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Executive Summary 

Oil or qi.|-d_isperisa_nt: m.ixtures were added. to .l_ar9§ 

lined freshwater ponds at oil concentrations of 10.0 ppm 
if the oil'was completely dissolved. The water column : 

bibta W33 Sffiffipiléd fe§Ul$f|'V béfofé find: iftéf tfééfiifidfitr
h 

as were the nutrients, dissolved oxygen and major ions. The 
water column biota included bacter'ia,fungi, phytoplankton, 
metazooplankton and protozooplankton, in addition, the 
attachfled i.natcria[|-.- fzjoebenthcs. .nel<:t.o.h and surface insects 
were monitored. By combining the composition and 
abundance of different components of the biota and the 
fife Of the 69 6? 6i:l-diifbéfiéfif Ifilixtllféi. it Wafs DO.SISi:b_|é to 
ascertain the impact of the oil-dispersant mixtures and 
to compare, this with the impact of" the oil alone. This 
enables those responsible for oil spill ‘cleanups to determine 
whether the benefits; of u"s’ing a diifspersant outyoifiglh any 
d.é.|eteriOus éfféCtS.- 

For the first nine months following treatment, the 
impact of ‘the ‘oil and dispe’rs‘arit- miicitujre on thegbiota was 
rnoire sévere than =t.h_a't of the oil a.|9r.I.e.e This was noted in 
the greater populations of heterotrophic bacteria, fungi 
and periphyton_,f the elimination of zooplankton; and the 
alteration of the phytoplankton. Oil as Well as 6'il-dispersant 

’ t'féatifié'tits eIli‘r.fiiri_at_‘ed suorface i.nsects; .red..uc.ed the zoo- 
benthos and altered the protozqoplankton. Afterthe. spring 
of the following year, the water column biota was similar 
in all of the ponds including the control pond_._ The only 
'V'6s‘t.i§e Of the iffihéét of -treatment was observed in the 
periphyton and zoobenthos results, which indicated that 
there was a residual effect by the oil remaining on the 
bottom; ‘ 

The iresults show’ that there is a grea_t_e_,r« initial impact 
on the biota caused by the oil plus dispersant than by the 
oil alone. The resultsfrom the pond study, where the water 
was not exchanged, can be extrapolated to more open 
systems in which the influences of cur’re’r'it-, diilution a_n_d 
shoreline must be considered. 
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Abstract 

The impact of oil-dispersant mixtures on indigenous 
aquatic ecosystems was monitored and compared with 
similar systems containing,‘ oil only or left untreated. This 
study was cajrriled out _in large lined outdoor ponds. Suf- 
ficient oil to give 100 ppm was added, Vbut _only‘ a small 
percentage of this was found in the water column. The 
dii_sper’sar’it, Corexit« 9527,_was initially one fifth of the oil 
concentratiotn. Compodnents of the food web investigated 
for this report include bacteria, fungi, phytoplankton, 
attjachied flora, zooplankton including protozoa, zoo- 
benthos and surface i_nsects as well as ‘a range of water 
quality parameters. The oil that was i_n the water column 
or deposited on the sediment in the oil-treated pond 
red_u_ced the zooplankton and protozoan populations, 
eliminated surface insects and affected the zoobenthos 
at least for the first nine months after treatment. The 
oil also enhanced the fungal recoveries and altered the 
bacterial commujnityj. Little or no effect was noticed on 
the phytoplankton, periphyton or the aqueous nutrients. 
After the spring thaw of the following year, most of the 
affected biological components recovered. In the oil- 

diispersjagnt-treated ponds, zooplankton and surface insects 
were edlinfinated, there were pronounced shifts in the 

— bacterial and protozoan com,my'nit:ies, and there was 
an unstable phytoplankton community as well as_ Llajrge 

increases in weight of the attached material, enhancement 
of.the geo-aquatic fungi and alteration of the zoobenthos. 
In addition, several of the water chemistry parameters 
(nitrate, ion, dissolved oxygen and dvissolved organic 
carbon) were influenced over several sampling ‘periods by 
secondary effects of treatment. Afterone year one of the 
oi_l:-dispersant-treated -ponds had recovered in comparison 
with the control pond, and the other oil-dispersant-treated 
pond had nearly recovered. 

viii . 

Résume 

On a étudié Ies effets de mélanges d’u_n agent de 
dispersion et d’hydrocarbures sur des écosystémes aqua-‘ 
tiques indigéines et on Ies a corriparés aux‘ résultats obtenus 
dans des écosystémes semblables exposés in des hydro- 
carbures seulement‘ ou laissés inchangés (témoins). Les tests 
ont été faits 5 l'e”x‘t'érieur dans de grands bassins aux parois 
doublés. On a ajouté su'ffisarnment d’hydrocarbures pour 
que leur concentration fat de 100 ppm, m_a'i_'s' seulement 
un faible pourcentage de cette concentration se ret_rot_i_vai_t 

dans la colonne d’eau. lnitialement, la concentration du 
dispersa_n_t, le Corexit 9527, représen'tait un cinquiéme de 
celle des hydrocarbures. Le réseau trophique étudié com- 
prenait des bactéries, des champignons, du phytopdlancton, 
Ies p|_ant_es fix;ée‘s, du zooplancton (y compris des pro- 
tozoaires’), l_e zoobenthos, et des insectes de surface; on a 
aussi considéré divers paramétres de qualité de |’ea’u.~ Dans 
le bassin e’x'po'sé aux hydrocarbures, ceux-ci ont réduit l_es 
populations de zooplancton et de protozoaires, éliminé 
Ies insectes de surface et eu un effet sur‘ le zoobenthos 
pendant au moins Ies vneuf premiers mois de l’expérience; 
de plus, la production de champignons a augmenté, et la 

population ibactérienne a été modifiée. On a observé trés 
peu d'effets sur le phy't‘opla"n’cton, le périphyton ou Ies 

éléments nutritifs de la phase aqueuse. Au printemps 
suivant, aprés le dégel, la plupart des paramétres biologiques 
touchés sont redevenus normaux. Dans les bassins exposes 
au mé'lja_r_ige, le zoo'plancton et les insectes de surface ont 
été éliminés, il s’est produit d"énormes variations chez Ies 
populations d_e bactéries et de pr'otozoaire's, Ies populations 
de phytoplancton sont devenues instables, la biomasse des 
plantes aquatiques s’est beauooup accrue, la production de 
champignons géoaquatiques a augmente, et_ l_e zoobenthos a 

subi des modifications. De plus, plusieurs parametres 
chimiques de l'eau (le's' ions nitrate, l'oxygéne dissous et le 
carbone organiqtije dissous) ont été modifiés pendant une 
période couvrant plusieurs échantillonriages par les effets 

secondaires du traitement. Apres un an, un des ba,ssi_n‘s 

exposes au mélange était redevenu normal, comparative- 
- ment au témoin, et l'autre était presque normal.
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|l’1ff‘OdU“G‘flOI1
_ 

Accidental spills of petroleum and its products in the 
aquatic environment occur frequently. Quite apart from~ 
ecological ‘effects, the aesthetics of the situation necessitate 
the cleanup of the spilled material. Usua_||y c|ea_nup is 

restricted to rnec_ha_nical methods which reduce the amount 
of oil in contact with the environment. Yet there are 
instances in which mechanical cleanup methods cannot be 
used, and other methods must be considered. One tech- 
nique is the application of dispersants. Before such methods 

’ 

a_re contemplated, it must be shown that these methods 
are less deleterious to the environment than the original 
pollutant. 

There is a large amount of material published on the- 
effects of oil pollution on aquatic ecosystems (1,2). The 
reports cited in these bibliographies generally involve case 
histories of spills or laboratory experiments which have 
a limited number of biological speciesin each test. Inter- 
m_e_d:i_at'e to these two extremes are a smaller number of 
reports which consider planned spills on lakes (3,4,5) or 
large outdoor ponds (6,7). These experiments permit the 
evaluation of the aquatic community prior to any treat- 
merit and, if there are control areas, the direct comparison 
of the treatment with the controls. In addition, as with 
the case history method, a wide variety of samples can be 
collected over an extended period of time and analyzed by 
professionals in diverse fields of expertise. Such outdoor 
experiments experience the wide range of environmental 
factors that impinge on natural spills. 

By using large" outdoor ponds, the authors examined 
the effect of oil and oil-di_spersant mixtures on the indige- 
nous a'q'ua__t_ic biota. A description of the fate and distribu- 
tion of the oil and the oil-dispersant mixture has been 
givenin an earlier report (8). In this publication, the authors 
will report on the bacteria, fungi, protozooplankton, meso- 
‘plankton, zoobenthos, phytoplankton and the water 
chemistry p‘a'i"a‘meters of alkalinity, dissolved oxygen, 
phospthorus, nitrogen and sulphate ion. 

