laa-t 10-20 nl (since the organisms had aad;lmn.\ted uito the bottom of the

jar, the ilq_qid was 'slwiy removed by innsrﬂng ‘the tip of the liphon_ no . - e

farther than was required to'_'keep it going and foliowins the shrinking column;
: R . .
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this lf‘ft the bottom relatively un&tstu:beﬂ). This remaining portion was
shaken so as to dislodge the settled material and poured into a vial. The
concentrate was then examined drop .'by drop -under a cqnlpnund -1crosca§é.
Quantitative net plankten samples were taken u?th a modified
'Schipdle::?atalas plankton .t:hp which had a ca'lpaci.r_y of §2.3 liters and wa'.s_

equipped with a filter cone and bucket drain ‘cowposled of no. 20 'nylon

bolting c]n‘l;}:‘_ Quantitative nannr_aplnnktm_l samples ws:f taken with a three
].i:.er Kemmerer m{\mr_au;c water nawp_ler._and preserved in the same manner
" a5 mentioned above. Qualitative samples were euﬂnedlprior r.o-quanl:lu:i.v-.e .
samples ‘1:1 or.der to determine which species ﬁ\ere present, Quantitative

analyses in the laboratory were carried out according to Davis (1972b).

Statistical Procedures

Statistical a.nalynu of water chemistry data was divided into two
parts. ' The Ifi.ra:: “part danit with surface aaq'.;lea ﬁd'im second part examined
the three l;Ep‘thB Sf station V. Thus surface samplza; at station V :f!'.gured
into both sets of data. Th_z degree of overlap of the two parts can be readily
seen by r'e.Eerr'i.ug to the déscription of the three unpl.i\ns phases in the
foregoin_g. - One-way analysis of va_ri:ance was pert:omed' on each l.tem_:md if
a significant F value was found,. the Newman-Keuls -nltlpl:a-onuplrilou test
was used to determine where the 'diffzrencza were. 1f, £o_r'i.ns\um:a, a )

station was found to be different from. the otherg with respect to a particular
p - A . .

parameter, the individual values for that station were plotted. As for those = :

stations showing nn-diff_cranne, the peans were plotted. In the event that a
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significant F value was not obtained, the mean wvalues of a.].J. s_utl.ons were
plotted.

) One-way analysils of varia_noe was plerfornd on plankton counts
from the three depths of station V. The multiple-comparison test used was
Duncan's new multiple range -u_ast.. The mean values of certain physic'oc.halic'al
'parme.ters,'tatal phybop}.apktnn- and total mplankt.on were subjected to  *
regression anaiyais. The physicochemicnl parameters. in question were thme .
of station V since planl:r_cn demrmjnal:i.ana were r_urr.ted out only for that

station. In all cases, counts were transformed to logarithms (Cassie 1961,

1971). i
nthos diversity l.n.dex values (d) were also subjected to one-way
analysis of variance and the multiple-comparison test used was Duncan's new

multiple range test.
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RESULTS .

_The Physical Environment
. i
Temperature
d Surface temperatures for s'tsr.!.om I'-il' are ahﬂvn tn Table 2.
'ﬂle highest telperatu:en recorded were 20, 5 Cat ntutiun Von Auiilalr 13,.

I??l and 2:’. kN C at station 11 on June 29, 1972. qulngm: tznpeu:m:es

{station 1) were appre:la‘bly less I'.'ham the rest of the pond d#ins 1cn.L o

free. periods umepl’. for April 1972 and October |:_|£ -b?th_ years when the e
revérse wis ébsem;’." On a .;eu occasions, influent temperatures and pond ) Y
teup‘er‘at\lms were vi:rtu.ally the same, Only minor fluctuations wet.elnnte:t'
‘between the other stations with no one station demonstrating a pt?sisunt .
trend. - a - . ’ _

Table 3 shows w;ttlcul tzmperatureé tak.e“ at 1 m intervals-at

station V. .During ice-luc perioda mplenly hom:‘neml conditions from

surface to botton (6 m) were observed on three occasions (May & Octahex .
16 and . mwzmber 13 uf 19?2). The rem: of the time saw dif[ermcea from

surface to bottom ranging from 0. !. to l 9% c \d.r.h values I.n tl\c h!.gi\er parl:
of the range being in:erspe;sed with I.hose in I’.he lower part as the seasons - : '
p"rogresséd. On June 1 and 15, 1972 the coldest water was not at the bo:l:ul

but intemzdlnte in the water 4olm On July 13 'and Mlg(gt i, .@12

sllgh:ly colder :e-pcraturea were recorded at :ha sgriace aM_a].so the J,-i nxk;

however, warmer water was encountered at 2 m and the usual cooling with

increased depth mumed from that point.



. L

py

- 20 -

Title 2. Surface tesperacures (°C) for stabdons 1=V

Station
Date
T n 1 ™ v
B ’ :
811 - y
Jme 9 7.0 - 106
July & 12.0 13.5°
July 22 - l4.5 15.5
heg. 13 19.0 0.0
Jdepe. 9 .0 1.5
tee. 7 10.6 86
Qet. 28 8.5 X1 . -
Nov. 18 5.0 5.0 ] 4.9 4.9
7 .
Jan. 18 0.0 0.0 0. 0.0
Feb. 26 0.0 0.0 0.0 0.0
et 15 0.1 0.8 0.5 0.3
Apr. 27 .00 - 24 2.8 a6
. Hiy & 2.5 (K] 4.7 4.8
Hay 11 0.8 10 4.4 40
ray 18" 9.5 9.9 10.0 10.0
Hay 25 5.0 1.5 7.4 7.6
Jme 1 4.2 15,0 14.8 144
June B 12.2 15,0 15, 15.6
Jume 15 13.6 15,0 15.5 14.4
lene 22 8.0 1.1 0.1 20.1
Jew 290 17.9 2.3 2.0 219
Cnly 6 14.7 214 n.7 21.2
Jely 13 cl8.2 198 19.5 19.1
July Fo 12.5 18.1 8.1 17.9
Jly 27 17.5 19.7 AT 19.8
g "3 1.9 178 7.3 17.3
hug. 10 12.0 10 15.5 15.5
hoge 31 15.9 18,3 19.2 18.9
- sepe. 18 12.8 15.1 15.1 15.3
e w2 16:1 15.6 1.2 14,9
B ter. 186 7.7 9.8 9.8 9.8
Ger. 30 9.1 7.8 7.7 7.5
Mov. 13 4.3 % 1.9 A
i
- ‘I-..
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Tible 3, Vertdical tesperatures (°C) for statisa V. . B,
" .‘. . o v i - -
X . - Bapth (-u"). S
Date — - — e
[} 1 H 3 4 s 1
- & .
wiz - : . . T
Febl 26 . 0.0 0.1 8.1 . 0.0 - ot
Hox. 1S C e 05 .05 0.5 <0
Apr. 37 6 . 32 37 2a LR R
© May & Y “t w8 48 140
w. Hay 11 40 wo . A 3.9 33
May 18 10.0° % 9.6 9.60 .98
) May: 25. 1.6 P R I N A T
» T o (dme 1 Tl U R T O L X IR T
June '8 15.6 ¥ 13.9 16
June™ 15 oo L 140 42 LA .
June 22 20.1 RUE 193 189 185 o
lune 29 2.9 205 2000 19.6  19.4 o
July & 21.8 C20 07 20.2 2040 ;
July 13 19 "19.6 19,6 19.5 19.5 N L
P July 20 1.3 17.8 17.9 ¢+ 1737 174
luly 27 1.8 1520 188 185 183
LR Jug. 3 173 1730 171 167 16k r
ug. 10 ‘218 20,0 2000 20.0 200 R o,
, g, 17 15.5 4 151 152 15.2 - 150 e
Jhug. 31 18,5, 15.0 B0 ‘lg.s °
sept. 18 15:3 15,3 152 151
Loet. 2 16,9 : [UTR R
ber. 16 ¢ 9 5.8 9.8 9.4
Get. 30 7.8 7.2 7.1
Hov. 13 41 T aa 4.1
bec. 18 . 0.0 . 0.4 0.4 0.4
1973 . - . . .
Jae & 0.0 a.0 0.1 a1 0.1 0.1 0.1
. Jan, 25 0.0 01 . ol 0.1 0.1 . 0.1 0.
Feb. 8 - 0.0 a.1 0.1 0.2 0.2 0.2 0.2
Co. ST met ’
M s ———0c .
. rar. 29 0.7 -+ 0. 1.0 L0 1.0 1.0 L.
Kr. 25 6.4 B.D 5.4 6 &4 4.1 3.5
Hy 10 8.4 8.4 8.2 8.1 7.6 - 7.6 6.7 -
. e . :
* fottom . 3 . = . ) . -




A pronounced thermal stratification was cbserved in the area of
the deepest part of the pond on July 31, 1973 (Fig. 5). Nearly uniform
temperatureg éxtended from the surface down to 6 m where a value of 20 ?°C

towas recorded. Fwn he‘re Qown to 10 m the temperature’ dropped to 10.0%

(themcl né), which " was alsn the tempersr.nre of the bottom at 10.6 m

f
{maximum depth was given in the foregoing as 10.9 m, however, this ngure
e B

< . was recorded under flooded conditions)., On August 18 considerable cooling

L * hwd aceurved throughout tfie water column acconpanied by a breakup of the

. _stratification as it p:wiuualy axis:f.d,_ leaving anly a remnant with no,

. definite denrcationx Mff;;enne from surface to bottom was 2.2°C. Water
I below 1%}1 was warmed from 10.0°C to 11.5%. . L

P '; In 1971_—]2 a-pzrha:\em Lce.' cover lastéd from mid-December until

-’ the ].ash week in April. Naxlmq thicknnss recorded at the. inlet was 25 cm
« - while near r.he outlel. l.he maz!.wum was 37 cm. Since there was less water

i ) . mve.uet\l. at the ot'her -lhree a:n;ons the mximum aburved for each was

47 cm. }n ‘1972~ 73..pe'n1anfant_ ice_forwed -!uri.r_u the second week in December

and lasted until \I‘_h.e third wkek in, -April._ Dl_ll‘y 'Bt: ti.o.n V was measlu_'ed and

majxl_m'u;l th'iclm-ase r.m::_urded was 3? c‘n.l--Tem;ein't.urea under the ice did not

3 ’ . '_ria_'e abon"-l .O?F‘. In.January and February of 19.?2\_surhce temperatures

N were 0°C at all stations (Table 2). oOn Harchlis.-.hguewi'.' slightly higher

T te-pl’.nllturea were ens:uuntered- with some evidence of pnzipheral warming
. " . - . "

i . B Y _t‘nat' water it'| contact with the icé at stftiuns I'I,‘III.and IV registered .-

. '0.5°C while station V registered 0.25°. T the same date, the bottom temper- )

ature at station V (Table 3) was o_.s“c and this reading extended up the water -



N * Fig. 5. Thermal stratifieati.on and
summer of 1973.

subsequent breakup during the
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column to the 1.a mark where it dropped to 0.25°F. Temperatures under )

the ice in March of 1973 were slightly warmer than in H.gif‘n of 1972.
Appendix 1{a-g) gives the daily maximum a;!d minimum l:e-'pal"a:um

from May to November, 1972. The difference between the monthly mean maximum

and-mean: minimum temperatures decreased from May on into the summer but

1|;creased again in the, fall. ’Read.inga for Hovember are doubtful: siuc; water

eutel"ed ‘the canister on a :Duplel of occasions and Obrll'terated some of the

markings on the chart.

Total Suspended Matter .

A significant F value (p<0.01) was obtained when total suspended
matter values (surface sanp:les) were subjected to one-way analysis of
variance, and the Newman-Keuls multiple-comparison test shewed that station I
was significantly different from the other four stations but the latter were
not different from each other (F=8.46; M5 Within=5.41, df=55; M5 Between=45.82,
df=4)., The .lmlivmual. values for station I are shown in Fig. 6 as well as
the means of the other four stations. Station I recorded the greatest amount
on every occasion with a maximum oi. 15.6 mg/l be:ins attained on July 13,
1972, '

There was no significant ﬂ‘lffetence between thg. three depths of

" station V (F=2.65; MS Hl.:'hin-.ﬁﬁ.ﬂﬂ, df=54; MS Bar_ueenilﬂa.f;ﬂ. df=2). Mean
values for the winter of 1973 (Fig. 6) rose .sp:bat.an:ially over any\ 'pmv;l.ouxl];
recorded for station V and on twe occasions surpassed the maximum for

- spation I (see above); the two occasions in question were. March 15 and 29

when mean concentrations were 20.4 ;md, 17.5mg/1 réspectively.




- -
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. Fig. 6. Total suspended macter for atuiwa 1=V (0 m) and three
depths of station V (0, 2.5 & 5.0 m). - B r
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! 'unsing-{rom 2.1-2.6 mg/l for the other stgtions and the three depths of -

. . - - L :
"station I received the greatest amounts with a mean concentration of 12.2 mg/l .

Except for a few instances, Secchi disc visibilicy (Fig. 7) rarely
got beyond 2 m at station I. In spring and early summe ) readings at

station V were less th.an those at station I. During r_h}s period, in addition

to suspended material entenins the pond by way of the inlet, planktén blooms

cuutribur_ed substantially to l.ight extinc‘:ioﬂ at star.i.nu \.r. while at staticm I~ -

.suamded material other than plankton was involved. ‘nnr.tns the rmtmlar
oi the-smer—, pené.trati.on at atal:i'c.l.n v wd..s seneraij.y greater than 2 m '
with a maximum of d 2m he!.ns :eached in July. '_ J ;

The qenneding results for total nuspemlad matter mito\:sd

events on a fortnightly basis. . Tables & nnd 5 giv_e the results of sampling

every twelve hours for five days at 7 am and 7 pm. The period August 21-25,
1972 (Table 4) was dry with little or no precipitation. The, results show . :_;
:hA:) at'station 1 there were increases in condentration during the day.with
overnight decreases. -This pattern was ‘not reflected at the other Q:atlons.

As was the case for "the fortnightly aan-plea, station I received the greatest

P . . .
amounts with a mean concentration of 8.0 mg/l as opposed to mean concentratidns

station V. The period September 25-29 (Talle 5) was characterized by vu'y
heavy rain which began on the 26th. and continued night and’ day until the
29th. Initial concentrations at all stations were less than those recorded

for August, but as time prog d trations i d and 11y

surpassed those of the first perded. The trend of 1nc_x"uu'dur_1ng éh&__d.a)r -

and decrease during the night at station I was much more evident. Again
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l‘abla\ 4. Concentration of total suspended matter (mg/l) at stations I-V for
August 21-25, 1972, o

0 - . .
o 22 . 23 <2 25
Station ' - - - X
’ 3 pm Jam - 7 pm 7 am 7 pm 7 ak 7 pm 7 am
- - sl 5.0 1.2 5.8 15.8° 6.4 7.8 7.2 8.0
n 1.2 2.0 4.2 2.0 2.4 2.4 2.4 3.6 2.5
1 1.8 - 2.2 2.6 . 2.0 2.4 2.0 46 L6 2.4
v 2.0 26 3.0 0 0.6 2.4 2.2 3.2 24, 2.3
v (0m 2.2 2.0 2.8 1.6 2.4 2.0 1.8 L2, 2.0
(2.5 m) 2.2 1.8 2.8 2.4 2.6 2.8 3.0 3.4 2.6
2.1

(s.0m) . 1.8 1.8 2.2 24 2.6 24 2.2 L6

-8z -




Table 5. Concentration of total suspended matter (mgfl.) at stations I -V !o:

Septenber 25-29, 1972, LT
: 25 26 7 .28 ‘29 '

N ~ - .
Station X

3 pm 7 am 7. pm 7 am 7 pm 7 am 7 pm 7 am
1 4.2 4.2 5.8 - fo.a  45.2 .6 22.6 2.6 12.2
11 L& 1.6 1.6 - 1.2 3.8 5.6 6.2 - 5.6 3.4
11 1.6 1.8 1.2 1.4 3.2 6.0 4.6 6.0 3.2
I_.'.” ' 1.8 1.4 1.6, 1.8 3.2 6.2 - 4.8 6.2 3.4
V(0 @) " 1.8 2.4 1.2 1.4 4.6 5.8 4.8 5.8 3.5
(2.5 m) 2.0 1.8 1.4 1.6 4.6 5.6 5.0 5.6 3.5
(5.0 w) 2.4 1.2 1.2 1.6 5.4 5.4. 5.0 5.4 3.5
\' -




while the other stations a;ul tlné three depths of station V received mean

values from 3.2-3.5 mg/l.

Sedimentation Rate

During the two periuds in uhich_ tor.nl pended matter was m ."_'

{ e L on a twelve hour basi.a, sedimntal:inn rate was also muured in the manner
A\ H previously degcrlbed. The results are given i.n Tab.'l_e_{:. For thé dry period,
L Augist 21-25; station. I received 2.0 mg/cm’/24 hr, vhich vas considerably ' -
. Sy x v
~

larger than amounts a;t't.li.ng -at the other four stations; .Etatioga IT, IV and

. V each recorded 0.2 ngfcnzfza‘a he while station II1 recorded 0.4 ms!cmz.fz-ﬁ. hr.
The amuat_settllns at station I during the wet period (September 25_-29) was
4.5 nsf:nzfzr% hr which was more than double the amount for the dry period.
-Statlc'ms 11 and V received an increase to 0.3 and 0.4 nsknzi’ﬂ hr
respectively; Bt-'.ltiﬂnr I1I showed a dem_-énse to 0.2 mgf_cmz."za‘. hr and station IV

remained the same.

Devices placed at station I and :_In‘.' deepest part of the peond in por

a peri..od of moderate rainfall (O:I_:uber 4-11, '1973) yielded values of 3.9

and 0.5 lslcmza’z-ﬁ hr respecgively. Vulatiltla material ;:unprla.gd 81.5% Of. the 4
* total amount for station I and 73.5% Ear'the 10.9 m mark. A repeat foil'

station I alope duri.n.g the period O:tnber- 25 - November 1, 19;1;' gave a value

of 2.0 us.fclziz«i hr with volatile material comprising 24:4% of the total.
r ) . .

‘Bottom Type compo_a,iéion
As can be seen in Table 7, sJ.lt Hu. the most ilhportanf inorganic
cnmpunent at.all stat,‘mns with station V exhibiting the szear,est pexca:ntase

For the other sbuti.ﬂlla there was .'I.es.s sile accor-mmiad by an iw:xeaae in*
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i Table 6. nau of sedimentatfon for nutinns IV, Exprewe‘i
.as ns!cll F!a hr.

1972

Station - . i .
Aug. 21-25 Sept. 25-29
3 .
1 2.0 - 4.5 )
11 0.2 . ' 0.3
111 . 0.4 : 0.2 . .
v ) : 0.2 e 0.2 S e
v’ 0. ’ 0.4 ' »
a .




| Detritus and Animal Tubes 7.9

Table 7. Bottos type compositien of fons I-V. Ex A
percent cosposition.. - A .
. Station
nntu.m_ Type * :
o T i 11 w’ v
rebh‘ie 3..]
ranule 1.9 . : .
Coarse Sand - ) L3
| Medium Sand X 14.9 ; 3.9
‘Fine Sand - " © 9.1 12.8 8.7 6.2
Very. Finé Sand . 9.8 9.4 5.4 5.9
i1 © 666 "i

-ZE =
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. B
larger particle sizes e.apecially at stations Il and III with the greatest

- range of sizes occuring at Ehe former. Stations "I and IV were wirtually
the same with per:enlages'. of silt 1n:em5di._ate 'b..twecn stnti;{ns I11 nni;'.l'.
For convenience sake detritus and anl.ln.u‘l :_ut{u.weu “Lumped
tu;ethellt. There was variation from station to station with the two taken
- together as .uell as variation in the re}.athe'u’wuﬂti_ of eacl! at a '
parti;:ular aluu:iun.- Taking the two tagethrar, station IT had the gre?t_eat
amount at }D.D:, station V the less at i.z’: a.nd. stations I; IIT and IV were
intermediate wl.!:h 7.9, 11.8 and 9.9% respectively. A.H stations I and V
. there were hardly any animal tubes with detritus making up iln_a bulk; at

\ stations 1II and IV there were nearly equal amount of each; at station II
- - . .

" only animal_ tubes “9!5. in_vcl.vud.

- ' Water Chemistry -
. ) o
‘ “

Surface Waters of Staélons'l-v

. Tnb‘].e“& summarizes 't.he :esulr:s of r;nzdwny an‘a].yal.,g of vartance
pecformed -on each parameter. A |ign£r!..cnnt F value (p 4.’0‘ 01) was oh tained
o:i].y in ‘the r;ase of‘biochemi.c'a;l. oxXygen Idena.nd (BOD), total 032 and free Cﬂe.
The Heu-:an-‘l(euls mul:ipla-coanplriqc;n :est-s‘nwcd that statfon I was
significantly different from the other four. stations on all three while the
latter were not different from each other. Individual values for station I -
with” raapeé': to the fl:ova' parameters and the means of stations shwinsl ne
difference on these and others are repre'sem:ed seasonally in Fig. 8.

Individual values for each station used in analysis of variance qre given

% in Appendix 2 (a-e).




Table 8. hnaiysis of variance summary table for chemical analyses of stations I-V (0 m).

. . . g M5 df -

TEST
‘ - (Between) (Within) (Between) ithin)

pH ' 0.26 . 0.12 4 125 2.17
Total Hardness as CaCO 14.28 24.41 " " 0.58
Ca " " 3.54 lo.01 " " 0.35
Mg " " 6.02 11.56 " " 0.52
Alkalinity " 10.65 16.39 " " 0.65
Total’ 002 " 67.32 é6.6ﬁ n " A.N:
Free CO'Z 25.93 2.55 B " 10.17
Dissclved 0, 0.64 5.12 o n 0.13

’ 0.0, 20,37 2.66 " 115 7,657
Nitrite Nitrogen 11 x 1077 14k 1070 " 125 o@
Ammonium " 0.01 0.04 " " 0
Nitrate it 0.09 0.17 " " 0.52
Orthophosphate 0.004 0:009 " " 0,44
Polyphosphate ) 0.002 0.05 " " 0.04
Total Dissolved Sailds - 1399.58 1430.13 " " 0.98 &

wk Significant pg0.01

wfanr

- =
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Blochenic! 1‘ Oxygen Demand (BOD). Highest BOD values were reached
at station I in the summer of 1972 ‘as opposed o :.he' fall in 1971 with che
(on_er-shwlng considerable increase over the lutter.. The high for the fall
of fs?l was reached in October (6.5 mg/l) while the 1972 summer high vas .

reached” in August (12.9 mg/l). During the warmer months when high BOD's

were experienced at station I, t'he'me_an 'a).u.ea of stations II-V were
l:onslderah.l.g' less. \fnlue; were lwest_i.n r.h_e spring -and ff].:l. and the
differences with the rest of the pond werz less.” Concentrations at station I
during the vinter _6{ 1972 in:r"enaed over those. of the fall of 1971 without

. corresponding low values in the rest of the pmld.- Thus BOD was not being

removed at station I to the same extent as in the Summer.

Total cnz-. Free mz.and Alkalinity. Total ()02 was calculated from

‘free (0, and alkalinity as CaCO, with the latter being present at all times

2 3
- ¥

in the form of bicarbonate (HCOS). During late spring, summer and early

fall, alkalinity Ha-.s the major component while in the late fall, winter and

early spring, free CO, p:edonlnal-:od. This pattern was foll d at all stacions.

2
For both station I and the rest of the’ pond; total 002 and alkalinity saxima
and ainima cor‘respandnd for m‘gt part to those described above for BOD. The
seasonal :r.zmi.s for ir'e: CDZ were slightly different in that they were ’
more erratic, but in the s:rlEt sense the sequence was adhered to at both

. station I and stations II-\";

Concentrations of total &2' flne 002 and alkalinity at station I
and the rest of the 'pond were 3rea-t.er in 1972 than in 1971, Total coz ;hluhs

—

. at station I fn 1971 and 1971 were 16.3 mg/l and 34.3 usfl respectively; =~

V4
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mean highs of stations II-V were 11.4 mg/l and 15.8 mgfl. Free co, highs
at station I in 1971 and 1972 were 9.7 mg/l and 10.6 mp/l respectively; mean
“highs of station I1-V were 5.5 mg/l and 5.7 mg/l. The mean high concent-

ratidh of HCD; in 1971 was 11.5 mg/l; in 1972 the high was 14.9 me,.fl

Dusolv:d ﬁz‘ Highest mean sur'fm_:i concentrations at’dié.s.olved
0, occurred under the ice in the winter of 1972 with a maximum of 13.0 mg/1. '
(90% saturation) being reached in ﬂrch. The - kowest co:.ncen:ra!:;on for 1971
occurred in September and this was 6.4 mg/l (70X saturation); for 1972 the
mean low wnls 6.1 q:sfl (58% saturation) recorded in August. On an individual
basis, lowest levels were encountered at station I at r.‘l.nea when BOD and
temperatures were relatively high. lowever, i._n conpari.ua*\y?th the rest of
the pond, the differences in coficentration were not that great (approximately
1-2 mgfl). Mo analyses were performed on water near the sedi.rn_ent-uater

interface at any station.

pH. For the greater part of the sampling period, mean pHl ranged
from 6.1-6.9. Exceptions to this cccurred in June of 1971 when a mean value
of 7.2 was cbserved and Nuvenb;r of 1971 and 1972 which recorded mean values

of 5.6 and 5.7 reapeutIVEh-

Hardn.us.a. 'M ‘total hardness is numerically greater than total
alkalinity, the amount which is equivalent-to total alkall.n!:ty is -ca,'l..led cari:n_mlt.si.j'
imlrduess and the remaining fuhmt is called noncarbonate hardness. _Gem_a:nliy :
spea'k.ins, noncarbonate In:dnesa was in, e’x.ceu.s of carbonate hardness. . T‘ha dominant
har'dness cat.tan was [:a mu;ept during :h: SumRer o!.' 1972 when Mg was at . )

tlwes equal to or greater than Ca. H.nrdneae followed basically the sme

A “. v R




seasonal blan as _CO2 and alkalinity except for the winter months when

alkalinity d d and hard i d. Greater mean concentrations

were noted in 1972 over 1971 with 2& 1 mg!l bc.tng observed I.n ‘August of :¥e

former year and 16.8 wgll in October of the 1at:e\'.
*

. Total Dissolved Solids (TDS). . On the whole, TS s‘-nw_ed_a drastic
increase in 1972 Qve.r 1971 in thal‘.‘hes.{.n_nin; _I.n' ﬂu&mbe;: of 19?1 =ean
c'nm:entrat.i.ons eliml;e.d sr;ea?rﬁly on :Lh'l:u_ the winter of 1972, dropped briefly
in May then clisbed to a maximum 4in August (154.7 sg/l).- The loégsty.mnn
values were ;ecorded_ in November of both years with 36.9 mg/l in -19.71 and

6.4 mg/l in 1972,

Hitregen. Ammonium-N and nitrate-¥ corresponded hat with P

to cyclic tendencies with the latter being more defimed, especially in the
spring, summer and fall of 1972. For nitrate-N, gna:e‘n.l: concentrations .
were accrued _::éround nidst:nmr and piwm:cr with decreases .1“ late. sp.ring-_
early sme: and late summer-early fall. The mean summer highs for 1971 and
1972 were 0.82 ng/1 and 0.74 mg/1 respec tivaly-. The mean high for the winter g
of 1972 was 1.03 mg/l, Excepf for peaks 1in the sumer months, the same
seasonal pat l:e:;n was not as Mui]‘.y,rocosni;aed with respect to ammonium-HN.
Hean couantratinn.a from the fall of 1971 through to the spring of 1972 vere
more or less constant at O. 50—0 70 .s.fl. The mean uunlma} his‘hs i'ieﬁ_ 1703
ng/l in 1971 and 1.21 mg/1 in 1972. ”

) Nitrite=N shwed no purticul&r seasonal tn'_ndu. hwever, mean
conceutratiphs from June of 1971 to March of 1972 were very much - ln excess -
of subsequent values, Mean values for the first period just doscribe_d nna_;_ed..

"
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from =9 ugf/l while those of the latter ranged from 1-5 ug/l.

?hnspl:lorus. Both ortho- and polyphesphate were present in much
higher quantities from June Z Movember of 1971 than any time subsequent.

During this period, orthophosphate showed a more or less steady rise and”

decline while polyphns.phute was erratic; mean- values for polyphosphate ranged. -

from 0,11-0.73 mg/l while arth'op‘quphate went steadily from 0.18 .\lg.fl in
* June to 0,42 mg/1 in August then declined steadily to 0.06 mg/l ih umemim_x.-
The range for orthophosphate f_nr thc rest of the sampling period was 0.04—
-'0.13-,ng£]‘. and -fur polyphesphate 0.01-0.18 ‘msf]. vith both showing some

“.evidence of spring and fall_decll.nu.

Three Depths of Statien V _(0, 2.5 and 5.0 m)

There was no significant difference between the three depths on
any pf :-he paramgters studied (Table 9). Seasonal mean values are given
in Fig. 9. Individual values for eac.'h dnptl_a used in analysis of variance

are’ shown in Appendix 2{e-g).

Biochemical Oxygen Demand (BOD), The l'nue;t mean values were
encountered during the summer of 1972 and the highest in the winters of 1972
o
and 1973, The maxisum mean BOD for the winter of 1972 was 3.4 mgfl; in the

winter of 1973 it increased to 5.1 mg/1.

Total mz. Free l:t:l2 and Alkalinity. #The same sequence already

described ulﬂ; respect to the components making up total 002 was exhibited

here also. A noteworthy feature was that total 002 in the winter of 1972-73

reached values mearly as high a’thos'e experienced in the summer of 1972,

' The components were different, however, as already seen, The mean winter

.




Table 9. Analysis of variance summary table for chemical analyses of .l:hree depths of -
station V (0, 2.5 & 5.0 m). .

. ) T

MS i df
TEST : _ _
(Between) (Within) (Berween) (Within)
pH B 0.02 9.12 75 0.17
Tp:a_l Hardnegs as C&CU3 55.14 51.60 " 1.07
Ca " " 15.16 - 14.65 uo " 03
Mg " o 31,89 34.08 L : " 0.94
- Alkalinity " 1.34 8.57 " oo 0.16
: Total €0, . . 4.99 8.23 - v 0.6l
‘ Free 002 /""‘\ 1.52 3.75 " " 0.41
) Dissolved O, 4.81 4.76 " i 1oL
o B.0.D. 0.65 1.56 " 72 0.42
. ) Nitrite Nitrogen . L3 %107 8.8 x 107 " 75 1.48
) Amsontum " ) 0.06 0.03 " . " 2.00
Wicrate = " 0.23 0.27 L " 0.85
Orthophosphate . 0.0002 .0.002 " L. © 0.10
. Polyphosphate 04001 0.003 o " 0.33
Total Dissolved Solids 8646.92 3916.04 " " 2.21
Chloride £635.79 2857.31 R " 2.32
Sulfate . 35,36 15.76 ". " 2.2

siliea . 0.06 0.07 . ® . 0.86

-0y -




Fi.g. 9. Water chemistry for three depths of station V (0, 2.5
& 5.0 m).
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high in 1972 was 8.7 mg/1 vhile in 1973 it increased to l4.5.mg/l. The
mean summer high in 1972 was 15.8 mg/1. X
N ° Free CO &hievnd values in the winter of 1973 that surpassed

’ .
‘even those me_rienud in the sumser of 1972 which were in turn nboul‘_ the

same u- those for the wiu!:a%‘_ .Of 1972. The winter values for alkalinity
remained noticably loﬁ\er than the summer -valum;;_how‘m-mr. ‘t:l_lﬁké was an )
increase in :hle winter of 173 ovir the vinter of 1972, The mmm;‘m:l
.r.oncentratiops u; free Cl'.'lz- in the u'].nt:ez_ and sunner of 1972 and the winter

of 1973 were 5.6 mg/l, 5.7 wg/1 and 11.3 mg/1 respectively. The maximum g
mean concentrations of HOD} for the same periods ue'.:. 1.0 mgfl, 13.0 sg/1

and 6.0 mg/l respectively: It is t.:}te\'esting to note that increased BOD
v_alules in the wi.m:er. of ;;9?1 ;wer the winter of 1972 met with a ‘similar

response on the part of free CO, and alkalinity. |

2

Dissolved .ﬂz' Again r_he'grea‘tls.: cnncennrat[;mn occurred under the -
ice in winter. The mean nm\c.cnttati-.ona for the winter and summer of 1972 .
"_ I and winter of 1973-were 121.6 ng.:f'.l (36% saturation), 6.0 !;‘J’l (66% saturation)
and 12.3 mg/l (B5% saturatien) respectively. There was no evidence.of

stagnation in the water_i. = above the bottom mud,

= pH. Lom:n: pH values were encountered in :hn winter of 1973 when -
the range was 5.6—6.3. The rest of the time (euzpt for Hovenher 13, 1972)

saw values within the range 6.2-6.8. The value for Novesber 13, 1972 was 5.8,

Y Hardness. Nqnédi'bmte' hardness was always greater u-m_ carbonate
hai.dness, ‘especially during tH® winter months. In the winter of 1973, Mg took '

_over from Ca as ‘the dnn!.nant\:' ss cgtion and total imrd.nnas concentrations




B and sumer of 1972 were 18.9 mg/l and 26.1 usg"l respec tively.

' apprmdmaud those desc:ibed for h “_ Méan' oncéntrations {n :ha .

‘and nitrate-¥ showed increase in the winter of 1973 over the winter of 1972,

,he:wea_n 0-6 )!.alfl‘ ) - . -

-8 . - . R ’

increased considerably over any pr\elvinusly recorded for any 'station

(maximm mean ign was 37.3 mg/l). The mean highs for'the winter

‘ Total Dinolvad Solids (108) . 'hw seasonal t:rlnda for TDS clmnly_

winter of 1973 Here also in excess of any przvioully recorded at any ntuion

(mean high was 228.3 lg,fl). 11|a mean: highs fot the uinter a‘d sumer of 1972

were 94. 0 mg/l and 145.8 mgfl reapeetivaly L

N.f.uoser-_l. The seaponal ﬂattzruslfgrnu\?a:e_u_m aveonium-1i
were mre or less the same as described fo_r_j:he mean values of the surface
samples. An exception occurred in _:.ﬁe case of nitrate-N in I?the fall -aj_:d,
vinter of 1972-73 in that the Il‘i.gl!le'ﬂ‘t wvalde vas reached in l'.nn: ﬂctoba:-

(1. 36 us.!‘l}‘ and this level was held nore or less until mid-Decenber, then a

gradual decrease occur':c’d .:hwu'sh winter tovards np.ring. Both assondum-

For nitrate-N, the mean winter highs for 1972 and 1973 were 0.78'ng/1 and

1.13 mg/l respectively, while the summer high in 1972 waa-l.ds wgfl. With

respect-m amsonium=-H, the mean winter !'li.ghn for 1972 and 1973 were 0.65 i,gil

and 0 8 mg/1 respectively; the méan h:l.gh for the sumer of 1972 was l 03 ngfl.