Each major area of study is chapterized, and the 
names of the irivestigators responsible for those results are 
li_sted. The formal discussion in Chapter 6 interfaces the 
biological findings with the oil results and, considers the 
areas in which the pattern of one set of results is reflected 

- CHAPTER 1 

by those of another area. The'append_ices' contain results 
from ancillary laboratory studies or more detailed lists of 
data. 

‘POND PREPARATION AND TREATMENT 
The site selected for this study was at Baie du Doré, 

Ontario, opposite the Bruce power plants on Lake Huron. 
Construction details are given elsewhere (8). In essence, 
one large pond (22.5 X 9 X 2 ml was divided app‘r‘ox_ima_tely 
equally into five ponds by se'parat_ing each "su_b-pond" 
from its adjacent envirotnment with four layers of contin- 
uous 6-mil black polyethylene sheeting, including the 
bottoms. This gave individual self-contained ‘ponds of about 
4.5 x 9 X 2 m. A 5-cm layer of clean gravel containing silt 
and sand was placed over the bottom of the ponds on‘ the 
liners to provide sediment. Additional gravel was placed on 
the sides. (The particle size distribution of the gravel is 

given in Appendix A.) Water from nearby Lake Huron was 
pumped into the ponds to a depth of 1.5 m. Adjacent 
ponds were separated by eight layers of polyethylene 
falling vertically from support beams. The polyethylene at 
the sides was buried in the earth and the perimeter of the 
ponds was mounded with gravel to limit ex‘cessive water 
runoff into the ponds. The only input to the ponds was 
from the atmosphere or in the form of runoff from rain 
or melting snow. 

The construction of the ponds was completed in 
September 1977, and the ponds were left -to equi,l,ibrate 
until January 1978. At that time, sampling was initiated on 
a regular basis. During periods of ice cover samples were 
collected once a month. When there was no ice cover, 
samples were col_lect_ed every second week except ‘at the 
time of treatment when the samples were collected one 
week prior to, immediately before, 24 h after, and one 
week after treatment. The ice cover over the ponds melted 
in April of 1978 and formed again in early December. 
Treatment occurred on July 5, 1978, when 6 L of oil was 
added to each of three ponds. In two ponds, was 
pre-mixed with 1 L of dispersant and 13 L of pond water. 
As in previous studies (6,7), Norman Wells crude "oil was 
used and Corexit 9527 was the dispersant; both were 
supplied by Imperial Oil Canada Limited. For treatment,



th,e.0_i,|, or oil mixture was poured from a catwalk over the 
ponds, dhropphing about 1 rn onto the geometric centre of 
the pond surface. 

Ponds were assigned the numbers 1 to 5, with ponds 
Nos. 1 and 5 being‘ the two exterior ponds, No. 1 being the 
closest to the lake. Pond No. 1 was the most westerly pond 
and pond No. 5,,the most easterly. Pond No. 5 was.s.haded 
i_n the early morning by tall cedar trees. The supporting 
beams between the pojngzls c‘_a‘us'ed shadows to cover onehalf 
the‘ bottom of the "interior ponds by mid;-aft_'errloo_n_. Ponds 

Nos. -1 and 3 received the oil-adhispersahnt treatm_ejrlt~ and pond 
No. 4 was treated with oil only. Pond No. 2 was the control 
pond and pond No. 5 was left in reserve as an auxiliary 
control pond. In the interior treated ponds, the concentra- 
tion of oil would have been 100 ppm if-‘af:ll of the oil had‘ 

completely dissolved in the water column-.« For pond No, 1., __ 

because of its slightly larger volume, a‘ theoretical value of 
70 pprrjl would have been expected. The theoretical concen- 
tration of the dispe_rse_r_l_t in pond No. 3 would have been 
20 ppm if it had completely dissolved 5nd in pond No. 1-, 

.15 r'n>‘r.n_..



CHAPTER 2 

Phytoplankton, Periphyton andjwater Chemistry 
by Brian F. Scott and Valanne Glooschenko 

METHODS 

During [periods of ice cover, a clear 2-L Plexiglas 
Van Dorn sampler was utilized to'col|ect water samples 
from just below the ice surface, at mid-depth and just above 
the bottom. ‘These samples were combined into a composite 
sample, of which 1 L was placed in a sto_rage bottle con- 
taining modified Lugo|’s solution (5 mL). Duringperiods 
of open, water, four sampling lo_cations in each pond were 
used, and the samples were collected from near surface and 
near bottom, resulting in eight discrete contributions to the 
composite sample. On two occasions, one at 56 days after 
treatment and the other at 356 days after treatment, the 

A 

eight'subsamples were analyzed individually to ascertain the 
patchiness or heterogeneity of the phytop|_a_nkto_n in the 
ponds. All treated: samples were stored in a dark cool 
l4°Cl room.- 

At the time of analysis, the sample bottle was gently 
_ 

shaken and an aliquot of the contents was put into a 
50-mL Utermohl settling cylinder which was placed over 
an Utermohl counting chamber. After sufficient time 
for settling, the cylinder was removed and the counting 
chamber was placed on a Leitz "Divert” inverted micro- 
scope; then X 400 magnification was used for enumeration. 
Organisms greater than 5 pm were counted in several 
0.25.‘-mm strips; smaller orgariisms were counted over a 
smaller area. Between 200 and 400 cells were counted 
for each sample and a replicate was performed on at least 
one »sar_ni;_il_e for each sampling date. These counts were 
're’po';rt_ed as the number of organisms per litre. Average 
cell (volumes were recorded for each species and mese 
values were converted to biomass, assuming a density 
of 1 g/mL (9). Smaller algae were identified by X 1000 
magnification under oil. Standard taxonomic sources 
(10,11,12,13,14,—15,16,17,18) were used. 

Pejri,phy,t9,n was collected from blasted Plexiglas 
plates. These /plates, measuring 7.5 x 7.5 X 0.5 cm, were 
anchored vertically‘ on weighted platforms which rested 
on the bottoms of the ponds. During the ice-free period, 
the platforms were raised once a month, and a minimum of 
two plates was removed. With the aid of toothbrushes and 
distilled water, material was brushed into small 250~mL 
bottles which contained 3 mL of modified Lugol's solution 
and then stored, as was the phytoplankton until analysis. 

Immediately before analysis, the contents were placed in 
a blender and homogenized; then the material was returned 
to the bottle and the volume was adjusted to 25.0 mL. A 
known aliquot was then filtered through predried and 
weighed Whatman GF/C filter paper. The filter paper was 
dried overnight at 85°C for the determination of the dry 
weight and. then heated for two more hours at 500°C to 
obtain the organic carbon free (OCF) weight. 

Water samples for chemical analysis were taken from 
the composite samples, treated at the site and returned to 
the laboratories on ice where" they were analyzed for NH3, 
N02, N03‘, total Kjeldahl nitrogen (TKN), unfiltered and 
filtered P, dissolved reactive P, dissolved reactive silica, 
alkalinity, dissolved organic carbon (DOC), S04‘, Cl‘, 
Ca” and Mg” using standard methods (19)._ Snow» samples 
from the immediate area were melted in clean vessels an_d 
treated like water samples. Aliquots for chlorophyll analysis 
were taken from the composite, and a known volume was 
passed‘ through Whatman GF/C glass microfibre filters, 
with the residue on the filter paper being kept away from 
light, and returned to the laboratories on ice. They were 
stored at -20°C until analyzed. When the eight subsamples 
were collected and stored separately on August 29, 1978, 
for ph'yt_o_pl,ankton analysis, additional water was removed 
from each of the eight subsamples from ponds Nos. 1 and 
2 for chlorophyll analysis. Chlorophyll content of the 
material on the "filter paper was determined using a method 
recommended by Burnison (20). Dissolved oxygen concen- 
trations were determined in situ using a Yellow Springs 
Instrument Company oxygen meter equipped with a probe. 
Readings were taken just under the surface, at mid-depth 
and -near the sediment. 

R ESU LTS 

Phytoplankton 

Prior to treatment, from spring to early summer of 
1978, all of the ponds had significant contributions to 
the. phytoplankton from Chrysophyceae, Cryptophyceae, 
Chlorophyceae and Dinophyceae, as shown in Figures 1, 2, 
3 and 4. for ponds Nos. 1, 2, 3 and 4, respectively._ Lesser 
amounts of Cyanophyceae and Bacillariophyceae (diatoms) 
were also noted. Ponds Nos. 2, 3 and 4 experienced a
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Table 7; Qualitative Zoobenthos Analysis of Individual Samples from Ponds Nos. 1 to 5 According to Sampling Date 

Organism 1 

78.07-os 
2 4 5. 

78-08-02 '78-08-29 _7s—o9.—. 26 78‘:—‘11-—2_1_ 

1 2 3 4 l 2 3 4 1 2 3 4 1 Z 3 4. 

Phylum bMollusca 
Pbysa sp. 

Phylum Cnidaria 
Hydra sp. 

Phylum Archropjoda 
Hyalella uateca 

Subclass Ostracoda 
Order Ephemeroptera 
Epbyemerasp. (naiad) 
Caje:n.isisp‘. (n_aiad) 

Order '1‘rich0P:e,ra (larva) 
order D'ip’t’e'i’a (Iain-we) 

~ Cbrjysops sp. 
Cbaoboms sp. 
Procladius sp. 
Cbrypytochironpmus sp. 
Micfopsectrd ‘sp. 
Tanj/tarsus sp. 
Pseudocbiranimus sp. 
Endocbironomus sp. 
Clqdotanyrqrsus sp. 
Psectrozanypus sp- 
Ufiidexitified Chiron'o'mids 
Chironomid pupae 

X: 

><><-><

X 

XI 

xi 

><><><

X
X 

X‘ 

XX 
collected on J anuary 23, 1979, contained no zo'obentAh’oVs. 

‘Organisms contained in the zooplankton sample collected the same day. 

Pond No. 1 

flfibdbpcwanfi‘ 
No.'in 

- Zoobcnrhos; 

Arthropojda 
W I 

Ostracoda 
Asellus ‘sp.. 

Insecta - 

Zygoptera 
Trichoptera 

Diptera 
Cl2ryp_tacbirQgz‘9‘zr{us sp.

' 

éra«;41adiu3' 515 .
" 

Otheflchirdnornidae . 
v’

' 

<-.II-t~')'4z‘n- 

Pupae 

Oligochaeta 

Mbuqga 
'Pbysa sp.-' 

-Planorbidae ~ 

2.3.4 
323 

1457 
636 

""'I:‘i"eatments'are indicated in p:‘:.ren't:hes:es. 
1~Mean individual volume x 10‘ (;im’). 

20' 

Pond No. 2 
(control) 

No.'i_n 
W’ 

Id 

2 " 40.0 

sample Vol.-TU samplc Vol. 

5.45 

4.27 

7725 

Pond No. 2 
(control) 

No. in 
sample Vol. 

227 

64. 3 

X. 

Pond No. 3 
(oil-dispersant 
upper level) 
No. in 

X! 

X‘ X‘ X‘ 

No. in 

Pond No. 3 
(oil—dispersant 
lower level)

X 

X‘ 

><><>< 

Xi 

Table 8. Zoobenthos Abundance and Volumes Derived from Samples Taken July 24, 1979 

Pond No. 4 
(oil) 

No- in

X e 'X_e 

Xe 

.P.o.n_d Nod. 5- 

’(c'('>‘x'1t‘r;o_l)___V 

No. in 
s'am'ple,Vol.. sample Vol. sample Vol. sample Vol. 

321 
14 
3o» 
51--. 

v 1 

‘:114 
324_ 

.23 
' 12 

e224 »> 
29.3 ' 42 
‘ 

9.0
' 

1069 

78.5 
87.4 

- 124.6 
A 148.1‘ 
‘1o3

9 
is "240 

»11 '11s= 
26 244” 
-3 ‘"160 
)1 “1780 

“2 -?'s’77'5
'

1 
12. 

4oz‘ 
'= 

71.0 
1,384- 

‘ 1060 - 

477’
. 

'1so7.’ 

3062f 
'“58os‘



Table 6b. Comparison of Zooplankton Sa’mplir'ig" Methods for*Sub'sa,r'n‘ples’Ta.,ken July 5,- 1978, from Pond No. '5 

Position No. 1 
1 

Position No.2 Position‘If:I9.._ 
_ 

Rosition No. 4 
S-P trap’ S_an_1pler'l‘ S-.P trap Sampler S-P’tra'p ' Sampler S-P trap Sampler 

Zooplankton A B A B A B B A B A B A B A B 

Rotifera 

Polyanbra l 

vulgaris 
N 132 10.6 166 134. 475 38.0 478 38.2 128 10.2 56 4.44 2624 210. 395 31.6 

P. major 79 24.6 25 77.5 351 109. 391 129. 58 18.2 10 16.3 224 69.4 86 25.9 
Keratellg crass_a R A 

Leciiile sp. R 0.02 R 0.02 l 

Brucbionus sp. R 0.17 

Crustaceu 

Cbydonls 
spbaericus 2 2.66 R 0.12 R 0.12 

Dapbnia sp. R 0.59 R 0.20 2.03 R 0.21 R 1.48 R 1.69 , 

Bosmina 
longirostris R 0.59 

Alana sp. R 0.41 R 0.34 
Scapboleberis 
kingi R 3.58 R 0.13 2 11.8 R 0.24 

Diacyclops 
bicuspida'tus 

' 2 5.43 R 3.15 R 0.72 3 7.48 2 7.48 2 8.20 
Eucyclops 
serrulatus R 1 .90 R 0.5 1 R 0.47 

Tropocyclops 
prasinus R 0.19 R 0.10 

Diaptomfis 
oregonérisis R 6.53 4_ 32.7 4 59.5 2 25.2 1 15.3 R 2.58 4 66.9 2 21.2 

Nauplii 7 3.81 22 14.5 10 7.51 3.64 . 4 4.31 29 14,2 7 4.90 17 12.4 

Cbaoborus sp. R 18.0 R 29.2 R 135 R 15.9 R 5.22 

Total H9 4T0 T95 33? 3?} .224 394 214 192 RH TE 63.6 2862 291 503 101 

‘Volumes used with Schindler-Pat_alas (S-P) trap for collection and analysis were both 2.0 L. 
1'Volume's used with Van Dorn sampler for collection and analysis were both 6.0 L. 
A — Abundance (No./L). 
B — Biomass X 10‘ (mg/m’). 
R - Rare (less than 1/L). 

from the rapidly spreading oil-dispersant- mixture, but 
slowly away from the oi_| front in pond No. 4. From the 
time of treatment until the fol_lowi_ng June, there were no 
water striders on the surface of any of the treated ponds. 
One week, after treatment no nekton was observed in any 
of the treated ponds. Tadpoles were observed one week - 

later in the control pond as well as in the oil-treated pond, 
but there were fewer individuals in the latter. At least one 

' Notoheéta was seen in the oil-treated pond two weeks later, 
and a salamander was observed in the control pond. No life 
was observed in the oil-dispersant-treated ponds. Four 
weeks after treatment, on August 1, tadpoles-were still 

observed in ponds Nos. 2 and 4. There were many dead 
adult insects in the water column of the oiletreated pond. 
These insects probably emerged from the pupal stage but 
did not escape through the water-oil-air intfejrface. On day 
41-, sm‘a’l'l frogs were observed in ponds Nos. 1 a_nd 4 as well 
as either Cojriixiidae or Notonecta, but these were fewer in 
number and smaller in size than observed in the control 
pond. A salamander was see'n in the oil-treated pond. 

The most intensive survey was conducted on 
August 23, 1978. At that time there were 39 water strideis 
and a whirlygigg (Gyrinus sp.) on the surface of the control 
pond, and 25 tadpoles and approximately 30 Co_rixid_ae or 
Notonecta in the water column.’ ‘The oil-treated pond 
contained about five water boatmen or backswimmers, 
numerous tadpoles a_n_d a salamander, with about ten 
small frogs on the liner above the water su‘r'f'acé. Both 
oil-dispersant ponds had fewer nekton than the other two 
ponds. By October‘ 10, the temperature had decreased and 
no water .striders were on the surface of the control pond, V 

although there were either water boatmen or backswimmers 
in all of the ponds._ 

On April 24 of the following spring, the formerly 
turbid waters of the oil-dispersant ponds were clear. Water 
striders, water boatmen and backswimmers had appeafred 
in all of ‘the ponds. Salamanders were observed in pond 
No. 1.

'
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Table 63.. Comparison of Zooplankaon Sampling Methods for Composite Samples"; Taken May 23, 1978 
Pond No. 1 Pond N0. 2 Pond No. 3 Pond No. 4 Pond No. 5 

S-P trap‘ Sa_r_r_1pler1' S-P trap Sampler S-P trap S_n.mpler S-P trap Sampler S-Ptrap Sampler 
zoop1an'k:on A B A B A B A B A B A B A B 

4 

A B A B A B 
Rotifera 

Polyartbra .