H’l:ri:e-l{ shoved no cyc].lc di des of any and" £ Luc ated N

Phosphorus. - Polyphosphate showed some evidence of sumeer and
winter increases alternating with spring and !nii degreases. Hil:l\. the

exception of March and April of 1972, similer tendencies were noted for
h . - . - N \-... " ‘
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or thophosphate thongh not messaniy in step with polnhosphnu. 'Moul high ~
1 values for urthophmphn:e 14 the vinter and & ummer of 1972 and, thu Summer
of 1973 were 0,11 ° nmfl. o. 10 -sf]. and 0, :I.i ﬂg{’. mpectlv!!.y. for WU‘*

phnsphate mean htg’hg wére 0. 18 ng/1, O 16 &fl and D.Ds mﬂ racpee:lvely.

Sﬁlfat& -and ‘gﬂioa. ﬂl&sd pnramtrlt‘s war! ul:ud-t&l

dlsaolﬂd snrd.du l"ﬂ.t‘p rnspect to’hiw and\?w val_ u; mean- hish cnnnentrltinn

a.

W
was ].18 7 mn.fl‘ Sul‘la’h rose £rom o mean value of 4.7 mg/l in the f‘all ta

a hlgh of 1& g mg/l u\ur.he u1.n|:er, from this. paim: onward a p.ln:uu of

8. 3-—10.0_ ng!l was ma:.nu!._n&h S.t]_.lca acc_unula:qd ofes the winter mntlu
and declined in the spring; the maxisum mean concentration was 0.89 mg/l. .
B Densn:-'Currnt . . ' . T - N .
- : ) It is gquite evident from ‘Inbla.lﬂ that a denaity current existed )
throughout: the :.reater part of t_'l:a. winter of '19?3. Total d.l.saelvnd uo.'l.!.dn, o S
toral suspemild ma tter tnd dnlarld: vere much more c.oncem.n:ed at thn 5.m
. mark. n@w at the o"t'her two depths.' Hi.l:h the exclusion of total” llﬂpemled

1 matter, & complete reversal occurted on March 1 in that the greater comcent—

ral::.{una were at the ulrrfhca With the advent of icé-free conditions in M)ril,
: .ooa morp un!.fom si:ua:lm exlned from surface to bottom. ’
oo ) . R
Benthop . - . . ]

- Tables .1.1-15 s:.\ra :Iue smmal d.l.u:\‘i.bu:inn of -crn*nya

fur 8 utlo’ns I-\I'
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Table 10. Evidence for a density current from data collected at three dept'l';n of

station V (0, 2.5 & 5.0 n)fduring the wintgr of 1973. ¥
. ‘ T05* (Mg/1) 5™ (ugr1) . Chloride (Mg/l)
DATE . .
il y 0. 2.5 5.0 0 2.5 .50 0 7.5 5.0,
< Jan.k T125.0 120.0  260.0 0.8 1.4 5.0 50.0  50.0 96.0
Jan.25 145.0 . 170.0% 370.0 1.4 2.2 10.0 54,0  75.0  250.0
Feb.8 120.0  125.0 . 350.0 1.8 2.8 14.8 37.0  40.0  182.0
Mar.d 145.0  120.0 60.0 2.4 - 8.4 13.4 42.0 26,0 19,0
Mar.15 : 155.0  199.0  288.0 6.8 #18.4 36.0 104 140.0  142.0
 Mar.29 145.0 199.0  265.0 1.2 15.4 . 36.0 78.0  98.0  122.0
Apr. 25 165.0 175.0  175.0 - - - 78.0  96.0 9.0
May 10 72.0 2.0 72.0 8.0 6.8 7.6 6.4 22,0 29.0
# Total Dissolved Solids ~ @ :

** Total Suspended {huer

-cy =



Table 11. di

|

for station 1. Expressed as nusber of orgmts-.fuz.

ORGANISM

IvI Tl

& VII 71

2 VI1 71

13 vi1z 71

§Ix 71

7271

28 x71

182171

1172

OLIGOCHAETA

Tubifex tubifex

HIRUDINEA
Helobdells scagnalis

Erpobdella punctata

DIFTERA

Tanypodinae
Pacctrotanypus sp.
Thienemannimyla gep-
Procladius sp.

Orthocladinas
Lricotopus sp.

Chironominae

Chironomus sp.

Glyptotendipes sp.

GASTROPODA

Amnicols ap.

PELECYPODA

Pisidium sp.

56,000

155,000

240

5,600

76,000

40

40

120

111,200

40

80

97,600

120

400

0

165,600

400

1,040

134,560 238,000




I ) = t = ) R S R = N
- - - - - - - - - -
I B R e e E R IR IR
= ] S - - 0 a - ~
- - -~ o
=]
238,000 172,800 672,000 324,000 151,200 480,000 96,000 720,000 96,000 120,000 218,000
40
360 840 640 360 680 80 160 1,360 280
80 40 40
A0 40 360 680 80 &0
40
40 40 s
40
120 320 120 1,320 1,30 720 1,800 1,640 2,000 1,060 240




Table 12. of

S

for station I1. Expressed as nusbor of orga

ORCGANISH

9 VI 1L

6 VIL 71
2 vir 7

1’y

9IXMN

TE7L

®mxXN

Wxmn

1IN

26 11 72

15 111 72

OLIGOCHAETA

Avclosoma quaternarios

Tubifex sp. 3,800
Lusbriculus variegatus 600
HIRUDIKEA
Glossiphonis complanata
Helobdella wiagnalis
Erpobdella punctata
AMPHIPODA
Hyalslls azteca
UYDRACARIHA
Limnesis sp.
Hygrobates wp.
Unionicola sp.
Piona sp.
EPHEMEROPTERA
Cassnis wp.
ODOKATA
Leucorrhinia sp.
Ischnura sp.
TRICHOFTERA
Ochrotrichia sp.
Oecetis wp.
Phryganas wp.
DIFTERA
Tanypodinae
Ablabowsyia sp.
Frocladiue sp. 80
Orthocladinae ke
Feectrocladiue sp. 2ad, 40
Chironominae
Chiropcsus wp.
Giypeotendipes sp.
Dicrotendipes sp.
Paratanycarsus ep.
Chironoaldas (pupas)
GASTROPODA
Amnicola sp. 320
PELECYPODA

Pleidium sp. 5,600

160 360

640 4,960

40

2,720

40

40

&0

1,280 1,800

g

Aa0

120

40
A0

s &

4,920

110

1,560




T

43

1174 01

IIA LT

1Ia €T

1A 6T

A ST

L}

L0

AY

m s

2,400

40

520

120

560

120 160

40

40

2,240

680

g8

40

1,240

40

5,080

40

40

8OO

120

440

40

40

720

1,080 1,560

120

5,780

220 3,

6,560 200 440 1.120

5,680

1,560
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our 1.

for starion I11.

Table 13. 1 d1

Expressed as number of orw'l-:‘l:.

ORGANISM

svL 7l

6 VII 71

2vir
gIX7l

13 Vi 71

TXx7N

/XN

18X

8172

26 11 72

OLIGOCHAETA
Asolosoma quaternarium

Tubifex sp.

Lusbriculus variegatus
HIRUDINEA

Clossiphonia complanata 40

Helobdella stagnalis 80

Erpobdella

ctata

Ablabessylia sp.

10,000

10,200
600

Procladius sp. 260 280

Orthocladinae
Cricotopus sp.
Peectrocladiue sp. lst.
Pasctrocladiue ep. 2nd.
Hetarotrissocladius sp.
thiroposinac
Chironomus sp.
Glyptotendipes ap.
Dicrotendipes sp.
Chironomidae (pupae)
Ceratopoginidas
Probezzia opaca
GASTROTODA

Asndcols sp. 360

FELECYPODA
Pisidius sp.

1,360 120

1,380

5,600 6,720

2,000

920 1,480

sz B

40 280

40 40

3,480 920

&0

80

40

&

3,960

&0

&
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&0

40

180 azo 40

3,760

2,920

40

40

40

40

240

120

40

280

BO

40

480

240

40

240

40

480 520

240

240

120

40

E

&0

2,440 1,080

40

120

40

40

180

&40

40

40

440

520 2,320

1,480

760

2,800

920

640
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Table 14, Seasonal di

of macroi

for station IV. Expressed as mumber of umni.-s.l’u:

ORGANISH

avL 7l

6 VII 71

22 viI 71

13 vIIL 71

91X 71

7271

87

18 x1 71

18172

26 11 72

OLIGOCHAETA
Tubifex sp.
Lumbriculus variegatus
HIRUDINEA
Gloasiphonia complanata
Helobdella stagnalis
Erpobdella punctata
AMPHIPODA

Hyalella azteca

HYDRACARINA
Hygrobates sp.
Acercus sp.

Eioas sp.

ODONATA
Trapezostigms sp.
Ischnura sp.

DIFTERA

Tanypodinae
Ablabesmyis sp.
Thienemanniesyla sp.
Frocladius sp.

Orthocladinae
Cricotopus sp.
Psectrocladius sp. lst.

Chironcainae
Chironomus sp.
Glyprotendipes sp.
Dicrotendipes sp.
Faratanytarsus sp.

Chironomidae (pupae)

Ceratopogonidae
Probezzia opaca

GASTROPODA
Amnicola sp.

PELECYPODA

Pisidium sp.

760

1,440

120

40
&0

240

40

400

8,280

3,480

2,080

2,560

1,480

160

1,320

360

40

3z

120

620

40

10,360

4,080
280

360

7,800

40

7,000

120

40

40

4,360

2,800

A0

&0

1,520

3,960
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2,520 360 800 1,880 40 320 2,520 360 1,000
880 560 360 1,120 120 200 240 B0 400 240
&0 40 40
80 80 80 120
40 BO
&0
40
40
&40
200 80 320 320 40
&0
40 280 1,160 1,480 1,120 1,400 960 800 60O
160 80 40 80 40
1,520 160 80 80 2,080 5,760 160
0 520 80
4“0
50 40
40 40 160 240 80 e AD
3,960 8,680 6,240 2,520 2,240 1,080 20,440 3,360 14,400 5,400
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Table 15. Seasonal distribution of macroinvertebrates for station V. Expressed as number of ﬂ‘umfl2

ORGANISH

SVvI 71

6 VIL 71
22 VII 71
13 vIII 71
9 IX 71
TX1

28 X 71
18 X1 71
18172

OLIGOCHAETA

Tubifex sp. 9,600 2,240 8,000 12,120 38,400 118,400 55,000 38,400 23,920

HIRUDINEA

Helobdella stagnalis

AHPHIFODA

Hyalella azteca 40

HYDRACARTHA

Flona sp. &0

DIPTERA
Tanypodinae
Psectrotanypus sp. 40
Thienesannimyia grp.
Frocladius ap. 2,120 240 320 120 80 120 360 280 480
Chironominae

Chironomus sp. 40 40

GASTROPODA

Amnicola sp. 40

PELECYPODA

Pisidium sp. 9,160 1.280 3,040 640 200 560 7,440 4,320




J.lIlp‘-z.

18172
4V 72
18V 72
1vL 72
15 vI 72
29 VI 72
13 VII 72
27 VI1I 72

26 11 72
15 111 72
10 VIII 72

23,920 88,000 35,200 81,600 2,400 67,200 91,200 26,400 88,800 57,600 33,000

80
40
480 520 240 760 920 760 1,160 640 &40 640 BOD
40 40 200 0 40
320 40

4,320 10,000 8,240 8O0 10,440 480 14,280 7,640 10,480 5,120 11,080
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encountéred in minimal ‘numbers on one occasion each.
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Statign I

Tubifex tubifex was the predominant form at statlon I throughout
the sampling period. Numbers tended to increase as time progressed with
672,000 and ?20,000}::2 in the winter and summer of 1972 rnspkctivlal.y being
the I'_\'ighelt re:arded ' =

The Clllmmaae were represented mlnly by members of the subfanily

Tanypodinae, The. most i-pnrtnnl: was Psutrotan[g sp. follaued by Proclld.iua_

sp. The suhfmlﬂ'ly [:l:tranonLnae was represented in minlml numbers en a few -

" occasions by l:himnonus sp. and Glm:otendteea sp.

Pisidium sp. was present on every occasion and like Tubifex tubifex
tmdéd to increase as the sampling p\q.'ri.ud progressed, A maximum of 2,|::I01;|,|fn2

was reached in July of 1972.

Helobdella st gnalis, Erpobdella punctata and Amnicola sp. were
E.o 4 stagr 1Y ol unc al Ep. ware

Stations II, III and 1V
The Oligochaetes .um;e represented at these ssations by an Enident-
K N )
ifted species of Tubifex and Lumbriculus variegatus, Iwuever, «compared with

station L Lﬁey were present in greatly reduced numbers. Aeolosomd guaternarium -

ugde one appearance on di!farent occasions at atatiuns LI and III in May of

1972, i

L Leeches showed a-n increase in abundance over station I and were
r

pruent fo.‘ a gaod part’ of the sampling period. The species preseﬂt vere.

Glossiphonia ﬂelamta, Helobdella Btgxnnli ﬁfi Erpobdella punctata which

were common to all thrae statians- Helobdella stagua]‘.-ll predominated at’

'y
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stations II and IV but at station III shared abundance with Erpobdella -
punctata. Glossiphonia complanata was second in importance at stations
11 and 1V,

Hyalella azteca was present on a few occasions at all three

statlons. Although’™ it was most frequent at station III, the 3vur.es!: number .
re::urded on any one ttl’.p was 1, ZﬁU.ﬁn in !Ey nf 19}'2 at sl:al:}gn 1. . -
Bydracar!.na made apuradll: appearunces at all t't:Se snuum and

nl.unys 1\:\ m:l.ninal numbers. on a cou‘prle of -

optera were

nmnaioﬂs at station Il' (Cae: niis " Bp.) m aleo at station 111 (Blaatuma ap. ).

Odonata were al_so nlega:ed— ‘to only _a _!eu appurances: Ischnu\-a sp. ocecurred -
at all three wh}ule Leu'col.'rhinla sp. and Trapezostigma sp. were exclusive to '
stations II and IV respectively. Trichoptera were present only at station II
and the most important representative was Oecetls sp. which reached its .

_ maximum concentration fn May of 1972 (630!11!25. Ochrotrichia sp. and Phryganea

sp. Ware ered on.one i each.

- Except for station II, members of l:Ile suhfnii.y C‘hotononi.me

exceeded the Tanypodinae in terms of abund but not freg ¥ Hi:hin

the Tanypodinae at statian 11_.-!?téc1adlua 5. was the most frequent and
ex:ep’( on one occasion, the most abundant. On this one occasion (May 1972) :
a ccnlidera‘ble increase was noted dn the nusbers of Ablabesmyia sp. (5,080!\13). -

Of the Chirenominae, Chironomus &P, was _the ;nnt 1mpo:u'mt followed by

Glyptotendipes spt, Dicrotendipes sp. and Paratanytarsus sp. in that ordér.

The subfamily Orthocladinaé was represented on .unle occasion by Pesectrocladius =

sp. At stations III and IV, as already mentioned, the _rhiromilnu were the

.




. at 'sl:nr_iqns 11T and IV, but in very low numbers.

i to a-much’ 1esser extent by Ablabesmyia sp.
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nore.lwportant. and of these Chironomus sp. reached the greatest numbers
. i 2 -
(2.400{1112 in the summer of 1972 at station III and 7,800/m in the fall of
. e

1971 at station IV). Glyptotendipes sp. was relatively important at station

111, but not so at station IV. Dicrotendipes sp. was present sporadically -

at both stations and Para:anxnaréus gp. made one appearance at station IV.

Prnclad}.ui 8p. was the most frequent and abundant of the T.an:l'?od:lm. followed

l‘mbeuia opaca (Cezntopimdae) uu ed on'a few oc 1on:

Amnicola sp. appeared_at all three stations on practically evar_v..r

s'a'inpllns trip and achieved the greatest numbers at station II (1.560:‘11:2 in

May of 1972) follmd by statlms II1 and IV with 1, 360!» (June 1971) and . &

400/m” (July 1971) reepnc:ively. o ) ' _'. ‘

_to the major groups, bui: on an individual. species level there were some

Pisldtum 8p. was present op every cccasion and achieved graaéést.

Aumbers at station IV .(30,440/m> in June 1972) followed by stations II and

111 with ?,120.{!“2 {June 1972) and 6,]’20.!’\!2 (June 1971) respectively.

Station V ]

Conditions at station V appreached those of station I with respect .

di{[ereﬁ:ei: An unidentified species of Tubifex was preaen: which at times

hed levels comp le to those for Tubffex tubifex at station I. Thi.a
B I

. pecies tended to increabe with I‘_imu a].su (mnximlm encountered was 118, &Dofn

in October 1971),

The Tanypodinae were the most important representatives of the
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Chironomidae here also, but as opposed tg station I, Procladius sp. was the .