_ 

yylgqfis 11 3.61 23 3.61 31 4.28 31 2.52 52 7.07 144 13.07 207 27.0 129 10.3 0.83 
P. major R 0.25 1 0.36 R 0.08 3 0.83 3 0.87 6 _1.9 R 0.1 3 1.06 R 0.26 
Kemella ‘ 

cocblearis R 0.01 R 0.01 13 0.38 2 0.60 3 0.10 2 0.07 4 0.3 R 0.03 
K. crassa R 0.01 1 0.05 3 0.13 1 0.05 3 0.11 » 1 0.04 R 0.01 
K.quadrat_q 

_ 
R 0.03 5 0.36 10 0.97 R 0.17 ‘ R 0.01 

Syitébaeta sp. R 0.14 R 0.03 R 0.01 
Lepadella . ' 

patella 2 0.20 R 0.07 11 1.07 5 0.47 4 0.43 4 0.42 3 0.33 R 0.07 2 0.19 R 0.07 
Triqbocercq 
multiczinis R 0.09 

Aspldhcbha sp. . R 0.44 

Crumcea. 
Cbydorus 
spbaéricils . R 1.22 R 1.36 R 3.66 R 5.08 R 2.96 R 4.23 2 9.09 2 17.6 R 4.12 R 2.40 

Dapbnia sp. 1 64.6 2 32.0 R 17.9 R 10.8 R 23.4 1 48.9 R_ 2.82 
Scapboleberis 
kjngi. R 2.07 

Diacyclops
‘ 

bicuspidatus R 1.39 R 0.57 R 0.56 R 0.54 R 0.94 
Acantbocyclops 

tze;rn_is R 0.25 R 1.79 R 0.89 R 1.18 
Tropocyelops 
prasirms‘ R 0.49 R 0.47 R 0.15 

Copcpodite R 0.70 R 0.94 
Diapromus 
minutus R 0.19 R 3.50 R 0.83 R 0.47 R 0.19 R 0.17 R 0.60 R 0.46 

Na1_1pl_i__i 6 0.40 7 0.98 11 1.08 7 1.51 32 5.06 62 21.0 24 1.69 12 3.05 17 1.36 3 0.50 
Cbgoborus sp. R 0.24 R 0.25 R 0.25 
Total 22' EU '37 IE 75 31.32 60 16.9 94 fl 219 T6 247 53.3 ’1‘4’7’fs’6;’7‘ 39" 58.5 10' 7.01 

‘_\_lol_umes used with Sachindler-Patalas (S-P) trap for collection and analysis were 93.4: -band 1., ‘respectively. 
'lfVolumes‘ used with van Dotn sampler for collection and analysis were both 6.0 L. A — Abundance (N9-5/.1.-)- 
3 -— Biomass x 10‘ (mg/m’). R —— Rare (less than .1/L). 

this number diminished in November. No zoobenthos was 
found in any of the January 1979 samples. This might h_ave 
resulted from scrapiong the same area under the ice-cover 
that was previously scraped for the sediment-oil analysis 
sample. The most exhaustive survey occurred in July of 
1979, the last. day of the experiment. These results, shown 
in Table 8, indicate that chironornid ljarvae had been re- 

established in the treated ponds. Indeed, in the interior 
_t_reated ponds (ponds Nos. 3 and 4), the number of in- 
dividuals collected was greater than in both control ponds. 

During the sample collection on October 10, 1978, 
large larvae were noticed in ponds Nos. 1, 3 and 4. They 
were moving slowly near the water-sed'iine_nt-air interface 
and made little. effort to avoid collection. These were 
iidefitifiled as Pahtala hymenea, a migratory dragonfly (35) 

18 

which usually emerges in August and returns to northern 
Minnesota. The gut was found to be empty when‘ dissected. 
N0 larvae were found in pond No. 2. K 

Nek ton and Surface Life 

For the purpose of this repo"rt, neI'<?to'n will be _d_efin,ed 
as those entities that can ta_l<[e swimming motions in any 
direction in spite of turbulence. These animals, although’ 
not quantitatively sampled, were counted and collected 
for identification. Prior" to" »t_r‘efa_t,m,ent-, water gboatmen 
(Corixidae), back swimmers llllotonecta sp.) and frogs were 
visible in all of me ponds,'a'nd water striders (Gerris sp.) 
were observed on the su‘rfa'c‘e of the ponds. Immediately 
after treatment, the water striders moved quickly away



complete elimination of the crustacean zooplankton in 

these two. ponds (ponds Nos. 1 and 3) until April of 1979, 
after the ice-cover had melted. After May of 1979, the 
zoop|a_nl_<ton abundance in pond No. 1 increased to levels 
approximately equal to those in the control pond during 
June and July. Zooplankton populations in pond No. 3 
were much lower than in pond No. 1 and the control pond 
at this time. The numbers in pond No. 3, however, were 
much higher than those recorded after treatment during the 
summer and fall of 1978. The zooplankton biomass is 

recorded in Figure 17. 
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Figure 17. Zooplankton biomasses in experimental ponds. 

Differences in the condition of some zooplankters 
were also noted. During September and October of 1978, 
an occasional Chaobarus sp.- was col_|ected. Those collected, 
from the control pond exhibited normal rapid movement. 
in .°9.rm=>.ar.is9r..» 

. Ih..0s...e_ coI.!ssIed... T.’-!m__.1h.¢ .c>i.':<.1ispersant— 

Tliis _rjj,ight_ h- b an .é|i'rninéti9li 6.f.1th9‘“' 

n”o‘jrm’al.‘ food "~sour'ces."A :large,,|‘3:ipter_a-,; there‘ 
w.a_ the _ . . 

have ’c9ntcib..u.t.ed,$iéIn . 

calm‘! =*'9.t".v'-‘.l..Z.<’°r'l.anl<,t<>,r.1l .bi9m.a§’s 
ahd 

Z 
ove.rwheI T .anv. ., 99.nt.ril2uti9!1.-. .f"r'<.>,m si!71a"'e‘r'indi.v_.id.- 

~~~ 

u;al§f. Tihé'.ré.f9Lréyi.héir ¢9htribsi_i.ioq, to.’tI.1‘e7_t:,i'<>fr_t~ass ‘was’ .n,<‘>t, ~ ~ x
. 

t:Feai5_‘tedV" ponds‘ were letha;rgic,'.:a:PFlJiarently_b fneari 
. é,>.<p,ir,i.ng._ 

' 

idtf:;a;I‘.ner ‘2T2f.s L of...samv-é;..woo.I«:. 

The zooplankton populations diminished in the 
oil-treated ponds, but there were usually one to seven 
individuals present i_n all of_»the sa__mp_les until October of 
1978. After April of 1979, the» populations increased, 
indicating that the pond was recovering with respect to: the 
zoopalankton. This type of behaviour has been documented 
previously (6), when slightly greater amounts of oil were 
added under an ice-cover to a pond. At low concentrations, 
there was a reduction in the zooplankton populations, but 
the populations were not eliminated as found in the _oil- 

dispersant-treated ponds. Major contributors to the zoo-' 
plankton are given in Appendix D. 

Since two methods were used to collect the zooplank- 
ton samples, two comparisons between the methods ‘we're 
conducted. The first was carried out in May of 1978, when 
both methods were used to collect composite samples from 
all of the ponds. The results are shown in Table 6a. There" 
is agreement between the pop'u|a'ti_ons as well as the biomass 
estimates for the two methods of sa_mp|_ing. ‘The major 
zooplankton species are common foroboth methods. The 
second comparison was made on the day of treatment in. 
the auxiliary control pond (pond No. 5). Two locations on 
the water surface were chosen, and the water column was 
sampled just below the water surface and just above the 
sediment using both methods, permitting a sufficient time 
interval for the populations to re-establish‘ themselves. 
These results listed in Table 6b show that de_sp_ite the 
known patchiness of zooplankton (21), the two sampling 
m_et_hods gi_v‘e.comparab|e results for this pond study. The 
biomass in all samples was dominated by‘ Po/yafthria vulgaris 
and P. major. Nauplii of Calanoida and Cyclopoibda were 
significant in all of the ‘samples as well. .Chaob.oru_s were 
found i_n all of the Schindler‘-Patalas trap samples but only 
in‘ one Van Dorn-sample." This obse_rvati'on can possibly be 
explained by the larger volume. sampled by the Schindler.- 
Patalas trap. The similarity of results obtained from both 
methods is extremely important, since samples, taken by 
the Van Dorn sampler when there was an ice-cover could be’ 
compared with those collected by the Schindler-Patalas 
trap.‘ 

Zoabenthos 
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CHAPTER 3 

Protozoa, Zooplankton, Nekton and zoobenthos 
by B.F. Scott, P.J. Wade, W.D. Taylor, D.B. Carllsle and N.B. Snow 

METHODS 

Protoioans were taken from the composite sa_mples 
collected for phytoplankton, water chemistry and chloro- 
phyll ideterminations. One litre of the composite was placed 
in a 1‘-L glass bottle c'ontaining.3 mL of modified Lugo|’s 
solution and fsftored at 4°C in a dark room, l°r_ior to analysis, 
the sample volume was reduced by indirect filtration 
through a 10-um meshvscreen (23). Magnifications of X 400 
and X 1000 were used for enumeration and identification. 
ldentificatio'n of p_rotozoa_ from preserved samples is 

difficult because the characteristics used to distinguish taxa 
are not visible.‘ The identification initially was carried out 
using an internally‘ consistent coding system. Many of the 
_proto_;o_a were later identifie_d to the genera level and 
several to the species level (24,25). 

During periods of ice cover, zooplankton were 
collected using a 2-L clear Va_n Dorn bottle to sample 
immediately below the ice surface, at mid-depth and just 
above the sediment. The contents of the Van Dorn samples 
were passed through a 40-um mesh sieve, and the material 
‘on the sieve was cor_nbi_ned and placed in a 200-mL storage 
bottle. Then 5 mL of carbonated water was added and the 
jar was topped with sugared-formalin solution (26). During 
ice-"free periods, a clear l5|ex_igla_s 15-L Schindler"-Patalas 
trap with 40-um mesh sidearm and ‘cup was used to collect 
samples from the near surface, mid-depth and near bottom 
from both sides of the catwalk. After each sampling, 
zooplanokton caught in the sleeve were washed into the 
cup, which was; then emptied into a large Plexiglas beaker. 
After the six samples were added, the volume was adjusted 
to 2 L and vigorously stirred. A 100—mL syringe was used 
to remove five‘ representative aliquots which were passed 
through a 40,-um‘ sieve, and the contents on the sieve were 
preserved as stated above. The contents remaining in the 
beaker were gently returned to the pond. 

For analysis, the sample volumes were reduced 
to 25 mL by- ‘filtration through a 10-um mesh screen. 
Enumeration and- measurement for biomass estimates of 
all zoop_lankton i_n each -sample were performed using a 
Wild M40 microscope at magnifications of X 25, X 40 a_nd 
X 60 as well as at X 100 for some of the species. Identifica- 
tion was facilitated by using standard taxonomic texts 
l27,28,29,30,31). 

16 

Qualitative zoobenthos collections were made on a 
monthly basis during periods when there was no ice cover. 
A cleaned standard 48—oz can was fastened to the end of 
a long pole, and the open end of the can was gently scraped 
over the bottom sediment to collect the top surface of the 
sediment for a. distance of about 20 cm. The contents of 
the tin were placed in a 1-L storage bottle, and the surface 
water was decanted after sufficient settling had occurred. 
If there was too much turbidity, the bottle‘ was returned 
to the laboratories before decanting. The decanted water 
was replaced with the sugared-formalin solution. On the 
final sampling day, a number ‘of samples were taken from 
each pond. In the laboratory, samples were sieved through 
a No.35 Canadian Standard Sieve held underwater. Material 
remaining on the sieve was gently washed onto a white tray 
and then sorted. A Zeiss dissecting microscope was used 
to aid identification and then the organisms were preserved 
in 70% alcohol_.«' Chironomid larvae were cleared, and the 
heads were removed and mounted for identi'fica‘t_i'o'n (32). 
Standard taxonomic references were used (33,34). 

Occasionally, numbers of aquatic insects were 
estimated by inspection from a position directly over each 
pond. Representative samples of the insects were collected 
in a small net, preserved in 100% alcohol and identified. 

R ESU LTS 

Zooplankton 

The logarithms of the zooplankton abuindance are 
plotted in Figure 16. Zooplankton were abundant in 
all of the ponds prior to treatment. On the day following 
the treatment, the number of zooplankters in the oil- 
dispersant—t_reated ponds was reduced but not entirely 
eliminated. in these two ponds there was a definite dif- 
ference between the upper 0.8 m of water and the lower 

' 

part of the water column. The top layer was turbid and 
milky in appearance, and no zooplankters were visible in 
the samples. The bottom level of the water column was 
clear and there were many zooplankters. Since the samples 
from the three levels were combined, it appeared that the 
pond had a viable zooplankton population. One week after 
treatment, the ponds were uniformly turbid and only a few 
rotifers were collected in one of them. There was an almost



Table 5. Comp‘a.rison of Chm-.ic.a,.1 Parameters Found in Pond \?Vete...rs and i,r.I..t|,I.e 'S|.I.1.’.!4.-'.'.|.I_I.|4..i.|fIs.'$.1.l_.0‘.l.V‘(!_!,|8/L) 

'DRS.§ Cal Date Parameter NH, No, - TKN' s_R1>.+ Unfiltjered P Filterejd ‘P 00¢: $5.7 1-‘ 

‘7s,.02—2s Pond No. 2 0,047 0.128 0.237 0.0021 0.0075 0.0062 2.0 19.5 0.093 25 
snow‘ 0.1520 1.02 0.253 

_ 
0.010 

‘ 
0,014. 0.014 1.1, 

' 

2.5 0.024. - 1.0 

78-03-22 Pond No. 2 0.047 0.199 0.217 0.0016 0.0066 0.0063 2.2 20.5 0.068 24 
0.101 0.395 0.670 0.0106 0.040 0.031 1.7 2.5 0.016 0.1 Snow 

3 Denotes t9‘t,;lAlEi;.l$i1.=1hl‘ nitrogen.- 
1' _D_e_n9te_s soluble reactive phosphorus. 
1: Denotes dissolved organic carbon. 
§Dei1otes dissolved reactive silica, 
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Figure 15. Dissolved reactive silica concentrations. 