. A
mogt abundant and frequent with Psectrotanypus sp. shewlng up on one
i . . .
occasion only. The Chironominae were rsprz;ented by Chironomus sp. and a5
showed hardly any improvement over statfon I. ) ""-" :

.'lust as for station T, next to the speclies of Tubifex present,
Pisidium sp. was the most 1mparunt organism. It Ireached a high a! . )
14,280/m° ih June of 1972 and during the remainder of t.‘n; period achieved
nu-he{s comparable to stations II, III and IV )-rhlcl-l were in I:um-nuually
Elighu’ than station 1. .
Sporadic‘gppearances of lpw magnitude uére made !_sy Itelubd.elh
stagnalis, Hyalella azteca, Piona sp. and Amnicola sp.
- Diversity Index (d) . #

o Di\;etalty Index (d) values UEEE-_I:WputEd lrom the seasonai data
displayed llla'l'ables 11-15. These computations are-given in Fig. 10. A
‘slgnincan: F value (p<0.005) was o‘l;:ained when :hese. values were subjected
‘te one-way analysis uf. variange and the New Dllmcan"s multiple range test .
showed that stations 11 and IV were similar but were diﬁe_ren': from the other ~
‘stations uh!ch.m;re in turn different f;ra- each other (F-SS.‘ZZE HS Bet;ueen- .

11,08, df=4; MS uu'hm-o.zo af-so)'.' : ‘ ] . N
' N Bivers uywas lwest at stations I and V which recorded values .
.l:angi.ng from 0.01- O 3CI (x-Q 08} and 0.04-1.83 ()(-D B4 respectlvely‘ \falue_a
.at stations II, I1L and IV ranged fros 0.27-2.45 (K=1.68), 0.60-2.48 (¥=1.93)
and 1.37-2.43 (¥=1.50) respen:tvelir. Generally speakl.:;s. station III dllp’layed )

- N .

'
the higheat values.
| :




- Flg. 10. *Seasonal distribution of diversity index {d) wvalues For
stations I-V,
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s o.E these forms and in xddll:‘ion Dmtom spp. and. sE_z ra &p. uhi:h ﬂ!u easd.ly-

" the means of Ehe three .depths.

Flankton

Phy toplankton 5 N
. The results of cne-way -analynj.s ‘of varianca (Table 16) Ish;iued _r.Mt
"with the exception of Oscillatoria spp. amd Chlal!dununns spp. t here was no
significant difference in numbers of t’ﬁa more !.nportant p\-rya-p!.ankters
‘between the three dept!\s of station \;l" {0, 2.5 andl 5 ".)' The: new Dum:all s

multiple rangh -test showed these two to be more cénr.ent_mted at the 5 m

depth. MNumbers of organisms represented in the following presentation are

Gyan'o'phyca.- nlue—greens w'e're repusented almost solely by .

; Oscillatoria spp. (Fig. 11) and vere. genual!.y present in lew numbers.

Greatest grw:h mu:red between Hay and Hovesber of 1972 uu,h a maximum--
of 1,200 ceils!l_!.ur_ being reached in November. Chroococcus sp. and

Rhabdoderma sp. occurred in minimal numbers on a few occasions.

Chrysophyta. .Hexl: to the phytoflagellates (see belm.r.}, the slingl-a
most !.u?ortani group of phytoplankters vas the diatoms. Mﬁny D.f the Laxa_‘
present werg found in both nannoplankton and net planklhm sanples. ¢ §;.m‘.a
the size of these .u-:rganis-s m\;at ha_\‘g'c ailnw.cd the 'mjori:y 'an ca:a’p‘e through
:he.nesheu of the p?ankto'n ner_.l these found in :he. nannnp].anktnn H:er"l :.ak'an

as rzpresentagive Under, :cndi:lma o{ counting 1.|: was vlr:ually 1mposs!.hle.

i 1] dlfl’enntlally break “down all forms w xpecies. or even guus in mest

:’maun:rs, thus for wnvenlence sake, 1mliar.inct forms were !.umped together

umiar the :ur_egorr pnnnnfen . Fig. 12 gi\ma the seasonal dzs:rﬂm:ioﬂ




- Table ls _Analysis of variance Susmsagy table for the nore lwpvrnnl. p]\ytupmttw .
! m“s-nimi at three d-ythc of stacion V (0, 2.5 & 5.0 =). ;}\\

A ) ¥ aF )
ORGANISY, I ¥
. - TBotueen] Fiching TBetween)  (Within)
N L . A
L cvasorTa N .
’ oscillatoria spp. . 5.16 1.40 .2 - 51 3.69
chRYSOPWYTA ‘
Tabellaria fenescrata w.22 . 0.59 n 48
= 0.35 121 " 51
RS 5.19 . 11 0. k&
Frapilaria spp. . 0.83 . DeBS - 27 1.09
Synedra spp- 2.57 - BBL L 9 0.29
) Other pennates 5.10 5.85 Ta, » 0.76
N ™ " Swvnura sp. * 1.11 7.33 Lo , 0.15
CHLOROPHYTA
~ | Dlothrix spp. s 0.20 0.65 " 30 - 0.3
o . ,  Hougeotia sop. ; 0.07 0.83 " 0 .08
Spicegyra spp. 0.39 1.06 " 36 0.37
. PHYTOFLAGELLATES
i B fch':w:doaeau spP. - 21.25 5.54 " ] 85"
BRI L © Irachelomonas spp. 11.37 6.21 " a2 1.83
Cryptomonas spp. To4.97 © . 60" " 30 0.78
- Other flagellates 371 247 " 63 1.50
. * Significdncr p<0.05

-5
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recognized in all sapples. Unidentified pennates reached maximum numbers
in June (820,000 cells/liter) and October (709,000 cells/liter) of 1972,

Numbers were depressed in midsummer and during the winter months. Peaks

for Diatoma spp. were reached in early June and 1l ﬁnslls.t (806,000 and

1,027,000 cells/liter respectively). They were absent ﬁ!am the plankton

in mid and from December until the fermination of sampling. SEedra.
ap.. was present between May and July ar.le.wi.t:h a maximum of 5?5,000_;:2115.(-
liter being reached in late June. Other distinct .forms uh‘ich appeared in
the nannoplankton on cccasion were (‘.zclouli;a sp., Meridién circulare and
Iln‘mutia spp. .

The most important of forms exclusive to the net plankton uen.
Tabellarid fenestrata, Tabellaria Iloc-cnl'osa and .Pragilarin spp. (Fig. 13).
Of these, Tabellaria flm:su.losa achieved. the highest numbers (7,900 -:e\lllf

Zabellaria
liter in June of 1971) while the other two were pmso@nt 1h mlnimdll'?uintlties.

All three were absent from the plankton in midsummer and midwinter.

Surirella elegans made an oécnsional appearance but always in very low nun‘neru.

Other Ch.;'ysuphyts The most important of Ehese was Synura sp<
(Fig. 14) which was also present 1:r‘bol:h the nannuplan'kton and n‘el: plnnki:on.
Again nannoplankton counts were takgn as. mpresentkt.:lve On a. feu occasiong
this utganl.su achieved dominant s:a:us. Haximum n(nnben were raa:hcd in .:I'm:l.;lI ’
of p.m (616,000, cells/liter) and March of 1973 (i, 023 000 cellsiliur). 7

Blnu'brg sertularia was, present bri’.efly in the susmer of 1972 and also the .

winter of 1973, ‘The maximim munber reached was 17,500 cells/liter in June




Fig. 13. Seasonal distribution of Tabellaria flncculuu, Tabellaria
. fenestrata and Fragilaria spp.
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‘pf'l:9‘._‘2]‘ Dinobryon divérg ons_and.'nlliohgun bavaricum made one app_can;ﬁ.nco
each in, very low numbers. '

ki Ghlql:uphyta -Forms prescnt in Lhe nnnnuplankton on Yaritd

occasions Were ﬁnliisf:rodesnus falcdtus, Sch

1a 8P,y Tetraedray_ regnlare n .

and.scp'nqciuumun dimorphus. | Of these S'chraeder_sn qp., Semadesmus dimorphus

. and 'I.'Etl'lledrd;l regulare achleved sub-dominant é:ntus in August of 1972

(134,500 cj:l]sfiit_ef), October of 1972 (141,800' ca}.‘la!litzr_) and;I-auuaq
of 1973 (17,700 cells/liter) ¢ i_apa:uvéiy (Table 17). )
\ Fllnn;entons green a(;ne were present in the net |;lankton throughout
a go;-.-'d part of ‘the invj!sl:igatiﬂn (Fig.. 15'} Colle¢tively spéaklns, Breatest '

amounts occured fmm April - Ausuut 19?2 with leaa!r accumulnti.una in

No\rember ui shat aamc year and npri.‘l and May of. l.§".l'3 = None were -present d.uri.ng .

_ﬁenmla!y. February “and most of March of 1973., Hougeob!.a Spp. rea:hed the -

greatest numbers- (9?0 gells/liter in June of 1972) Euwacd by girogxra PP
and I.ll.athrtx spp. uith 630 cells!liter (June 1972) and 530 cellsfllter
(November 19?2)lres_pe|:t_i_vely. Flla-zn:onn desntdn.(ﬂgalntheta sp. ond’
Desmidium sp.) w.-r'e. epcduntered from.time to time ‘in low nusbers.

T et s

Other gre: lgae pmaent in l:he net planktcm were (..onlm per_cora.la,

'Pandaz(na morum, E'I:aemcxs:!’.s schmederi., Pediastrun botyan anum, and the
deuMds Closteriw Spp., Staucastrum sp. and Hl.crasui:l.a‘s sp. ~ Sphaerocystis )

n:‘hraederi was the -ost inpurtant of these and was present in July and August

of I@?Z\ ru:h.lng a naxim of 3,000 :ells{lt:er in .Iuly. Specina of --'!iu

Closterium were present on tniéarly every occasion but in wry 1au nmberu

. P‘Ilytofhgcllatiw. These forms were. counted solely in :ha na_mm- -
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plankton and the same problems with respect to i.den'_:ifi-catio'n aa; describ.g'd
.fur the diawu‘m existed he re also. U:Ildl‘.'n:iflt.'.d forms were ].umpc;d .
l.:oge:her undér "other flaé,ell.a.t.es‘ and as su:h dominar_cd l:he plly:oplank:on
for the greater part uf the Ermpling pl:l:iud d\ll‘.hough some ofr these Eorms
my "have been szlagellates. the grea: mjority wer:ascertained to be '
pllyhoflagellatea The more distinct foms present _uarg _Chlnmxd nas spp-_.
rachelmnag spp. and Crgn omonas spp R . . (\
. " The seasonal dlstrlhutinn of phytoflusellates is giyen 1u Fig. 16.
."Ol:her Elaggllatea" achleved lts n;qxi-um An eprly June af 14!(3 047,000 -ar

'ec.'l.ls.fl er); a lesser pulse @wrred in late.August (1,935,000 cellsflil:er) -
£ " : .

and this \evel was appr ted through pte it to edrly October. Lowest

_nu-w'bn_:r; h;v.-re d in midsum and midvinfer. In ui.d—mrv.h.nulibl_:ru' .
begdn to anr'éase. and a plateau fanging from ?lé.ﬂdﬂ-éls.ﬂﬁo_éél_lafliter
was mlu.talned until tlie -end ;:lf the {nvestisat_l(.:n.. I(:rgemmas_ SpP- w-are

- pre‘ﬁent in the spring and sumner .nn_!.y. A maximum of 815,000 cellsf‘l‘i..ter -.

- occurred in late Au',gust of 19‘-'2 Trachelomonas Qp -'. were presem: during all

SeaAsons and :he maximum numbr.-r ‘attained was 212 000 cells/liter in late nugus:

of 19?2. Chlamgdomonas spp. r.lcr:urred during the suemer and £all of 1972 and
=~

on one Dceasinn in the uinl:zl' of 1973; the peak was reached in early Auguat

\ .

(??9 000 cells!liter) .

Szaannal Diar_:ihu:‘ign of nmfmmt and 5uh-Dnminant. P‘nytoplankters.
TM.s is shawn in Table l.?;. A ldeally, determinattons 6f dnmi.nan::a aml sub=
dominance should be baq‘cd oh biomass data. Since most of the important

phytuplsnkteré were also nonnoplankters, some degree of uni_fomi,tir existed _.



"Se;lsonnl distribution of.
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Table 17.

-Unidentified phytofd
* Unidentified Phytoflagelldtes

 Unidentified phytofla _l'p'u'écs- §

- i - ]
Long Pond v '
ComE " DoMImANCE < - C0 L ¢ SUB-DOMINANCE
1572 : - . . . i : N
Apr. 27 ﬁnldcntlilu’d phytoflagellates .. §
Hay 11 utuldon:mad pennates . . .. Cyclotells sp.
Hay 25 u‘nldenrlﬂed pnrtoﬂﬂgelln:es P llnld.cntlf!.ed pennn:u
June B

lrslidwtit']l:d phy(ofusllln:u - untdmtiﬂmi ponmr.u
. Diatema sp.. .
l.inlrlen:lﬂed phy:oflﬂ;!lluken . . Unld.enuf(ed pennates
. uni.dentl.ﬂ.‘d ph,mnmnam
g chla-ydu-nnn SPPe
S:hn_mdcrm 8. . N

Lamydomonas spp.
Unidentified’ phyi.oﬂnsulhtes | Cryptomonas. spp.
!inide-ntliled my:u!lngenuen'- S C
‘Untdentified phytoflajellates -

Syncdra sp. -
. : Chlamydomonds spp.-
ytoflagsllates " Diatoaa pp.

Unfdent{fled,

Untdengilicd phytoflagellates

lmldumi[l.ud p:i\l\at!s -
g Uiluug nas $pp. v
Tetracdron regpulare:

Trachelomonas app.

Unfdentified phytoflagellaces -

.f:b". [ Untdentified ph’ml]ngellates
Mar: 1. © Unidentified il oilngclhmn_'
Mar, 15 -Synura sp. 1Y Unmn:mua phnunmun:os
* Mar. 29 UnideAtified ;il‘\)ﬁ.ﬂll‘lgé].lnmr ) Trachelomonas app. ’
hpr. 25 l.lntd:nu.f_tvlﬂ ylwtollnsanut . * . Unldeatified pernates
CMay 1l Unidentified pnymf,lagelh:es .- Synura op. . ’
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juith resards to a!’.ze. e o ) . oY :_ S
As._can lm rnadily uezn, tlve wosr_ .1.mportanr_ orsxni.slma in:ra .

_phy:oungella:es Taken tagc:her, Lhey werc daminanr_ on every nccasi.nn

"(.thaL 1s if m gp. . 1is also 1nc1uded) save. one [Hay 11, 1972) uhen _'

Lt pennate diatoms, dminnted » Also in this u:on:ext, t'hs main auh dnninnnts

‘were pzr.mam di.atmns and of :hzsa Dlamm

p wern thu mOBE 1mpor:ant,

next. in li.ne vere :!\e green algae. S LN ,

Zooplankton o

One-uay‘ analyais of vatiam: ! Imued no niqnlficant diffarance ln

-'nmbers a{ the nw:e .I.mport.mt :ooplankters beween I.l:e Lluree dgp:hs of 7

Tabi'e 18) Humbara of cr;anisms represellted in the fnliuwing

n nra the mans oi’ Lhe tllrv:!e depth!- o

. . = S

) 'Pratozua. Ex:ept for the poasi'blis occurence of moflngella:an in
-"_th& nnnnoplanklms mntloncd above, the only other protozoans encountered "

“were cl.l.lntes which were ex:luslve to the net plankton. Fot_ q:onveniem:e )

sak.e, 311 forms uere lumped together 'aml are given seasonally in Flg. 17

Thn two mnjor peaks in June and Octnher of 1972 were due s].nout an:iral.y to -

Voﬂ.l.cell:l spp. (330,000 and 102, 0001’- reepacuvnly). \rerticolla- ‘BPe and | .

. E.g!.sr.gli.s Sp. Were present in lau nunbers in- nidsuumer, both being epixﬂlc

on E}mia catawba and Epischura nordenskioldi. A minor pulse sas obge\'\mi

e ooin Hurc.h of 1973 ahd was due enti:elly to a paramecium-like ciliate.

Rotifera. : Hotifers were" neve_l:': i:feéent in any great numbers. As a
F AR . group, the most abundant were members of the Ofder Bdellnidéa - benau.se I:hzae-

forms contract upon addi.ti.nn oi ptesemtxve, ponitlue 1deut1f1cat!.on under *
'I/‘



At three dapr.lls of sra\‘.ilm v (0,.2. 5 & 5. 0 n)«

".r'hhl.c-' 18, ml.ysia oi vananct snmary :abl- far tbu more inportant. znuplankr.o nrsanisns

-

us

Wl e (Between) . (WLth 5.-}5_ . (Between)  (Withiny -
. — . ..
. .‘a : " '
o0.20 - 2.87 L2 63 0,07
~0.87- 172 S56 st
L4t - L.89 30 0.74
CLo03 0.7 - 2 0.64
ann!.na co:_e's 1,58 . .3.58 - " 21 0.44
coPEropA” 1 - ° o =
- Epischur mrdenak{oldi 0.06.. ° - 0.19 L .30 . 0.32
. e - . L
' Diapt.oww ‘ministus. 0 0.53 - -1.00 e W .30 0.53.
0.95, o186 . v 51 0.51
) L 4 e
s B
.t . g

n BES
-
©
LI




) _e‘Lsmai‘ﬂhnmuon { iliates, The more importamt -~ . = .
forms représented in each peak are dil:usw the text.. = _ .
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bdellodds " and Trichotria sp. La given in Fig. 18' the: fonm:r pqoked in June

o

. cnm:l:l.t'lulls cf tmm:i.ng vas vm:y difficult and unreli.ahle.- tllns I‘.'he)f Hzte

l.umpgd tngechu under "bdenolds“. ?rm looklng at qunl.ltat_l.ve .l.ivs ssmples,.