ponds Nos. 1 and '3 undoubtedly encouraged the presence 
of anfa_erobic g"r{)wti1 which utilized the nitrate in both 
oil-dispersant ponds.

’ 

Dissolved ’reaic‘tive silica‘ values are plotted in 

Figure 15. After ‘treatment, both oil-di_s’pe'rs"e‘jfit ponds had 
high increases in this parameter. As silica is a vital compo-. 
nent. of diatoms, this c'o'm’ponent of the phytoplankton and 
periphyton was ex_a_mined._ _L;9w numbers of diatoms in all 
of the ponds indicated that this parameter had no 0bvi_0u_s 
ef‘fe"ct_.0 Subsequent laboratory studies 'tha't:the. 

silica had not been ‘removed from the §e'dif'n’eh‘t' but that it 
had probably been deposited from the atmosphere and 
retained in the water column of" the dispersant-treated 
ponds bv the dispersant.
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Oxygen readings taken from the near sediment of the 
ponds dL_Ijri,ng the winter" of 1978'-' 79 indicated a reduction 
in dissolved oxygen as the winter progressed. In March of 
1979, this was more apparent in the two ponds treated with 
the oil-:dispe_rsa_nt mixture, where the oxygen depleted zone 
extended farther into the water column from the bottom. 

. 
Alt_hou‘gh the probe was not calibrated for anoxic condi- 
,tions-, the DO values read directly from the meter indicated 
that there were anoxic conditions within 10 cm of the 
bottom in pond No. 1. In pond No. 3, there were two 
distinct bottom levels, differing by 15 cm. Dissolved 
oxygen values in the deeper half of the pond were lower 
near the sediment than readings from near sediment of the 
upper level. The periphyton saafmpling platform was resting 
on the slope between these two levels before the March 
sampling. Ponds Nos. 2 and 4 had narrower zones of 
oxygen depletion (measuring up from the sediment) than 
the other two ponds. Total 'a_l_kalin_ity' values are plotted in 

V 

Figure 7 and show no trends dependent on treatment. 
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Figure 7. Alkalinity measurements. 

Figure 8 shows the ' concentration of DOC as a 
function of time in all of the ponds. There was a low level 
of DOC in all of the ponds before treatment, and the levels 
remained low in the control pond after treatment. The 
DOC values were slightly higher in the oil.-treated pond, 
but? they were the highest in the oil-dispersant—treated 
ponds. Differences between values for ponds Nos. 1 and 3 
reflect the greater volume of water present in pond No. 1, 
with equal amou'n't's of the chemicals being added to both 
ponds. The DOC values in the oil-dispersant ponds declined 
about day 70, remained constant over the winter months at 
about 7 ppm, a_nd then diminished to about 5 ppm. This 
trend parallels, the recovery of the aquatic biota. The DOC 
levels in ponds Nos. 1 and -3 were still high relative to the 
other ponds one year after treatment. Oil concentrations in 
the water column showed that these DOC values were not 
due to oil-type compounds. 
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Figure 8. Dissolved organic‘ carbon concentrations. 

Unfiltered phosphorus, filtered phosphorus, ammonia, 
nitrate ion, tota_l_ Kieldahl nitrogen and sulphate ion concen- 
trations are plotted in Figures 9, 10, 11_, 12, 13 and '14, 
respectively. In some instances, inspection suggests there is 
an inverse correlation between nutrient concentrations 
(e.g., the unfiltered phosphorus and ammonia) and the 
phytoplankton biomass. The ammonia concentration in 

the ponds, was sufficiently high to provide the nit_rogen 
nutrient of the phytoplankton without requiring. the 
uptake of nitrate ion (21) and its subsequent conversion. 

All of the ponds had higher nitrate con_centratio_ns in 
the spring of 1978 and 1979. Maximum values occurred in 
March of both years, a time when the snow and ice cover 
over the ponds was begin_ni,ng to melt. A_lthou'gh the ‘ice in 
the centre of the ponds was still thick atthese times, it was 
beginning to detach from the liners, permitting runoff 
water to enter the water column. A comparison of the 
water chemistry parameters of the snow and one of the 
ponds is given in Table 5 for February and March of 1978. 
Concentrations of ammonia, nitrate, TKN, and all of the 
phosphorus parameters are higher for the snow ‘thajn for 
the pond water. The major ions (Mg”, Ca” and Cl‘), DOC, 
DRS (dissolved reactive silica), S04" and alkalinity values 
are lower for the snow’ than for the water column. Of all 
the water chemistry parameters analyzed for March and 
April, only the nitrate ion was accumulated in the water 
column. All of the forms of phosphorus and ammonia were 
undoubtedly utilized by the biota in preparation for the 
usual spring blooms of phytoplankton (22). In the early 
spring of 1979, extfemely high concentrations of nitrate 
were found in the oil and control ponds, and these concen- 
trations were twice as high as those determined for‘ both 
oil-dispersant—treated ponds. Ammonia, wh_ic_h is the form 
of nitrogen generally utilized by thephytoplankton, was 
comparable in all of the ponds. The anaerobic conditions in
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contributors. The samples taken in early August showed 
there were many genera present i_n the periphyton on the 
plates in all of the ponds, but after that time only the 
oil-treated and control ponds exhibited a high number 
of minor contributing species. From late August until 
March 1979, Mougeotia sp. was recovered from the oil- 

d,ispersant—’trea,ted ponds with Oedogonium sp. being a 
frequent major contributor in pond No. 3. éocystis and 
Oedogonium usually dominated the 
from the control a_nd oinl-treated ponds. 

As the liners could easily be damaged, very few 
samples were collected from them". In May, June and July 
of 1979, scrapings from the liners were taken, and the 
-estimated results are shown in Table 4 (8). Entries are re- 
corded for the oil-dispersant-treated ponds at the sampling 
times listed above, as there was sufficient- material to 
collect. The control pond had only one sample removed 
since there was only one time when there was sufficient 
growth for a sample to be removed. Nosamples were col- 
lected from they joil-treated pond. in August and September

' 

of 1978, some filamentous material was found growing in 
discrete bands on the liners of the o_i|-tre_ated pond under 
the water surface. These bands were at the lower water 
levels that were reached during a long rain-free period. 
September rains raised the water levels over small amounts 
of ”beached" oil deposited on the liners, and filamentous 
blue-green algae then grew on these deposits. 

Table 4. Weigits of Attached Material on Pond ' 

Estimated weights per pond 
Date Pond dry weight (g) 

7.9-os—2,3 (3_22)' 1 3 283 
3 7 256 

79-06-19 (349) 1 8 326 
- 2 (control) 822 

3 
y 

4 255 

79-07-25 (334) 1 so 900 
3‘ 

‘ 55 600 
‘Day after treatment is given in 

ware; chemistry
’ 

g 

Th‘e"Adli’ssolv'ed réa'di_r:§'s;_"¢akl=.n tram mid-depth 
a;r§'ai.a;1§cj afga_i;n_st’tijr'ne: in Figure There were noAappa'r- 

‘trends in "these readings prior to‘treatrrie'_n't. One week 
‘ 

after ‘treatment both 
A 

oAi'|}d:isper‘sant-treated ponds" "experi- 
eneed‘ an 'q&;yggn_ depletion which lasted for approximately 
twohweeks. ,Eight"weeks afteri.treatrnent,hthe’oil-dispersant- 
treated ponds dissolved‘ oxygen values greater than 
those of the”c_ontrol “o'r"oil-'treated_'po‘nds. After iawéeks 
this effect was no longer apparent.’ The” results of the dial 
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(24 h) measurements taken eight weeks after treatment are 
presented in Figure 6. This diagram shows that values in 
the control and oil-treated ponds were lower than in the 
oill-dispersant-treated ponds in the afternoon andevening. 
At night and i_n the morning, the oil-dispersant-treated 
ponds had the lower values. This suggests that the oxygen 
regime at this time was dominated by the large amounts of 
periphytic material in the oil-dispersant-treated ponds, 
which produces oxygen while there is daylight but con- 
sumes oxygen at night during respiration. At about the 
same time while the periphyton was becoming established, 
the oxygen levels in the oil-dispersant ponds increased. The 
phytoplankton levels in all of the ponds were of the same 
order of magnitude after the treatment. 
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Figure’ 5. Dissolved éxygen concentrations. 
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Table 3b.‘ Algal Composition of Attached Material on Liner 

Date Pond No. 1
T 

Pond N3." 2
M 4‘ 

Ml’7§>:n‘<.l.TI:I7o“.w3 

3’ "V 1 A A 

P§i:.d‘i4:§.l4
M 

78-04-26 Oedogonium sp.‘ Oedoganifim sp. 
Maugeotia viridis 
Pedjqstrum borygnum 
Clo cjys'tis' Iacusfiis 
Mesa taenizlih ,sp . 

Acbnantbes sp. 

Crucigenia rectangularis 
Ulatbfix aequalis 
Oedogonium sp. 
Cosmarium sp. 

78-08-2"9 M. 1eiridis' M. viridis 
U. 'ae'q'iaalis Microspora sp. 
Cosmarium margaiitatiuh Oedogonium sp. 
0. lucustris Scenedesinus qtladricauda 5 

09.408.07.1I'um sp. Cosmarium sp. 
S. quadricauda 
P. boryanum 
Mesotaenium sp. 
Cbroococfcus _vq_ri_us 
Meiismopedia pimctata 

7 8- 10- 24_ Oedogonium sp. C. rectangularis ,U.‘aeq1'4aIis Mic'ros'po’ra sp. 
' Cbladopbara sp. S. quqdricauda Oedogonium sp. Oedagqiziuiil 

U. aequalis Cosmarium ma_rga_rita_tum ' Anlzistrodesmtcs falcutus 
Acbmmtbes spp. ‘ O. lacustris

' 

Oscillatoris spp. 

78- 1 1 -11 M. viridfs‘ Oedogonium sp.‘ Oedogonium sp.‘ Oedogonium sp.’ 
Oedogoiiifiin sp. U. aequalis U._aeq1_tqlis U. gequalis‘

_ 

Fungal hypea M. viridis V‘-:'0$7.7.ld..11'1l.7.t! 

‘.Den‘otes"rt1ajor contriibutor (greater than 80%). 

Figures 1, 2, 3 and 4 also show the biomtass of the 
phytoplankton over the time of the experiment and the 
chlorophyll a values for the period slightly prior to treat- 
ment until the end of March in the following year_. in pond 
No. 1, the chlorophyll a values generayllyfolltow the trends 
derived from the biomass calculations. There was no 
correlation between these two parameters derived from 
the other three ponds. Table 1a lists the chlorophylll a 
values for "the subsamples taken from ponds Nos. 1 and 2. 
When these are compared with the biomass values for the 
subsamples, no firm‘ conclusions can be reached. 

Periphyton 

Periphyton results areepresented in Table 2, which 
lists the dry weights and the OCF weights. Samplestaken 
prior to" treatment had approximately the same OCF 
Weights, and this was also observed for the sample taken 
28 days after treatment. On day 55 after treatment, the 
values ‘for OGF weights were three times higher for pond 
No. 3 than for ponds‘ Nos. 2 and 4. The OCF weight for 
pond No. 1, the other oi_|-dis’pe'rsa‘nt-treated pond, was 
two times greater than that _calcu_l_a_t_ed for pond No. 3 at 
this sampling, time. Throughout the rest of 1978, the 
weights determined "for ‘pond No. 1 were higher than 
those from pond No. 3, which were‘ greater than those 
values determined for the control and oil-treated ponds. 
In March of 1979, the OCF weight from pond No. 1 was 

less than that determined for pond No. 3, and by July, the 
values from pond No, 1 were‘ similar to those of the ‘control 
and oil-treated ponds. The dry weight and OCF weights 
from pond No. 3 remained high. 

The periphyton plates removed from all of the ponds 
one week before treatment and four weeks after treatment 
were lightly covered with |_ight brown material. This colour 
of the periphyton on the plates removed from the control 
and oil-treated ponds persisted for the duration of the 
experiment. Plates removed from the oil-disper,sant—tre.ated 
ponds in 1978 after treatment were covered by a thick 
green filamentous material. in March of 1979,‘ the plat- 
forms supporting the plates were raised to the ‘ur"ider»ic‘e 
surfaces to remove the plates. The platforms andthe plates 
in ponds Nos. 2 and 4 appeared normal, but the platforms 
and plates from ponds Nos. 1 and 3 were covered with a 
thick gelatinous material. This material was black} in pond 
No. 1. ln pond No. 3, one half of the platform and the . 

plates in that area were black and the other half, a light 
- green. When the black plates were exami,ned: the next day 
in the laboratories, the black colour had changed to the 
light green found in, "pond No. 3, ilndicating the presence 
of Fe” ion. ‘Microscopic exfam,i;nati‘on of the material 
revealed that it was composed of attached _a__lga_e .‘_a_n_d, "fungi, 

in approximately equal amounts. 
‘ 

' 

T

' 

The major algal contributors to the periphyton are 
listed in Tables 3a and 3b along with the number of minor 
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Table 2. Weight of Per-iphyton (g/in’) 

. 

‘ 

Pond No. 1 Pond No. 2 Pond No. 3_ 1{om1__r~_zo. 4 
Date Day Dry Weight OCF weight‘ Dry weight iwveighr Dry OCF ilieightr 

78-2-06-28 -7 20.-7’s(1)+ 5.62 7.08(1) 
’ 

3.687 
U 9.33’('1)”“mM4.46W 

73-03-02 28 14.‘-42(1) 4.94 1079(1) 4.87 27.77(3) 13.92 

73203.39 55 8953(3) 61.57 21.09(3) 9.53 39.03(3) 30.77 14.3 (3) 8.09 
78-09-26 83 642.1 (3) 77.9 54.25(3) 12.18 123.1 (3) 61.4 z9.96(3) 15.58 
78-10-24 11__1 708.5 (3) 90.6 48._33(3) 17.82 183.2 (3) 58.6 .4o.36(3) 12.84 
7'8-1'1-21 1-39 927.2 (3) 134.4 52.82(3) 19.37 224.5 (3) 86.6 23.79(.3) 11.88 
79-03-13 251 647.5 (1) 98.1 59.65(2) 22.9 206.5 (2) 108.5 65.26(2) 35.92 
79-05-20 351 120.0 (1) 28.8 112.2 (2) 44.7 

' 

365.4 (2) 147.5 75.88(2) 33.2 
' 

32.8 68.2 (2) 22.1 2'29.-27(2) 
’ 

105.1 67.1 (2)) 33.6 

k‘BIS!!!-1c7=;r!?1};E;15I(g§h?¢let1ved1:77subtrn9tins751;.ash'éd weight from the dry weight. 
1-Numbers in parentheses denote the number of plates analyzed. 

Table 3.1- Algalvcomposition of Attached. on Hates 

Date Pond'No. 1 Pond No. 2 Pond No. 3 Pond No. 4 
78-06-28 Mougeaiia sp. Ikiougeatia sp. 

M M H 

Oedoganium S91. 00975"? $9- 
Cosrnfafium punctaldtum Oedoganium sp. 
+ 13 minor" species +, 16 minor species 

.78-08-02 Oedagazufum sp. Oedogonium sp. Oedagonium sp. 
Maugeajia sp. Mofiugeotia sp. Mougéatib sp. 
C. prim.-ti1a't11'r'ii' + 5 minor species 4- 11 minor species 
+ 20 minor species 

78-078'-29 Mougeorig sp. éocystis sp. Mdugeatia sp. 0ed_ogonium.sp. 
Oedagonium sp. ‘oedbgdiiirhir sp. + 4 minor species Mougeotia sp. 

' + 5 minor" species ’ Mougeolia sp. Aqbzrqnrbes-_minutissima 
+ 25 minor species + 28 min6r»specie"s‘ 

78-09'-Z6 Maqgeafig sp. Moitgeotia sp. Maugeotia sp. 
Oedogbiiizifit sp. Geminella sp. Oe_dQg0z1iuzn,sp. 
+ 4- minor‘ species + 6 minor species + 17 minorzspecies 

78-10'-.24 - Motrgeotia sp. Oedogdniuin sp. Oedagoniuin sp. Oedogonium sp.» 
Oedagoiiiurh sp. lfflaugeotia sp. Mougeotia sp. Moyggatig sp. 
4- 7 minor species Oocystis sp. Oscillqtpria limnetica G. punctalatuift 

Clzlorococcum bumicola + 9‘minor species +fl6 rr'1'ir'1o1"'s'p'eciés 
’ + 29 minor species 

78-1 1 -21 Mougeatia sp.- Iyougeotia sp. Oedoganifini sp. Oedogonium sp. 
Geminella mutabilis Oocystis sp. Mougeatia sp. Mougeatia sp.

' 

+ 7 minor species 4» 20 minor species 0. Iimnetica éocysrisbargei 
+ 5 minor species Cyelatellg sp. 

' +329 _rninor species 

7:9-63-13 . 

‘ Mougeotia Oedogonium sp. Mougeotiq sp. Oedagoiiiuiri sp.
’ 

Na"12'ic'1'4Ia éafititata Mougeotia sp. + 7 minor species Moftgeatia sp. 
+ 3 minor species Synedra ulna éocystis solirqria 

' 

+ 23 minor species + 19 minor species 

79-05-23’ - Oedogoiziufir sp. Oedagonium sp. Oedogoniurn sp. 
- ‘Oscillatoria sp. Mpugeotia sp. Oscillatoria sp. 

‘ ‘Mougeotiq-sp. + 19 minor species + 6 minor species 
+ 8 minor species ' 

79-07-24 Oedogonium sp. Oedogonium sp. Oscillatoria sp.‘ Ogdogqzriym sp. 
Gleolocystis vesiculsus Bulbacbaete Oedogonium sp. Cylindrocfipsd 
Moygeotia sp. + 12 minor species Mougeotiq sp. + 11 minor species 
+ 12Vminor species + 6 minor species



ofithe s'ubsah1p|es_..The biomass had a range of 0.08 to 0.26, 
differing by "a factor of 3. At the time of sampling, both 
ponds had a low turbidity with the bottom of the ponds 
being clearly visible. The samples were taken under‘ a bright 
morning sun-.» Rje.s'u.|.ts derived from the sfu.bsa,mp|es from the’ 
two oil-dispersant-treated ponds (ponds Nos. 1 and 3) 
showed a high degree of uniformity, but there were only 
Ch_I‘oro'phyoe;ae and Chrysophyceae in these two ponds, 
with Ch|orophv.ce.ae domin_ating. The extreme high and low 
biomass values calculated for the samples from’ these two 
ponds differ by a factor of less than two, while pond No. 3 
had a lliioinass four times greater than that of pond No. 1. 
The Secchi depths in these two ponds were estimated to be 
less than 10 cm. 