Iinl:arin sp. appeared Lo be pledominant Ior m: part, Ni'xt in impnrtencé

in numbers and Erequeney wasg. Rrichotria sp. ‘!'he seawnal di‘strﬂﬁuun of AL

b

of 1972 (16, 700/n> ) as did-the latter (6 ZDOJ’w 1e
'

Table 19 is a list ni rotifers uhich occurred throushout the
snmpli.n,g pal‘iod in m:lnilnl nunbel‘s. ) L ' ’ : N ’

= -

Cla'ducera. Iu terms of numbers; Daphnia eatwba (adu.'l.:a pl‘us

juvenilea] and Bosmina coregan {Fis 19) were more or l.een equal ar. 'peak

perinds ):muzvzr, in terms of biomua, the Eurmerkas more 'i.mporl:ant being

of much groa:or size than the’ latur. o dia:inc:un vas ud.e between adul.ta

and juvenl.les for Bosmina coreaon uh!.ch was present from May te. Septeu'ber

of 19?2, the maxinwm number accnrred in ea:'ly .J'ul.y (81 ODO.FN ). I:laghnia
:atauba ap'peu'ed fron June r.o November. The lax!.wun numb{: of juvenues

(17 BDDJ’m -) occurred in early Jn].y while the -nxi.lm.n nunl:er of female udulte I

‘_'-(:rs.{,dom) occu:red n car.‘ly Augunl:. Hales were hrs: mmunturcd in Sap:m‘ber

infy
and ¥ ched a pelk of 2; 300;‘:1 in early Dccober. As expected, ephi.pp.l.a].
females beg,an to appear around this time alsn.

Chxdorua sEhaeri.e.us and. A.‘lona Eu: ta aecurnad. on-a Eew o:us!.n,ps

. in the spring an:t {all bu: l.n ninl.mal nm‘bers chtodnra l:.ind:ii. madu a IrriaE .

.appearanca in Auguft ™ lw nmﬂﬁ;rs as vell, . ; f.

. Lo
Copepoda. C ,', ds were p l:hruughaut the same - perind more

©oer leu as :he ciadﬂcarms, hmuver, compared ‘a:h the l.att.er :Iiey ware vvery "

e



seasonal :-i:l.strib'n't:l.nn--;:'f..'!idéllo!.ds l;_nd ,‘l‘riéhnérh ap'..'
. - . . -t

i aw
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much reduced 1\:.\ numbers. Nnupltl were prese‘nt fuv the srear.er part of the
sanpllng ‘period but under condltinns cE counting i.t was very difficult to

' .dif[erien:ially decermine the various species 1nvolved. Sl.nce Diaptomus
minstus attal.nad greater m.nhers than Eglsclmra nord.ensklnld( it can be
assumed’ that Lhe majoricy belonged to the former‘ 'Ihere was a ali.sht

_in'dica n of two pulaea of nawplif’ o:cﬁring during th; s-unne.: ‘u_f 1972,

' (Fig. 720) in that numbers increased from SDO.i'la}n Hay to 'rl peak of .B.OODN.]
in -early July, decreased to 4 300{:11 in"la:el.July and ;I;zu reached a maximum
high of 13, auofm in mtd-Augm. It is :ufficun % say uh_e':her ar nat 'r.he '
minimal numbm’s of nauplii presenl. duPing the winter of 19?3 belonged to the
nbove-menhioned spccies gsince very low num'bern of immature CM’L: vernalis
were also encountered at this time. Immature stages of this species were L
al’sn pres‘ent' in the spring of 19.?;2. and 191;3'11“: again in very low numbers: '

-;-_p.. As 'cn.n be seen from Fig. 20, Diaptomus minutus had cne generation -
L kY

_per year, Nauplii appeared juar_"‘hefnré juveniles which in turn appeared

.before édu]gs. One interesting feature was that the initial encounter with.

this species yielded unly= stage '?. gopepodids dnd adults, with_:atases 1-‘“.
bellng virtually absent (Table 20)_. There was {n apparent preponderalnce af
s:age' 1 copepodids and adults as comp.ar_cd with numbers of stages II—I\' present.
The nu_axinum nuiber of. stage I copepodids npi;eirad__cni.m:id?nta].ly with ‘the

. maximum num‘:;er of adults in.Jl.ate ‘August of Rir2 [_1,554!'513 and .2,‘-'11.!':3
res pe cti.\rely) . : . . '

EEi,sl:lmra nordenskibldi. appcarhd 1n the plankton Just a r{ew weeks

. ahead of __Lp_my_ minutus and disappeared around the same time as the latter.

‘It _alsn had only one generation per year (Fig. 20 and ‘l‘l'ble 21). The

S



20. Seuoml dl.str.lbu:(an of Bplnehnn nnmnskﬁ’nlﬂi Mapl:omna
: linur.us and na\lp.l.‘l.l.. - . .
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Table 20. Dug omus minutus: Disl:tibul:im of e\:pepodid s:ages 1-v and adnlts (UIJ--
) Indiv!.dun.‘ln.l’n
S B stage '
e T ‘11 jiss w v VI
. = -
L1972 " . .
© June 22 - S+ * + + 221 408
L July b 37 315189 g3 63 126
Culy 20 1,324 94 126 + 79 613
Aug. 3 © . a8 205 205 142 299 © 1,607
Aug. 17 - 1,182 515 " 23 378, 331 1,607
Avg. 31 . 14654 6l4. 42 0303 473 2,711
. Sepr. ‘18 - S s 1,371 426 ‘].:QZ b 567_ p 709 1,654
et 2w LT 441 221 221" 236 457, 2,112
oct. 16 32 * 3z + 2 e
Oet. 30 . - - - - = - 284
Nov. 13 R - - - o 2%
~ 5

=Ll =




Table 21. Epischura nord

Badividuals/e”.

enskioldi: Distribull:icn of cﬁ'pepodid si_:_agés.l—\f anddadulcs '(VI}.'.

DATE - Stage o
; 1. s I, 1w v v
1972 - . - .
June 8 # 63 173 - - e, -
June' 22 ! 157 ‘o + 79 236 ;
July 6 268 ' 268 + e
July 20 7L 189 142 . 268 -
Aug. 3 - A - - 12{.; 441 \“'205
Aug. 17 + 299 95 189
Avg. 31 a 331 . 567 331
Sept. 18 - 131 _3?:5' 95 473 .
fer. 2 - ‘95 95 441 299 . 1,008
oct.. 16 - - - " - s
Oct. 30 - 41 - - 47 142

8L - .
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.

. diapruporuon; with respect to juwini.lc stages described nbove. for Diaptomus

minutus was not observed for this ?peciza. The first encounter turned up ¥

’? copepodid stnhes I.and II enly. However, on the next uc:;slon, all copepodid

" while the third and largest occurred in October (1,0081!11 | P

. protozoans were less pronounced.

stages plus aduits were pr‘:’:sen:.' Sequential ‘pruduc:ionl of étasns._l-lv '

appears to have gone on through th& Bummer and into the fall. ) Tak!'.r.is the

juvehiles collecti\ruly (Fig. 20), r_hree peaks were evident (nne each in June,
¢ July and August). The latter uas :he largest with 1, iﬂo."m . Mults .also

displayed three peaks, the first two c.oi.neided wi:h those oE the ju\reni.‘laa

_ Seasonal Distribution of Dominant and S?h-l?mntnnn: Zooplankters.

Fig. 21 gives I:Iu.z slea,aunal distribution of the n;ajo_r grcws of zooplankters.

In terms of nusbers, rotifers were the dominant forms in Ap!:.i.l-. May and - )
csri}t June nf 1972 followed by p‘rul:uzoanu in mid-June, Cladocerans ;;snmed
do:llnance in late June and conl‘_‘f.nuud as fuch’ until mid-August. From her-e
uopepﬂll nauplii predomd.n%l:ed unl:il t‘hn end of August. Protozoans took over
again in SEpLEﬂhet.and earl‘y Ocl:aher but from ntd-{lctober to early January

of 1973 rotifera-x_asaumed dominance. Ciliates dominated during the remairidcr.
(3 winter’ giving ‘.my I:’o mi:if;ra in the aprlng.‘ As can be seen in P].g. 21,
most of :I(ese forms rluc:ua:ed between d.ominance and sub—dmimncc

In terms of bicnass the seasonal coupl.exion was someuhat alteled.

‘Cladocerans undoubtedly duminatgd An this respect throughout mst of the u.me ~
’ they were preaent. ﬁlthough sub= duminmt in numbers, at :lnea when -
cln_dcce;‘_ana w\pre Iess plén:lful (late August to late Octe'ber], copeppds assumed

greater biomass importance. Bi.oma_ss_ differencesbetween nauplii, 'ror.l.ie;:s and



i‘!.s. 21, Smpnal‘ d.‘l.attihntiom of ‘_
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Some anira:mntnl-Phyr_nplanktun-Zonplanktun
'.Rnlatiunsh!.pa s -
Table 22 !.s a sensonnl mptenentntlou of data used in resresslon
nnnlyn]a to determine the‘:‘xtent of some of I:'he pruhnhle rulntl\mn‘n(pa
-, nxistlng bal:uenn certain unv}.raman:nl factors, ph;::opl.nnk:on and zoo- ._
_1alanktun.. Tab].v.- 23 symparizes the results of tl:.la analyaiu ﬂu!rn ua»fZL
slgnificant pusi.r.ive :z“lauan (p< 0. Ol)l between total p‘nytuplsnktnn ‘and
tenperuturlz, as well as significnnt nesal‘_ive cdorrelations (p< 0 053
. between r.otal p]\yt.oplankton and . nitmte-N’ .'md to:'.u!. )y:oplank:nn and ftee
'00,‘;. A significant positive correlnt.l.un at :.he 52 level was obtained ' :
. between total zaoplagkton a_rlld total-phytoplankton while a s)gnifil:nat p:'mi.ci.v;
_correlation at the 1% level H;!ﬂ .r:\btained hetueen iotal- zooplankton nml
temperature.. These mlationsl:lps are rePreaented graphically in Fig. 22.
N’a’mﬂ.snl“cﬂnr_ negative correlations were obtnil!zd hemean total phytoplanktcm
nd nmnniun—N, tctn‘l phyttmlnnkton and Dl‘t’huphnsphﬂty and total phytnplanktun
d pulyplmsphgte. e

In terms of total phytuplanktcm (Table 22), there were tuo usxlna,

one in early June and one 1n late Augr.lst of 1972.  Minimum wnl.ues fm: nll‘.rate-ﬂ ;

oy
-:orresponded exactly ui.r.l: thase mxl.nn 'l‘otal zooplankl:on cxparienccd neveral
pulses; the major one was in late June Tollewed hy 1eaaer ones in early

\m:gusl‘_ and’ eal'J'.yr October of 19? and a minog one 1ll Hﬂl:flh of 1973. -
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m].e 23, - Results of :z;ressl.oﬂ analyﬁQ for' the :Ieteminntion
of sbmg en\r!.rollneatsl—phytuplanktuu-maplankton tel.stinns'hipa.

-y v F ' N N
_ “REGRESSION af r b
" Total hhj!tdp‘linkt_on”' T T e - - L
" on t:anpnrétnre B . . 0.03
'rol:a]. phytopLankton IR W T )
“on. am.m:lm nir_rngcn ' IR _-0.05_-': - -0.13
Iotal,phytopllnkton i ) '
b ¥ . . B PP .
;on.nitrate nitrogen L o 0.46% - g 48
Total’ phytoplanktan; | LT e TR e -
-on ‘orthophosphate | T ." X “1.75 . -
Total’ phytoplankton .
-on_polyphosphate " -0.37 -
. 1‘|I_tql phytqp‘la-nktun. i ' * )
on free co, I o -1.93
Tu;al mapld‘nktan o e N .
: on mtll h}rtoplankmn o - :J..Ol‘:
N "Iotal.z_oopl.ankton: . bR T L, I
" on tnﬁ;:n[aﬂuté s .. o L . ._0.88**- 0.1
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DISCUSSTON

‘The _Physical Environment

.

Genara’!.]_.y speaking, st’llou bndita of water u‘h:l:l‘\ are exposed to
the mixing action Bl:'l winds do not achieve persistent thermal stratification
. - .
(Craven aid Brown 1970; Davis 1972b, 19?3:-Hutci\inéoﬁ 1957 ;. Macan and

Yaudsley 1966). MHowever, waters which are ‘subject to continuous calm '

b h - k
" resulting from protected conditibns can acquire ‘such and depending on bottom

tyﬁe,'.c_orre_s?ouding chemical stratification. M'e'w.anple of this c:mdit_lon

" was. reported' by Moss- (1_.96%)' for a shallow pond (maximum depth, 4 m; méan

depth, 2 m) in Somersetshire, Eng’lnﬁd. which was attriblted to minimal wind

actlion -‘on the pond as the result of an established tree cover. Formation

_of stratification during the day and its subs_equunt destruction ;'lur.'mg th '_

* night- aé_rép;n_'ted by Eriksen. (1966) did not gecur in this lake. Diurnal

warming and'}:uoling-appea'rs to be a very important factor in. the Edrma‘ti.nu

-of :‘énpera:ure' dil_'fcrence from surface to bottom in Loing Pond. ne:au-se of

.
the relatively large influx of water into the pond by way _'of Learys Brook,

divrnal ‘activity must be assessed in terms of both .-t‘ne__ )c;:ic_ .and.- lentic

environments. Small streams follow air temperatures nore closely than large

. - ) .
streams (Welch 1952) so : tly the pr. s of warming and cooling
are felt faster and to greater e:;?:.;emés- in the former. From this it is
rensnna‘fv!.e to assume that:Learys: Brook would respond faster to air temperature

than the papd itself. Thus, in te.rms_ai densitﬁ'. it is qui’.ta'cnncelvablé



. that 1!|:erp1_aly between these two an\rimnmen:s could determine whether -u.r
.-no_l‘. vertical he:err.).ge.ne!.ty péxsiéted and to u_fhnl;'degree. Iie:emsenelty

- I’;hus .es-tah]_.ished would be influenced by: Li';e prevailling westerly winds uhl;:h
._funnei down :;hz' expose.g. longitudinal axis of I;he pond and by current

« pa'r.tetns.l Tlm po’:d is su‘bjae.-: l:o diurnal ﬁluntuati{;ns';s evidenced 'by
continuous data prcaenr_cd in append!’.x lEa-g) 'houe\rer. since ne-such
'de:eminations were made in the stream, the extent to which the two vary
with respect to-one anpther over a 24 hour peried is -not known., - Indivl:dunl L
r&ad\fngg taken at the same time of day ‘on every trip én:ab.lis‘n'n differential B
between the tuv; environments at ‘least ;’or that time of day. Vertical
pror,ilea at dirferem: paints in the pond vesulting from fa:r.mrs as des:r.l'bv.--l
above are most likely Buhjzl:t to r_unsldara'ble variation over the diurnal
pycle as seasona progress. Such variations appgat to\ha\re nr_curred whén c_ald.er
water was detected 1ntq_-tﬂd£a:o in the water coiumn and. when_ colder water

' was found extending -from the surface dogm to a de];l:h ;f 1m The::!.att::a_g.'

. cn;dition can also r;zau)_.t from the -'onsl.augh: of a c;wil breeze or evap'oratluu.-
_(Hutch.{nsoh 1957). | T.h_ere is a tendency -f'or_. cold water tﬁus ‘formed at the
air-water interface to sink due teo 1ncrea_aed. éeﬁatl-:y. s i
. It is not known how long the théi'n_nl st:at_!.ﬂ.cai ion olve-r_ the
deepest part of ‘the pond was i:reaent prior to its ing dlsco\k:e;.f 'H!:anmn
{1929) reported a thermal atr;:iﬂca:inn of shu:r_ ration in Thomas ?ond. |
on June 3, 1969 and on June 22 of the same yanr, vis, (1972bi reported a e

‘s:l.ul.l.ar u:‘.:ua:ion for Ilognm Pond’ (‘both ponds are 1 the vicinity a.l.' St., John 8}

The' former inueql.igator atkributed the cause to a su e.n rise 1_;_1 alr tempeature

[ . . . e
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followed by a sharp d and cited ln'gi.-ul evidence as sub-

sr_antiai.i.cm. Mn:_tdorolug.tcal data for the susmer of 191‘3 indicatea tha‘t

this may also have been the case for Long Pond ‘in that continuous high .
ratures thruus,hout IIDBI: uE Ju!.y gave vay to’ sudden. cold tamperar_urcs
" in the f;rst two weeks of august‘ An averturn appea_ra to have occurred
as evidenced by the warming of the hypolimnion. An im:'er_cs'ting -fen:uru is
I [ that the thermocline did not begin until after 6 nof depth and.gnd.'ed.jus:
above the bottom. 'me_amunf_' .uf area below 6 ] ucca‘unts fo: only app‘ﬂlx-.
.imar_el.y 10: of the total. Without snppnrting emrirnnmental and biolosical.
) data and 1n£omr_iuq as to’ the duration. cl’ stratification, it is ﬂifficult'
(23 ea)r what ccolosical effe:ts lack of circulation beyond this pninr_ could
ha\re in the con:ex: of - the whole pond, The settlns up and comequzn: :
" destruction of thermal stratification must be viauerl in terms of both the
: lotic and lentic envl:cmnents as described above. :
" Inverse stmt!.l’ical:!.on and wat.et :ondiuons bonaa:h‘ lake ic.e have
been deseribed by several authors (Bilello 1968; Hill 195?‘: Hutchinson 19575
L.i.kena and Ragotzkie 1966; Mortimer and Mackereth 1958; Moss '196§a; Paléaer
and Izatt 19?2'; Stepa'rt 19'72),. Davis [19?2b.' 19?3]. re.putted inverse )
stratification for Hogans Pond and Bnulit;e Long Pond which p.ars}s:.ed thmﬁgh{:u.t
the winter; hnueve-r, t&meratutés were substantially less than :iol;. . The ' .
incepr_.l.on and maintendnce o‘E_s tratification ua; attributed to lack of
'ulrcui,n:ion by uiml action due l:a the ice cover. No such sr_ratifie;mjm Was .
o noted for Long Pond in fact, I:amperatures did not get ahwa 0.1% Eor much
of the winters of both 1972 and -1973. steu_'art (1972} reported cooling of

the lower water and sediment in the v.icinil;y of the inflow of sgi:'!uga- and -

—



- an'intermittent stream in a lake in Wisconsin. ~The effect of inflow from

Learys !r.ca:k. in this regard app'e_ars to be felt all over the pond. 1“7

mid-March of both 1972 and 1973, release of heat from the sedifents and

possibly insolation may have offset the effect of the influent which

“temained colder.
Total Suspen&ed Matter, Sedimentation Rate and Bottom Type
‘. Composition . ) '
The most reasonable explanation for the gl_-eatei' concentrations
_of totalsuspended ma:l:er. .and faster rate of sedimentation at station I is

in terms r;\fhg':du_c tion in current speed as previously described. The "diurnal

pat.tet'n exhibited by total suspended ma'tl:er at this station is :eflecti\;t_
of construction activity along the course of Learys Bfook; ccngentrations_
. increase ‘during the day -.uhen everything is in full force and decrease .

. during the night when preumbly: ‘such activity ceases. Heavy runoff due’to -

rain tends to intensify ations of total pended matter Imd :

/"-c‘onsaqum;tly. sedim;ntation rate at all'sta_tirm_s. in view of this fact ana )
:hel'.la_rgé a.m.nual rninfa.}l' e_xperienced in’ _Ne\-:foundltand\ if recent construction
trends ccm‘:lnu.e, sedimentation will become an increasingly i.m‘.gn:m.:'nt factur:
in L&s Fond. . .

C‘hm\;es l.n bottom type composition as & result of s*llt deposl:!’.on "
can have pronoun:ed e!fe::s on Lhe ecolos)r of c:sanlsms already dwelling
:here (\I’arren 1971). Iru:reased siltification tenda to ellmi.nar_e macrophytic
‘vegetation and bury rocky bottoms. Obviouuly, organisms which are unnbla
to ma‘ke the tranalr.iun are elimiunted Such solid mterula a_lso create '

prnblena wvhile 1:1 suspension since rnnultaé\:':hrbidity v.-a\'nses_a reduction .
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in .lli.g‘nt penetration which restricts photosynthetic activity (Ben;on 1.'95.?;
I'n_:_in and Claffey 1968). This c_ould ba a \u-u'y reail. problem in I_.:ms- Pond _.
especially during periods of I\eau;y.runnff in ?pl’lna and. f‘all. Distuption”
of Il:'hé vegétative order cover by _.cot;;t'ruct_ion acl"_,lvltly an'\gidou a 'n;:urce
of allochthonous é:s:mic _mtte.l:‘ Su:_h mate.rlnl may pla_y.g uar_yln_g_ role I
in the '.ecu]'.a'gy of a receiving water (Raushik and Hynes 1968; McKeown 1968;
Szezepanski 1965). - - e )

It is difficult to say :ehich physical facters are re_splonslble
for bottom type'_cwpoﬂ:lon.aa _d.ll.splayed- by a parr..icul.ér-statim. ‘E:.urrenr.
patterns and vzlr.-‘:il:}. wind action, depth and slope of basin a‘ppelr to be
fnvolved to varying degrees at each. -The amiden r{!dl.lct‘l.un in current spe:d
at station I may be responsl.ble for the depositmn of such a large propor:lon

of silt at tha: s:atlon uhi.ch othewIYse would be swept further out an:c the

o pond. Haterial. setti.ns past station I by way of the narrow channel would

necessnrily be dispersed by Hlnds and :urrents. The bas:ln slope at atation II.
is very steep compared with station I\f which is more sradual. _ Obtaining a
_drcdge sample here was ofven difficult beéauae the aedimt was at most onl.)t

a few inches thick nnd.the dredge had a tenéency to sl!’.-de down the slope. -
Thus Bet_tli-ng material uould;ire_.in an u'nstal;l_e pﬂsi;luﬂ.du_g to r.he. steep
"incline and n-nechanica_l interference eg'u.ed by watle: movements. This is a
i:ouible explanation for the presence here of larger particle sizes than a.t
the other stations and the greatly reduced proportion of silt particles of
which are lighter and more prone to ﬁ‘ls:ul.:ba'ﬁce. The deposition of silt at
stations IV and V appears to be \:af'hc'l:i"\.rn of current m{;\m an.d \;elocitjr:
Cul’reﬂt"uiﬂt bel ‘slow in’ the \Iricini&’y\f _s:at'l.on v hmu_l the larger proportion - )

#
T
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_ol'.;i.lt upi..le-stat'i.on v nppeai-s_ to bz.n'nder the influence of faster moving
water. The gradual slope nt;tht latter station mylv;lan_be a modifying

» _faa:um. The rc!.n:ivelj-r.'lou proportion of silt .at ‘station II1 cbuld'poai_}.bly
be related to the fact that it was located near the autl.et-i'.nto Rerﬁie's
Ri\;er wher.e water mévenent is noticeably Enst_er than at the other s'tn.t‘l.unu.
A !a.r.tar per‘tntni..@ to all statlons which must not be ignored is the effect
of possible rnsedinenl:at.ian ‘which is_the a!:-l:er'-ath of reauapenéi_o-n of

) bottom depo.s!'.t:s hy‘syc‘n ngen.t.s as wind treated c{lé tu:ba;mu. Thi..s can alsoe
be an important source of error in total suspended Ilnatl:er determinations and
'mejnumme;lt_s of sedimentation rate when employing sue;h devices as used in
this investigation (Tutin 1955; P.al:ers'r;n and Fernande 1970). ° ’

Water d\en‘is:ry . ' ) | o 9 N " -

) A very important Eact_olr ‘in.as'nessing the water chemistry of Long
Pond is thu‘effuc: o‘E station 1, which, in a minor sense because of its
physical arrangement, takes on a role similar to a 1agm'mé in waste
treatment. The-.graat_ amount c_f benthal depasi.t'!‘.ou occurr g here us cn.!npared.'

-‘t‘:ith the main 'budy of the pond and I:i‘IE extent to which BOD is removed from
. water leaving _Iu::.e is su'p[;orlt fol“l:his'l:'nn_:lual‘inn. ) )

A discussion of the effects .oi orga;ni:. ben:hal_delpos'its' o.n over-
lying “.l“r a':' ntgu.dn II and comque'ntly _:he r.eét of the pond is now in
order, Sr..'ale of the lmportant variables'tol be emsidered‘ in th:e rate of
decémposition of-organic u-.n't'erial are temperature and the numbers and kinds

of bacteria flora present (Wurtz and Bridges 1960) as well as the nature of

L

4

1
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the Bn.ariul itself (Hynes 1960). ALL ether thinga bn.].ng equal, te_nperar.u‘:_e
seems Lo be a very lmportant factor in Lr:mg Pond in tiaqt d:l.ffarenm.au in .
BOD between station I and the rest of the pond are greater in the slmerl
tl\an. in the uln:e'r._ In the hunner_, higher decen'pos.lt'ion' rates result _1n ’
‘less deco:-nposable mteri:l.l getting out -‘J'.n.to the main 'bcd:y‘ o_f the pond uhiie
) I:'lle converse appears to be true of the winter months. A similar situation
was repor ted l'Dr a éreak in Ohio by Gaufin’ nnd Tarzwell (1955]

One of the impor:an: end produc:s of ba::er.ia]. dacmposition is
+ Lfree Cﬂ'z. Chemical equilibria ipvelving free {)1}2 and the blcar'bon_al:e— .
carbonate alkalinity system and the ef fects of hiol?sidul activity thereon
hnve_bcm.l discussed by several authors {Cairns et al. l9ﬁ: Hutchinson 1957;
King 1970; Mann 1958; Ruttner 1953; Warren 19717, Iln .the ub.u\gn;e of data

collected on a seasonal basis at different intervals during the twenty-four

hour period, the di_\'mml cycle at station I-appears to be as follows. In

 the daytime, dur.lng‘ pe_riods of high BOD and high ure, d : ition
and respir;atory sc‘r_i.vl.tgr p‘rc‘bduce [free CO2 1;-|,.escesa of plant photosynthesis.
.requlr'emgnts which is chanelled ints the alkalinity syste-t At night, with
the cessation of photpsynthesis, this excess is even greater ';nd is likewise

converted to blearbenate. If during'_the day as a r?ﬂt of photosynthesis,
¥y

free 002 is removed faster than it can be supplied the abovementioned”

sources, the alkalinity system may be dra\m upon, however, nighttime
rEpleniahmenr_ of this aystm nay more than compensate for daytime losses

- Thus there 4s a net gain in alkal!’.n!.ty. Du:.f.ng colder periods thle gupply

of Ene cgz from decosposition is less and the _equﬂibrtui’ is more in terms

‘-\ ,-



of a diurnal interplay oFf photoaynﬂiat..’_mc and respiratory activity. “This 15
a possible explanation for hlgl\ alkalinities d\‘lring the summer as opposed |

to low mluea during tl\e"w{nter. Free €0, is also avnilablc from the

2.
atmosphere the amunt of uhich depends on tempu:sture and pressure. However,
the movement in and out of the water interface appears to -be a rather

o . v

slow process (Hutchinsen 1957) and mla:i.w:ly' speaking :h!.s source dca's not

contribute very. mm‘;h (King 19?0}. !‘wa ot_her 1mpurtanl: end ptoducts of

decnq)usi:ion are n!.t(ogen and phmphnrua. Furr_‘ner elaboration ‘of these .

- will be. si.ven bel.uu when their relau.unahip to flua'hi.ng is didcussed. .

Besides nutrients empnating fram station I, addltion,al Buppl.lea
mus t also cum from dncumpus}.l:l.on in the miin bcdy of the ,pond. This is - °
especially so during the winter when the asount of decuwposable material I
: _.here is nc._)re or lesa.:he sai_ne af~at station’ I. No BOD determinations were
made . ét various points upa"t.-'rheam f:om station 1.. T‘he degree I:D which decom—
position might have progressed priot to rcaching here would have depanded
on thc state of decuuposi:itm at the time the mr.erial entered the e:man.
the distance £mm atation I, rate of flow .md the variables mentioned above
with mspect to decomoﬂitlon rate: .
Phosphate, -ionic " uirtosen.. bi:ar’bnnﬂte aml qther iona stored in.
lake sediments are released into the Duetlyi.ng ua:er under anerabic c{'mdi.l'_iuna'
'(Fillon and Holof 1972; Golterman 19&6~ Hayes e: al. 19585' Hutnhinson 195?'
Hynes 1969'- Hort!.we: 1941, 1‘)&2). Whether or not I.his fs a Iactor in Long
?ond pnrti.cularly sak 3:&:1011 I, is difficult to say since surface samples

only were :aken am‘l at “one._ time of day (9 al). During petin&got hish temperature
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and high BOD i.t is quite- pusslble :hat anerobic ::cmditionu are reacherl
duri.ng the night enpecinl.l.y at :hn udi.wen:—mur interface. However,

ie-is unlikely there are any susﬁained periods dince sediunt samples

.collected at the same time as nanplen for chemical .analysis were not

b'lar.ke-nsd and there was ﬁo sln.ell_oi _uzs. ) The abundance of marsh vegetation )

-miy produce enough 0, to offset depletion during the day yhi.c‘ri would greatly

enhance the ael{-'pnriiicat.im raté. ni:l:arason (1928) reported super—.

. saturation levels of O2 under :ircums:ances s!muar to these. 'L'here was no-

. gv!.den:e of susuined 0 depletion_ at station I durlng ‘the.winter months

ci:her ‘.I'.nr_reaapd acl.uhi.‘li.ty nE 0 at - luw temperatures and dea:eued
bielogical uctivlty mlsltt ofiset stagnation n: the sedinent—'\nu\' interfa:e

both” day and n:l.gh:. Nilh ;he pusai'bte excepti.nn of the deepeat part of the

Ip‘Dﬂﬁ, it is doubtful if gnatd h occurs shere elge at ahy time of the
v - R . -

Nu:rients u‘:ig‘inar_ins: from sﬁeas ol:her I'.inan the reau."l.: ol"

- biological acuvity must also be .Biven some consl.derut.ion. Leachl.ns and

eroslcn in’ areas uhete the vegetative cover Ima been remuv‘ed and filiin.g .

haa occurred :ould}/result in nutrient 1nput. hwever. t‘he geul.ogy of the
area precludes emessiva munts from such sources. Furthsmora intense N
e:oaioﬁ causes a larse p:opo‘:ti.on of® nu:r!.-m: material to 'bcr:rmn lockod awvay

in lake sediments in unavailable un._lea_clged mineral Eom_ (Ho_rtimer 1969}.

The use of commercial fertilizers can be more or less ruled oyt as a signi-

ficant sourcé of nutrients because as already mentioned, most “farms in the

" area are dairy and poultry.farms. 1t is .quli:n possible that laifn fercilizer
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..' is reapcmsible “for a certu:ln awdunr. of nutrient nnf:eria].. T

Since chlaride de ter-iuatiuna were not mde m\:n the last few i L
mpnths of the invea:iga:icn, :he prior exten: I.hal: this :ons:ituen: . -j
._coﬂtn‘buted (-8 TDS As nct known. One of the universal :onatltnents of .- L
‘Drganlc pnlluti.on .is HaCl (Iiynes 1960) snﬂ one can éxpect this to rlse :
subutan:ial.‘ly durlng periods oi high BOD. ".I.'he ex:ennive une of road ulr.

]
«on city s:reets was mst lilt.ely rEspnnsible for t.‘nz drmnl:ic increase 1n

TDS during the winter of 1973 and explains the parsistlmcc of Lhe denni.:y

current which was \Erso from disruption on the.part of wind action as a
. H - = =

result of the ice cover. Contributary also of course were the greatly

increased concentrations of ‘total suspended matter due to cdnptructlm;

activity. which .canr.ir'\uad throughout the winter mainly bn the ur.fi\lverail:g;I

cdmpus, - - ' L.
. . Flushing is a mhplicatl’ng factor w‘nlch must be ‘dealt with \dlen

g cyclie tend tes of chemical psrameters 111 Long Pand. Duriug

periods. of heavy flooding (spring and fall), T0s, B0D, alkalinity and 'hardneu

. dropped to levels au'hs tan:ially less l:hnn. recorded for summer and uinl:e: when

dllntlon is l\ess and renteutlon time gteutest. Hltrngen and pllnsphl!l'lli ofi
the other hand increased on some ncuslons in relnl:].an to flushlng and i
'decreg?ed on ur_hern Such lngreasea were in the face uf decreased BOD "
ccml:e.nl:rnti:;ns It. is posni.'bla that runoff reaulted in the tnppin.g uf
additlonal sources u'here nd\wncc otages of decmsitim had nlmdy oecurnd
plus whn_tever fertilizers were uae_d Ln the dui.nage_-a:;e_n.- 2 ‘muu aup_?l:.y in
reC_Laz{an. to dilution is an important factm.'." - ’ ) |



A water qullity atlad for ueufaundlnnd mwpucd by Jnmi.eson

(19Nb) pluea Long l‘ond in dn area uhere toul nl.kal.ind.ty is lesa thnn

i _5.0 ns;‘l.-’tntnl hardness 18 less t.‘llan-lil f.l ns.fl and chlnride rnnses from ¢ -

Ag!.l (nnpoll.ur_ed .'lal:es nnd streana). Valuea taportn!d for‘Pet:y

‘- : Harbuur Long Pon,d. Thomas P‘ond and Paddys Pond (‘H.'I.samnn 1970, 19?1 19?2) .

e gpi- with ' tn tllene pa ers. Mitrate' values for these

©oun ollu:ed panda {located near Sl.. John 8) were very low; the mean va.luea

were nil fm- Petty Hur‘baur Long Pnnd. .Dl ng.fl ior Pdddys™ Pcmd nl:d 0. 02

:ug!.'l Eor Tlmmns Pan:i - Mean total l]'llospllnte valuea were 0,07 mg/l for ?etty § L

Harbour Long Pond .and @addys Pond and 0. 09 ms.ufl. Eor ‘I‘hms Pm& Mean TI}S/

\mluas for t‘ne thrao ponds were around 30 ms.l’]. ‘The ganern]. cum:].uai.bn

Cae

fru- t'l\eae reports nnd others (Dadsueu 1970; Jnnieson &9?4&, Kerekea 1967,
'1968. Seahmok 1952] is that uith “thie .exception of aome west coast waters _(.s
Uhi.ch are locnud i.n .llnesr.one areas. wst quiound].and lakes are :ha“cl.—
erized by snft water and low cunduct'prity Lakes :in cJ’.nse prox'ziltr- to the
. *ocean :eco:d ‘higher chl.aride valms than thoan farther inlnnd ‘where the

l.qﬂuen:'e of ‘salt ladén uinds 4ds luu‘ Gorham (1957) \'eported a slwilar..

- sil:ua:iun fcr}nasr_al lakna in Novn Scntu it 13 resmttablz that none nf

’ the- abo\!c sr.udi.es \.'er: corrducl:ed on a neasanal bnsia, which fact must he
. -botne i.n m‘lnd uhea cmpa:ing ui.th Long ?und. In any event, cuwpared wl:‘n.
nul.rlen: ].evels such as :I:e al:ovc nnd valuos repor:ed fo: Bauline Lung l’umi

L :h)r Dnvi.s (19?3) Long Pond 13 decl.dedly eu:rophic. . _‘-‘ -
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‘L‘he ise of ﬁénmin\mrnbraua as indicators of pollution ‘.is' well

euablished (Richndsm 1921 1928 Patrick 1949; auﬁ.n and anmll 1952

_,}956_; Paine kxg hf,u(i.n 1956; Graht'hal ].966 Gondnighl: 19?3)-_ The pros aud

i_cons'o'l' the stgnlf!’.gane.e of i.n_dlutor spec!es both on an imli\ridual basis

'and'at the comimi.ty lé;rel where relative abund has been d has

re:eived. 1en3:‘nly treatment in Che llwrature and wll\l not be dealt with here.
Through i.t all, certain assemb.lagss of organi.sns' have ccm to be indicative

. of pollutiun and others Muo heen regarded as nainly inhah!.tsnts of clean.

water. Some of- the pollution,al forms 1m:1ude nenhera ‘of the ‘l‘uhtf!.ni.d.az.

- chi?:ununidne and Sphaeriidae vhi.ch are tolerant of Iou Cl2 con:entfatiam,

. im:luded he:e alsa are fur-s ui:‘h special adapl:ati.una for abtaining 02 such

.I as nﬂ:-mxl mAgRoLs (Syrphldae} nnr.! aiw btea:lli.ng snailn (msa . clean

water foms 1nc1ude members of the Mphipoda. Plecoptera, Epheneraptera;
Odﬁata. Trlchoptern and .ﬂ.nnicolidae which are intolerant of low 0,
con;entrattlons. As’ has-been the cu_g_in mqu_:y ur.udies_ut this ki.nd, :he‘rv.j'
was no ﬁnoulhdge' avai.lable. of conditions existing in.long i’ond pri_or_r.a this
inuestlsat!.on. The absew;e or reduction in numbers of v:lean water apeciés
oncn pruaent in an area can b; just as inpurtant an assessment of conditians
as :helprese of Iu\wn pul.'l.ut.i.onal fom (Ri:hardaon 1928). -
Con onitan: u!.th the adverse l:nndil;lomt at station I were Eouml

mormus numl:ers uf the noswopolitan specl’.m Tubifex Jubil’ex. Usually

. assp:il:ed u!.t'h large :unmznt!.ous of tu‘nificidn one finds wrrmmdlugly- =

- large numbers, o! ce:tain spules uf Chironomis (eg. Chirunamua decurus.

.
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. Chtrono'nu_s rlgar.i\is!.. This was m::l: the case in Leng Pond; here Plaeetlfnt;x_nx- pus
" . which has been kliuwn to feed on tubificids- (Hynes 1960) pr‘edominated. Carr I
and H:I..'ll:u\x;en (196;) reported a similar s:‘.tuaticn for pnllul:ed areas of
Western Lalu: Erie and cited a re‘port by Surber (1‘35'-') to the same eifeet,
however, the genus invelved was l’racladiua and rmt sectmtmxg .
Procladius yag sqcond in i.nportance at st_atm&l but at station v w‘hnre
there were also largc_ nurbers of tubificids, it was the most iwortant_
ch!.rcr.mnid' present. Paline and Gaufin (1956) in their study .of a polln_u:lgd .
creek in Ohio found .the.predato_fy ch}.mno’mir.in to be Z_I.i.ni.t'zd' as indicator
organisms becm_;st; of their, ui.da. range and adaptability to different
éniriro.nmental éundi.l;l_on's as well as their widespread distribution. *
.A'a previously méntioned, chironomids were reared "en masse" hence '
%}m di.rec: larvae-adult aggociations were made .:\dul!:s thus ac.qu'!.red vere
_dentified as follows: Procladius freemand. (subl.) and Glzgwtendi’.ges gatf.ges'..
(zdiv ) r_he apecieg of Chircmunus was prcvlsicnally ident!.fizd as
Chl.rono!nus (s.szl. attenuatus, The latter taxon is synonymous with
Chironomus dsdrjirus (Sublecte. lgsﬁai-l’s:ersm and Fernando 1970). Taking into
account 'th._e shortc?n?ngs of'ti’w rea}'ins method, larvae con;espond!'.n_g to
these adults may have bae‘n the ones encn‘unte:ed tlll'ongh‘«‘:lut the investisati;m'.
If Chi:nnms decorus is the s-pecma involved in I.ung P‘End, conditions exist
which' limit its d_;.s:ribt_lticn to cleaner water. It may he that at station I
this -spac-i.es 1s unable w'. cb._npete with the: cnungous numbers of tubificids
;;rescnt for food and livin.g space. Coupled with -this, nu-ﬂhérs which are
allowed to develop may be pr'eyed. upon by the ’ran.ypudinae present. 'Fhe same
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thing seems to occur-at -station V. The Chironominae as o_ppuaed'tu the
Tanypndit;ae are :ube_ builders (Le;‘.heta 1922; In‘al..shz -195‘0, lQSlJ-I This
o aphears._ to be one reason for I..h,e rel;r.iu absence of tubes at stations I~
and V'as compared with the other three s‘tntions. The Tubificldae are

also _.r.ube. builders (Pennak 1953); however, such activity by these animals
at stations I apd V seems to be at Bll;ﬂ.tlimt.ﬂ. The extent to uhich
r_uhi-fic__i.ds may have ‘contributed to tube building at the .other stations !’.s. .
ot known since the .tuhe.s were‘ not _rjii-flere_ntially sorted. .

.. Just as for‘ Chironomus, tl:q three leech s.pecl.e.a present have been

. known to withstand and beneflt; 'frnm he,a‘vy nrg‘,unf.c pollution; I\mz‘vir.
conditions more conducive t.o thedr exist;anz;a are:aléb found other th.hn gt )
station I; the same ti:j.n-g applies to Pisidium bu; to a lesser e;(:eﬁt: The
recognized cleaner water forms were almost entirely aba;nt from stations I .

and V.

-

'R_l.t.h_ough__diversity index (3) can vary from zero to anly pu-sitl\re :
nusber, the general range is between 0 a;ni 5 (Ransom and Dorris 1972).
Appiicétiolls of the index to b‘uth-pnlluted and c]:ean.ua;e: has yielded the
foliwing .limits; wvalues f.rcln_| 0tol indica_te'l}ea;ry ;nllutlun, values from
1 to 3 moderate pollution and .I {ucs above 3 are lndic;t‘.ive of clom} water .
(Goodnight.1973; Mathis 1968; Wilkm 1970, 1972; Wilhm and Dorris 1968).
According toathis acheme, sta:lons_I n\nd V are polluted areas with .th.B
former being_ :.he worst by far. The o:imr.:ln'ee stations desmons I:ra::.a moderate
_pellution. The dl.\.rersi:y index vnlwfv_s. therefore are mat_hemntlca.‘l. e_:ipren._{ons .

chat convepiently summarize thé information contained in Tables 11-15.
o i : 3 ; )
i
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The 1w_va1ugs at _staFion I can be explained in terms of the
amount - of pollutants which concentrated at thst's!::ltiou, however, the
situation dt station V is ncl: as clear.; " The fauna here was einilar to the
profundal fauna of deep, thermally stratified lakes uhl.ch are 'prane to long
parioda of)l) duple:im (.Iunasaon 1969). Nactumul deficiencies in
dissnhmd 02 are al‘l:en I:he ‘eritical l«.n\tirmntal factor which determines,
the dis':ributi‘on of organisms (Gnuftn-nn_d Tarzwell 1952)‘ "While this may
be the _ca;e at s:al:_!.o:i I, evidence does not point in this_dlrenltian at
station V. A;uy attempt to arrive at n.pn::.ic:uhr cause Ec.r —l:he faunistic
characteris ties of this atation as well as M:Tt.itms 11, II1I gmi IV-is a .
dlfficult p:upusitiun in vieu of present data.. Chemical anal)rse. speak only
for condxtlons at the rime nf alllmp].ing. In between s"awpl_ing u‘ips pollutants
may el.n‘_:er a water and disappear before being. detect_ed'ol\ the next t.rl.p.-_h
however, px;nf_apmi r_t;angéu in I:i._nt.a. .;:uch as bottom fau.r;a may have been
pi'bduced in the neanl:inle. Thus even though no siguiﬂcnnlt dlf[erenc;s were
Ifonuld between suﬂons II;V on any of tl;e parameters studied, posa.{.ble
activity between aampling i.nt_enrala precludes ruling out I:he chemical
en\rironnent as beins causativz a( the similarities and di.fferzm:es in
dl\rersity index \ra].uell (‘I\lality and qnantity of pollutants have to be censidered
as uell as rate nf diapzraal by winds and currents and tl:; eﬂ'ect of

) diluti.mj. Bth_ar facr_m-s to be considered are depth, hut'ton_typ'e..ligh't

penctration and vegetation. ALl suti.m were more or le'og different as to
vnlr.in.n'.:s combinations of these items. With respa;:t to \msetatiuﬁ. the only

form encountered in dredge samples was benthonic algae ‘and- this was

Y. . . b - . . N
restricted to stations II and III during ls:_e spring qnd early summer.
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.In:_rinsica_ny invelved ;are l:h_e effects on the phys!_.lcochenlcal envh'onin_ef;t Y
and biological activity of seagonal phzmmeha.(l':e-per.ntute, light and -
. precipitation). ) .

-1t should be pointed out that the similarity in index values
between s:a:i.un II and IV may. have risen through de{aul:, since, as a‘lready )
dcs::rlbud, Dbtnlning an adequate sample at station’ :I'.I JQD often difﬂcult due '

- to the nature of _tM bottom.  Usually only small amounts of _ mteriel were .
obrained. Sanp;ling n;: s.l.ar.i'cn IT ulthla Perersen dredge or some other
type which L.a. designed for rocky héttwsl might Ila.ve yielded qulte_di[ferent -

results.

Plankton X . . L . o n-/

Eutr ion.

; ing from hn:ural phemenn or’
cultu:a.{_a:g&vities, is part of the aging prz;l:eas of a lake and results
from nutrient enrichment with attendant 1ncré.§ees in biologi_cal. pruductléity;-
) decay and aedimental;icn I(Beer_cn 1965; Beel:n_tn and Edmondson 1972; Fruh 1§6J:_
_Greeson 19703 Hutchinson 1967, 1969; Johnson and Vallentyne 1971; Sah;:yer
1966 .aml D‘I:hel's).. \Ac.cordlng to Rawson: (_1956), phytoplankton genera common
to oltglotruphlc ua.:ers 1n‘c1uae Staurastrum, 'Tabeilaria, Cyclotella, D].Ftobrxon,
etc.; eur_rup‘nlr: forms 1ni:lude Anabaena, N klctm::stl.a. Heloslru,. Fragilaria, B
etc_.- These fnrms and others ‘are not nutually eulusive to each trnp‘hlc type
‘as is po!.n:ed out in many i.nstan:es in the literature.’ One such discrepancy
‘i exemplified in the ‘case of a\sterionella. Rm.rnon (1956) zeports this )

genus as ‘being characteristic of oligotrophic uaurs in t_feltem canndn thile
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Lund (1969) Teports it as the dominant eut:_o‘ph‘il: diatem in different parts

o.! Ensl.'md.. FE . . ) .. 0. :,' o
ﬂ:cor‘ding to qualitative 'n_i_anplea taken froma wide' selection of
oligotrophic .!leuluundland. lakes by Davis (..1.9_?2Ia, 19?21:-). the dominant
phyteplankters were species of 'Din.obgon, Asterionella frm;aou and Tabellaria
fenestrata. The genus Dinobryon was frequently and 'rngular].y. docnl.'nant while

" the other two tgxa varied ! e . and sub-deminance in many lakes.

A seasonal quantitative study conducted on Bauline II.Iung Pond (Dg.avia 1973)
showed it to be more or less typ.icall of the ‘island u:i.tual:iun,'huwetar; in.
térms of p_l:ytaplhnktu;l-pmductinn it fell short of Hog;lns.. Pond. (Davis 19%}
- which was described as the:mn.re e.ul:rophie. of the lu,a.'. Blue—gréena, part= "
icularly Microcystis aer .inésa, were of much greater importance 1;_| _the
latter pond, which :o'se:lwr with Anabacna 'floo—nguae Et.lrme_ni_'sneu blooms “in

the fall. Anabaena f los%aguae was the most’ lwportant bl\'.le-green in Bauline‘\ -
1

[.ang Pond and dminar_ed the phy:oplank.ton for awhile duri.ng the summer.,

A sr.rlk!’.ns dlfference betueeﬂ Lons Pond on the 'ona hand and Bauilne -

Long Pond and. Ilouans Pond on the other is the relar_ive absence of net .

’ “bhytuplanktm in the former. = Long Pond phy\:opl.anktun was charac.:er!.:ed by
nannoglanktnn. Slightly zutrnphl.r_ Hogans Frmd recorded numbers of net
plnﬁktun fun:;s Bu_ch as Asterionella fumsa, Microcystis aerugin_osa and.
Tabellaria l‘enes:rat.a : to the. erder of’ ?19 .Sﬂl!_. 950.0;30' and 750,000 cells/
llte; respectively. Palmer (1963) described cla;rks l’nn;.l (Argentia, x;e.uf-_oun.d-—

. land) as rélati\rely clean and \'c'por:'ed values for Asterionella coloniaé,

Cyclotella, Dinobryon and Sgﬁedxa which surpassed those of Hogans Fond to
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- a considerable degree- (299, 1,185, 1,841 and 593 cells/ml respectively).

Thus, in terms of biomsu..,cmp;ved with figures x_au_cii as the;e, the standing
erop of phytoplankton in Long Fond is low, and this is to say nothing of
nunbers mc.ordnd for.wa':ers_ which have been classified as 'eut:ophi'c such as

rd . . K

Lake Erie with total phytoplankton rea.cfa.'tng 9,300 ‘cells/ml (Davis 1964);

Bl.ellham Tarn in northwest England with numbers of Asterionella formoda
E reaching 1.8 = 10? 'cell.sfli:er (Lund 1969) and Abbo.tt's Pond in Ss;neisetshirg,
England with numbers of Asl:eritmella iomosa reaching 15 850 cgl.'lafnl
(Moss 1969b). The massive "uater bluum of blue-green n:l.gaz so charn:::uris:ic.
of polluted lakes in :.he sumelr months were not encountered in Long Pond.

Benthtc Ea'tlm, bottom ty?el aud nutriant levels in Long Pond )

cert.ai'n.l‘_v Indicntn a high degree of mtmphlcntiun. The most obvious
exp':lanatiun for the paucity of phytu:._\l_nnlcton is 1_n r_em‘u of vater replnce.neht..
A high flushing tu‘te has been inversely associated with pﬁy:o{:rlanktmr
production andl-only fn;r:-s which are ch.a;al: I:l:rl:e:i by high reproductive rates
(nannnplsnk&ﬂ, particularly Elasella.teﬂ forms) are a'blz .ta offset removal

. by this pmcesa Giganisms which repruduc.a at almr rates are ss.‘lec_:sd
against and are rmved bu!orn subs tun':ial. nun‘hers can develop (Did:lunln 1969).
-This clearly appears to be the case in lLong Pond as 1ndicated by Table 17,

- Brook and Woodward (1956) and l.srscm (19?2) reported low standing crops of
phytoplanktun in lakes r_haracterlasd by faer_ rcmval. _Sullivan and Hullinge:v
.‘(1969) obtained nutrient levels in onria Lnke Illinnia, capahle of supporting
a uubstantul phnk:m pnpulation but such was not obuerved to be the case,

This lake is likewise subjecl:' to a bigh- El_.lishing' rate although the duthors
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did not ai:ribﬂ?e thels:arcity- of plankton to :hig— l'.aetor or gny other fal:l:or..
In view oll’ the apparent _ovér—rtd}ns ef;'ei:t of water rene\n‘l_ upan. ©

the qualil_‘.)’ and qll.alltit? of phyteplankton in l-ons' Pu;!_d. regression analysis

findings Il‘eaq.u'i.re elucidation in terms of’ thj‘.a fa,n_{tor. Sl:_m:e no data were

Culle;:tzd with respect to wn.mr reneval on a seasonal 'haa.':a (.al: least on

the s:.:mg.'. or.casi:.ons as plankton samples were taken), one canw only speculate

as to the effect it had on the :ulatiu'v;s-h.ips between certain nu:rients_'-a;gd-._

total phytcplankton. It can be argued that the signlfi:;an: inverse-

cn'rrél_atiéne obtatned between nutrients and_tol:_al p_b.!tnphinktnﬁ do n,u.t ;reflect

“the r_elat!’.'onship's between these variables as such but rar.hex; reflect their
" indivigual relationships to flushing activity. Other factors which could

operate to negate regression analysis findings are: (1) the highly ‘variable

supply of nutrients from Sources already described, (2) heavy grazing

pressure during the summer mainly by -éladogerans (see beloy) and (3) the

individual relationships of these factors to flushing activity. Competition

for m;r_rienr.s from marsp vegetatibn and extensive spring and summer growths
:uI benthic al-saé (in the vieinity of stations iI and IIIJ_migh: also be.
important. From :hl_.s it is evident :ha;:l care has to be taken in in:erpre:ing-
the results of such anquses and that face value -r.'oncll-laiun.a can be .'\mry

mi.slcad.i.ng.. . . - A )
There are some ma:‘ked _d_l!f‘xré_nces between the-zou‘pl’a‘r‘lkton of Lon'g

Pond and that reported for Ilu.gnns Pond and Bauline Long .Pand Sy Davis. 'Long

Po:\d zooplankton is inpow:'r.lshed compared |.a-!'.th these ponds :‘nd reastricted

in any substantial numbers to the warmer months; rotifers and ﬁro'tomans are
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of little !.np;:rtance and_':;.uf I:I;n.wdcrocrustacea only D.ap.lmla catau‘hn-al!d

R ..'Bosmlml curegoni assume any real importance. Specles of microcrustacea
a8 common .l_n Hogans Pond and B.aulih_é“Lang Pcmd: which did not occur in
Long Pond are I‘IoloEdium gibberum, Bosmina longispina and C[elog:n scutifer.
The':s:m;ding ‘:‘p of Diaptomus minutus at peak periods was much greater than
Daphnia catawba I._n Davis's studies Ielh..i.le t'|;|e- reverse occurred in Long Pond.
One expi.amltiun for this is in terss uf‘diffl!l:enr:z in response to curfent.
m:ook. and.wooduai'd (1956) found that effectivencss of avoidance of 'bci.ng
carried down the outflow varied with gpecie_s and use-sn;ups of the‘ same
épecie's(- i.ahoratory observations in an experimental trough showed that
whereas cladocerans suim-steadily and continuously against a c;:trent. r_npeiwds_
only l.!egln e swim vlgol‘o‘ualy and erratically when the cu‘rre;ll‘. accele_‘r&_‘tles.
rdpidly as f:;r example near an outflow. Such a lal.:e response cx;ll most likely
b.le-detrimental_. From samples taken near the outflow and below the outflow

’ in a lake uhos'u'rcn.wal time ;s 5 days, theae .l.nws:l.gators were able te show
_that ;:ffecti'v'enéss of n\"old.u:‘m:e increased from nauplius through te adult for
ﬁiagtu-ua gracilis, Adules of Diaptomus were less effective gh.an ng‘hnla
h!alli.na VAT. laclusr.rls, however, the status nfl Juvenile Dagi'm!.a was not
specified. Bosmina ubtuslrnaltris ‘;aa alsao fulund to }“;E nlu:lre effectlve. than .
adult Dlaef;clnua. The zooplankton of this lake. was de‘scribed ag m‘nnspecific
in nature in favor of Daphnia. L o

¥ A possible explanation for the preponderanc..e of Diaptomus: adults

and stage I indivlauula in _Luns, Pond thrnushoilr. nos_t oE_tIle' time the specie.s

. . £
were present is in terms of differences in rheotactic response on the part
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of the djfforcn.: stages of its life histor'y' coupled with high levels of

. reproductive activity (judging by the number _of flemlea carrying spei‘m'to-

phores and the large humbers of nauplii in relation to copepodids as -
shown in Fig. 20). Stage I copepodids seem to be produced in such quantities

as to ensure that enough are present to eventually reach the adult stage, .

. which, because of its greater size is better able to a_w:-i.d the outflow an‘d

tﬁeiefo:e remain longer. . ;

In addition togpossible greater abilit)r/an the part oE.--DaEhni.a
catawba and Bosmina coregoni to avoid the outflow than Diaptnmus nlnur_u.!,
overall rate of development of the former appears to be in gr-esr_ excess of

the 1a|_:|:er.. The numbers of Cladocera in Long Fond during the summer of 1972

were comparable to nuibers found by Davis (1968) in eutrophic Lake Erie.

Two of the most 1mpor:an: fa.c:oru controlling zooplankton abundane.e ;n lakes
are r_emperat.n're and food (Edmondson 1964, 1965; Hutchinson 1967; lssl:alas.
.

1@:2)‘ The quality and quantity of food in Longll’ond appear ta Iae :onducl\re

_ to the support of large populations of mi.u:mcrus.ta:en. B.ealizlns- the fact

that byteria and detritus may contribute substantially to the food of

: . , .
.cladocerans in Long Pond, heavy grazing pressure on mannoplankton is

indicated by the apparent aupresaim f these forms during the time cladnr.erans
Were present. Acenrdlng to Brooks (1969) Gliwicz and Iﬂ.l.lbricht-ll.'knuskl
(19?2)'. Hutchinson (1967}, Kalff (1972) and Lund {1965), prime food for

filter feeding _soﬂplank_:bn' consist of pa.rl:iclaa of nannoplankton size

(€64 microns). The implication from regression analysis is that nanno-

" plankters are cropped as they are produced and kept at low levels. Such
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’ cuu},d also be annther explanation for the relativﬂl‘y low numbers nf

.. . | ‘g 5 L 1 .
- production on an indivillual basis must be very high-during perieds of high
N T a 1 £ =
._temperature in order to survlvg the ccnblued effects of both flushing and

: gza:lng. Again ‘.I.t nust be emphasized that regression analysis Eind‘nga

(phytuplnnktnn vs. temperature; zooplankton vs. tenparal:ure, znnp.‘lnn};t_nn V8,

pr_tyu{'plnnkmn:.have to viewed in terms of probable individual relationships

With rzspec: to the micmcruatar_ea listed abgve as common to

-Hogans “Pond Blld Bauline Lcng Pond but a‘bscnl: from Long Pond, it may be thst
'devslopmen:al time of these indlv!.d\xa].s is auch _As to prevent their

existencc in rela:iw to a h!.sh Tate of" uater renewal.. Alternatively, their

' A \,

absence ‘may be due to some facFsrT or factors related: to pollution. ‘i.'bg.u b

D].BE tomus mlnu tus.

Brook and Haoduard (1956} com:l.nde that produ:tivity of laMs

. :‘naranr_grized by a nig‘n :al:e of water reneual can bes: be assessed by the
_ar_udy and measurcment of p.‘lan:s and animals more sta'b].e :llan plnnkmn, Eor

" example, I:ol:l:um fnuna and at:ached nlgal :otinmnil:l.es, u'hl.ch are not dire:_:ly

at’!ected by changes in the ral:e of wateg [lw!’.ns l:!wough. -This is cléarlyr .

demnatrated in the Lons l’cmd stm‘ly.. - t ) % e



.meﬂt quotient ~of- thE “pond is- approxinﬂtely -ﬁ 5 days Just afte: ‘the a

-melt; it is greater Jthan I‘_hi.s but less thnl\ 13 dnys during the susmer,
) 2, Five stations were cxu_mined: station I was lo:n:egi in the '
pool prior :‘u the main bedy ;ﬂ' .Lhc' ?o_nd: station ill_mar tﬁe_ runcff into
Renndie's River \.and s.;.ﬁt‘lons 11, _\f and IV Euﬁed a transect npl;rm_d@ai:ely '
. m!.dnay_lie_tween stations I ?nc_l'lull The pﬁysicoche-lcal En\rimnm;nt_alid

bénthos were examined:at all stations; station V was examined on a vertical

basis {0, 2.5 and 5.0 m).wtth_;respecl__ to physlco:hemi.ﬂi parale_tel-'s and

. plankton. o . R - ' - .
: e N - . vl L. R
X Tempera‘ture ve:.tiul heterogenelty may bé™jue to interplay .

in terms of denslty between the “lotic and lentie envlromnta zeanlr_ing )
fmn differ.enr_ials in response to diurnal fluctuauoxgs in air teuperatum.: )
4. The prenounced thermal ltmtlflcation over the deepest parl:
R “of the pumi in July 1973 and its subsequent breakup within the period of a ..
few weeks possibly resulted from a sudden rise in ‘air tumperal:ure follnuud
by's sudden d.enranae. No -inverse Ist\'n:lﬂcuion was no‘tcd during the
wiul:al:, I:I\i.u is due l.u :he :oolins e[ie:t of Learys Brouk. _
. ' 5. 'rhe results of nne-uay analyais of vnriinfe shwed coucen:-
S s ral:ions of total auspcnded matter to be sl.gniﬂ:ant].y greater at sutl.on II

(forr.hn!.shtly sanples). Thew was no ai.gnificant differenne 'bstmm :Iw

. -
three depths of at_al‘_iun V. 1 in, ..rlon of total ded
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matter during the day and .lnr.raaae duri.n.g the nj,ght .(samp.].eeL taken every N

o |
twelve hours) are reflectlve of peak coﬂ‘atrnctlan along the 'course of .Lum

' Bl:ook during :‘ne day folluue:l by cessation nt tha najnr part of such

\ : acrivity durmg the ni.shr.. " ) - L .
. 1="

———— '6. The phys.'l.c'al anaﬁsenent of station I with its iﬂsdm:.:icm in

. current spaed appenrs r_o “be respmib.‘le {or :he greate'r can:eﬂtrati.ons of .

ta:al auspcndcd matter and rate of sedlnenta:ion as cnnpared \dth “Ehier

other stations. .

7.. The results of ann-wa;} analysis of variance showed concent-
rations of total 002, free [:02 and BOD to be significantly g_:eutér at
station I. There was no significant 'differey he:we_n_s:atinna iﬁi:h '

respect to the a':her chenical parameters. There was no significant
. difference’ he:ueen depr_hs of station V: - )

B: Station I can be likened to a lagoon. used in uas:e treataent.

During the sunmer when rete!\tlou time l.s g:ear.est, high tempera:ures mnult
in cc_msldelra_blo BOD removal f\'un ua_:,e_r lenving this’ auéon. the reverse

. occurs during .tl,e_ui}.'\_l:‘er in that a greater amount o.f de;oqpoéahlc ml:ex_;i._nl :
gets out .l.nto the rest of .l:‘n-e.pmd‘ Attendant with hig]lz d.econ_lposition ral;es L
are increases 1n'ce_rta.1n' nutrient concentrations. 02 depletion Inf. a _di.urn,ai..
nature paasihly"o:‘i:uzs at at‘ati.cm‘ 1 during periods of high temperature. This .

" could -rles.ul't in the re].z'a'se of nutrients from the a_.edlnent '1ritn_. the watet. .
Hutrient levels i? wns Pond aré _!'.lidi.cati\re of.- eut_mp‘t,l.utm_iu )

9. A dengity .curre.nt‘ ‘.p_e'rgis:e_d url.de'r_the 1oe_'dur§.ns-.t!le winter
) ef"lg?]; Thig was due I‘:o'tfle_ use of road Bal..t ‘on city ﬁtrent}. and ggant]‘,y . ...

- = J - — -
o . . . - i .o L~

e
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increased amounts of -total suspended matter emapating from comstruction-

-activity on_the university campus. o e . - ) f
., . ) © '10. Flushing activity '/:n ;lery mpoéun.t._!acto:_when éaaesaiﬂs
g -c‘yclil:‘ tendanclzs of chcnical‘par&netera' 1n-[.un§ Pond: Certain’ parsn;at‘ei'é

(BEID, 'EBS. a1kalini|:y, hardnga.u) shoved na:ked d F in ration,

during peri.oda of Imavy Elcoding (spring and fali} as compared. u-ith summer "
and w.inmr when duu:ion is‘ less and retention :ine greatest. Ni!_:rage:!r

TR and phosphorus were variable in the!.r telat!.nmhip to iiushins which was
- mcsl: ll'ke.ly due to supply ui.th rnapect to nmnff. . ' .

. Loa E ll.. BDLh spacf.es cunrposir_tun of benr_hos and aiverai:y i.nde'x va].uea
. o
| L4 @ I.ndlcate ‘that stations I and V are pollutpd with :he former being by

- ra: thg wnrs,t he other atatims are. nuderately polluted *This is in line.

. o with’ physfconhamil:al .Eiudings § ‘. - ., . car -
. = . ‘12. Caru:cntrations nf :he mjor pol].uta‘nts tsnded to 1m:ruase uith
o

Ta : r.!.m over - l:hé :wn yesrn of sampli’.ns. ‘I‘his m_: with a similar response on

ts of - t'ne‘_' hos. .. v,

r_he part of certaln

i 13. The 'phyt.)plmkton of Long Pnnd u charac:a:i.zed by naunnplankr.an
" as uppused l;o‘net planktuu Eorms This 3.8 related te, ‘t‘na hlg‘l\ ilushlns ute

of the pond in that fozns clmracl:el:ized by slow reprod\lcti.ve rates are selected

Jagal_nst . R .

lfa - The prepondarance of r_apzpod:lﬂ atage I individuals and adults

| of D.tagtauus mi.nur_ua cmpared ui:h intermedinte stages is possibly ta.‘latzd

- - to diff:j’nces An. r‘hnotaet!.c \'“ponn on th& part of the varl.nua nl:ngas af .

dts 1

history ‘coupled with highlle\rels oI reproductiv_e--_agti.v.l.ty on the

. . v



_' part éf !.ndj..v!.dua.ls which a:'e a‘ble 2 rmﬁ m'ntuﬂ..t'y‘ " Adulgs b'euus'a_. of.
f "
t‘rvzi.r greater. .ise. ate better able tn woid tlu: out!lou ang th re!org

rmin].cmgnr.. " i ' o

:15_.. The - succt}aﬂ nf lad ans over pepod appaara to be

. related to. a srutcr a'bility on the part of the forlner to aveid the. outﬂaw

) and a Eaatet r.werall rate aE develapmﬂt‘ The quality and. quantity of Euod

. is such that .ﬂ; ~can support large pnpul,atinns of microcruntacea Tak‘lu.g
bal::erln and detrltus aside, :here appears to be heav}r grazins on nanno-
p].ankl:ars . ’ . oL T, _

. -lﬁ. In additioﬁ to rate oE d.welcvpment in mlattan to Eluahinz

N nte, the nbaence of. mierocmta:eanx preaent in nea\:'by lmgana anl and

.Baull.ne Long Pond pluu the Tow nudtbers of copepods might be, :hE-re J\E oi—-—
soge factnr or Iac'tuu telated to pollution,

17, Al], rggrzsstun analysis’ findi.usa have to be assessed in’ tem
of imlividual :elationshi.ps to f.'luahing rate. face value concl.usi.oua can

) ,'be very N’.a}.eadf.ng.

4
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Appendix la. ‘Daily na'xi.m.ug and. minimum temperatures (°C) for the month. of May, 1972,

Date .o ¢ Max. Win,© . Date. CoMax, © Min,
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“~Appendix 1b.  Daily maximun and minimum tesperatures (°C) for the menth of June, 1972. -

Date ‘Max. ) - oMim.” Date - - Max. . . Min.

v
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Méan maximum temperature -17.1 °C; mean minimum témperature -16.4 °C.



. Appendix le.” Daily maximum and minimum temperatures (°c) for the month of July, 1972.
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7 Lone "19.0 23 16,9 16.7.
. 8 9.0 19.0 SETI 17.5 16.8
. IR 9~ <90 “19.0 Tas o 17.5 . 17.3
S I N S 19.0 26 FE I
J R e 104, 19.2 2 are 17.4
o oz s L 1900 28 we Ll s
’ 13 . . 2000 L, = 19.5 297 1.6 . 7
I T T S 1901 a0 17.0°, T 6.8 ’( o
EECIEE 19.9 19.8 3 16.9 " 16.7
15 T~ 2000 19.6 .. -7
. I
) ., ’ Mean ——— temperature -18.7 °c; mean nintmun temperature - 18.3 °C. \“ &
. . /.
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.Appemii); ‘le.* Daily ‘md i

tures. (°C) - for -the-

Max. . . Min.

Max.,

. 4
17.4
T 16.8
.
16,6
16.6
16.4
164 C 162
6.4 . 16.2
6.6 . 162

6.0 0 s
15,74 T 188

s - - s

€
A N

143 TL163L

i e
16,00 - A16.0

14.5

1501
15.0. ¢

15.0

‘148
BUNE

13.7
13:7.
135
13.6 -
LN
12.3
1.1

<7 1Le

_ma'n.: R— temperature -15.0 ®c; mean ainioum ‘temperature ~l4.6 °c.

=on

th of September, 1

-wr -




-

Apperfi.jlf.; Datly maximun and wininus

~

s.(%) for the month of October, 197

Date ° ¢ Max. . Min.

- Date

Mazx:

. Min.

R S T T
-
i .
-2

1280 1206
L T T B
b7 - 132

R R A

L L 11
SRR § 5 - o110
B T1Lo- 0.8
e o 1009
e 127 - 10.9
: S 1

A}

-
- o
-
-
m =

1044
9.8
9.8
9.9

-
W
1
o e o
w e &

o
o

9.9
9.0° . . 8.0

Yy

L

17

1§

L0

I
C22e

23
24

‘26

29

"3
a1

" 8.1

8.1

- 8.0

T 1.8
BRI
STz
T 7.0°

6.3

6.3

.'5‘.5...'.-
1 6.6 .

6.6
6.6

w3

. .‘-?.a__l .
7:8

T  Mean. 'muinm_ (em'p-e-r'at'uté ;‘9.5'06; mean

e Y,

minimum: temperature -8.6 °C.

- STT -




"

) Appendix lg. Daily u_axmw-a.l_ld minim

um templrat_ul'tzu (%} for the month o! Nov.ea\nbi;:,_ 1972, - -

Date

Max. " Min:

pate 7 Mak. -

s e e e e
[E S R Tl Y

W N e oW R

7.0
6.0
5.0 L Lk

C B -
[ R
3.9 )
3.0 : )
1. 3.0,
TS U W
TieL . 30
LR A
42 - 0 38

3.8 30
S0 XS
40 0 38

£t

16 R

18 2.7
BUAN 2.5
20 0. 2.8
217 - . 30,

2 3.0

23 0 . 3.0
Lk L 20

" Mean maximum

- DTS
temperature -3.8 "C; mean uiuiums

temperature -3.3%.
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