The results from the July 25, 1979 subsamples are 
listed in Table 1b. These results show a similarity for 
all of the subsamples in their percent composition of 

.c0.ntribu.ti.n9 classes and. total" biomass. with the average 
agreeing with the composite values. In addition, the same 
species of a particular" class, dominates in all of the sub- 
samples and the composite. These data -are tabulated in 
Appendi'x- C for the s1ibsajrn“pI"es and the c0ffi'p0_sité is 

tabulated in Abi>ehd.i§x- B. This samp|.i.n9'o0Lcu1rred”on a 
sunny day and all of the pond bottomswere visible. 

On August 29, 1978, there may have been little. 

mixing in the Wétefe ¢0|lJ'fi‘f!?| f¢$|Jlti.fi9 lfl hétéfbfléfieltv 
‘of the ‘phytoplankton in ponds Nos. 2 and 4._The agree- 
ment between values from the subsamples in the two 
oil-dispejr_sants-treated" ponds may in part "h_ave “resultjed 

from some factor associated with the high turbidity of; the 
water in these two ponds. The results of the second inten- 
sive a'r'1al'ysis indicate that the ponds were well mixed, 
with the effect ofthe oil yand oil-diuspersant ri_1_ixjti_1fre on the 
phytoplankton being virtually. nonexistent at that "time. 

7 

Table 1b. Analysis of Composite Samples, July 25:, 1979 

Subsamplc position number 
Pond No. Parameters 1 2 3 4 h 

5 6 
A I T 7' 8 Composioc 

1 Chlorophyccae 0.01 1 0.008 0.009 0.004. 0.009 0.008 0.006 0.010 0.003 
chrysophyceae 0.061 0.059 0.077 0.070 0.050 0.057 0.050 0.077 0.074 
Cryptophyceae 0.035 0.049 0.035 0.048 0.026 0.051 0.030 0.043 0.038 
Dinophyceae 0.034 0.040 0.048 0.049 0.027 0.030 0.026 1 0.050 0.018— 
Beeiilsriophyceae , 0.010 0.008 0.009 0.009, 0.009 0.008 0.009 0.001 

_ 
0.009 

Cyanophyceac 0.004 0.002 0.003 0.004 0.006 0.008 
' 

0.002. 0.000 0.006 
Total biomass 

‘ 

0.155 0.166 0.181 0,284 0.134 0.162 0.123 0.181 
’ 

0.148 
Cells per litrex 10" 7.16 . 7.23 9.07 8.97 5.78 7.43 6.52 9.45 8.74 

2 1 chiorophyceae 4 0.026 0.026 0.021 0.023 0.015 0.026 
_ 

0.023 0.022 0,029 
Ch’rysophyc'e'ae 0.008 0.009 0.007 0.006 0.001 0.005 0.010 0.009 0.010 
Cryptophycea: 0.014 0.014 0.015 0.019 0.009 1 0,013 0.023 0.017 0.021 
Dinophyceac 0.047 0.029 0.05 1 0.018 , 

0.038 0.022 0.010 0.016 0.021 
Bacillariophyceale - — — — - 0.000 0.000 0.000 — 
Cyanophyceae — — — — - - —_ '- - 
Total biomass 0.095 0.078 0.095. 0.066 0.63 0.067 0.066 0.064 0.072 
Cells per litre x 10-‘ 7.45 6.38 6.05 6.89 1.70 7.49 7.57 7.14 8.50 

3 Chlorophyceae 0.031 0.031 0.035 0.038 0.037 0.040 0.039 0.039 0.035 
' Chrysophyceae — — 0.001 0.001 0.001 — .v 0.001 - -0.001 

Cryptophyceae 0.016 0.031 0.015 0.012 ._ 0.010 0.041 - 0.013 0.020 0.023 
_ 
Dinophyceaie 0.008 0.007 0.008 0.0.08 0.009 0.005 0.018 0.003 0.010 

. Bacillariophyceac 0.003 0.005 0.003 0.005 0.005 0.003 0.002 0.004 0.005 
cyanophyceae 0.002 0.003 0.001 0.003 0.001 0.002 0.002 0.005 

_ 
0.003 

Total biomass . 
. 0.060 0.077 0.058 0.067 0.063 0.091 0.075 0.071 1 0.077. 

_ce11sperlitre>‘<10-.5 . .1.57 1.60 1.58 
‘ 

1.98.. 1.62 1.94 . 

, 

9 1.86 1. 1.98 1.77 

4 . Chlorophycefiae 0.031 0.031 0.035 -0.038 0.037 0.040 0.039 0.039 0.034 
Chrysophyceae 0.001 — 0.001 0.001 0.001 0.001 0.001 — 0.001 
Cryptophyceae 

. 

1 

. 0.016 0.031 0.015 0.013. 1 10.010 0.041 .0.013 ..0.020 ~ 0.023 
Dinophyceae -..~0.'008 0.007 0.008 . 0.0081 0.009 0.005 0.018 .1_=..0.003 0.010 
Cyahophyceae 1 

. 
, 

1 

.9 -0.002 0.002 0.001 
. 

0.003 1. 0.001 0.002 0.002 
, 0.005 0.003 

Total biomass 0.058 0.071 0.060 0.063 0.058 0.089 ..o.07.3 1 0.067 0.071 
Cells per litre X 10" 1.57 

t 

1.60 1.58 1.98 1.62 1.94 1.86 1.98 1,777 

V 

s"are in grams‘ per cubic ‘i1'ietV'1-‘_e:‘1'1rilVe's.-1: indicated otherwise.



phytoplankton bloom of Dinobryon sp. in the early spring. 
Each pond, once past the period of the spring bloom, had 
at least two algal phyla or classes contributing to the 
phytoplankton biomass on any sampling date. The control 
and oil-treated ponds exhibited this general trend, as shown 
in‘ Figures 2 and until the end of the experiment, indi- 
catdingn that the ajrfnodntt of oil added to pond No. 4 had 
little effect on the phytoplankton. After the additions of 
the.oil-dispersantnrnixtures to ponds Nos. 1 and 3, there 
was a trend jf_'o"r one of the classes to domidnate -the phyto- 
p|a,n,kton.- Ge_r__ie_ra,ll,y, a single genus dominated, although 
the"_ same genjus was not necessarily present in both of 
these ponds.‘-_Qne',vv’e’ek after t‘r‘e'a‘t'mentthe’bi0mass in, both 
oi|~dispersant=t;reated ponds decreased. Ochramonas spp." 

dominated the‘ biomass in these ‘two ponds on day 14 and 
Pandarina m:brum___dominated in both ponds on day 28'. 

On "the next..s'am"p_li'ng da'_te (da_y" '41), éocystis submarina 
dominated in pond-No. 1 and Ochramohas, in pond No. 3_.[' 
At the end of.-..Ai.igust, 55 days after treatment, Ch/orgellafl ’ ~~~ spp. dominated the phytoplankton_ inboth ponds. 0n'_'_ 

next sampl‘iri_g’.>da'te, September‘ 12, pond No. 1 ha’
_ 

number of 
' 

clfasses contributing to] the phytoplankton 
biorjnass, but pond‘l\l0. 3, the interior pond, was dominated 
bv éacvstis sp. After this time both ponds usually had 

several taxa contributing to the phytoplankton, although 
there were occasions when there was only one taxon 
dominating the biomass during October and November 
of 1978. Appendix B lists the major contributors to the 
phytoplankton in each pond during the experiment. 

To ascertain the degree of patchiness of the phyto- 
plankton, the eight subsamples that comprise the composite 
sample were ana_lyzed individu_ally on two occasions. The 
first set of samples analyzed in this way was taken August 
29, 1978, and the results are shown in Table 1a.; These 
results show that for the control and oil-treated ponds, 
there is a trendtoward patchiness, particularly in pond 
No. 4. éocystis lacustris dominated the Chlorophyceae i_n 

six of the seven subsadmples a_na,ly‘zed for pond No. 4 and 
Per‘idinii_1m pa/viscu/us dominated its taxon in the samples 
that contained “this dinoflagellate. The range of the total 
phytoplankton biomass for pond No. 4 was from 0.042 to 
0.26 g/m3, these values differing by a factor of 6. The 
biomass depended on sample location, but these changes 
did not depend "on whether the sample was taken from 
nearrsurface or near bottom. The samples from the control 
pond (pond No: 2) exhibit more unif_0rmity. in this pond 
the Chlorophyceae were usually the dominant class in all 

Table 10'. Analysis of Coniposite Samples, August 29, 1978 

Subssrnple position number 

~~

~ 

Po'nd‘No. .7 
’ 

Parameters 1 v 2 
I 

3 
, 4 5 6 8 

1 Qhlorophyceae 0.050 0.040 0.067 0.054 0.051 0.054 0.045 0.047 
Cnrysophyéeae 0.013 0.018_ 0.027 0.042 0.016 0.021 0.015 

' 

0.016 
Total biomass 0.063 0.058 0.094 0.096 0.067 0.075 0.070 0,063’ 

.. ,3 cells per litre x 10-‘ 8.82 
' 

6.23 13.4 10.02 7.71 8.35 7.36 8.90 ’ 

Chlomphyllg (pg/L) 1.05 1.42 2.21 l».78’3. 1.11 1.59 1.20 2.25 

2- 
, cniorophycese 0.195 0.023 0.045 0.022 0.132 0.008 0.048 0.004 

‘ 
- .Chrysophyceac 0.035 0.049 0.003 0.020 0.009 0.007 0.019 0.041 

Cryptophyceae 0.024 0.033 0.040 0.045 0.007 0.002 0.018 0.032 
. Di.I1°.PhY.ce.a..e 0.004 0.008 0.043 0.011 0.004 0.002 - — 
Tomi biomass 0.258 -0.1 1 3 0.1 31‘ 0.098 0.152 0.019 0.085 0.077 v Cell; per litre x 10-‘ 0.718 0.332 0.742 0.509 0.644 0.543 1.11 1.28 

g 

Q1_1_lorophylla(#8/L) 0.96 0.69 1.46 0.42 0.14 0.90 0.90 0.76 

‘V 3 A :» Chlorophyceae 0.321 0.220 0.352 0.428 0.303 0.323 0.368 0.323 ' '-- Chfysophyccac 0.018 0.028 0.015 0.010 - 0.009 0.023 0.011 0.013 
'I‘oft_i1.l biomass 0._3 39 0.248 0.367 0.438 0.312 0.346 0.377 0.336 
cells per litre x 10"‘ 43.7 35.5 17.4 21.4 15.0 16.2 16.2 18.4 

4 , H Chlorophyccae 0.007 0.027 0.033 0.015 0.013 0.004 0.092 
V 

i: : qhrysophyoeae — 0.004 0.010 0.005 0.005 0.011 0.012 
.; Gryptophyceae 0.022 0.009 0.017 0.038 0.025 0.018 0.027 
Dinophyceae A 0.012 0.052 0.081 — 0.009 0.075 0.132 '‘ 
Bacil1ati.o1>hyccae 

‘ '1 '—' 0.002 0.002 0.001 — 0.002 — 
Cygnophyceae 

’ 

0.001 — —‘ _— _ o_o2o _ 
Total biomass 0.042 0.094 0.143 0.059 0.052 0.130 0.263 
Cells per litre x 10-‘ 1.77 0.519 0.497 0.859 0.630 2.27 1.11 

Note: Parameters are per cubic metre unless indicated otherwise.
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Figure 4. Phytoplankton results foo pond? No. 4 (oil treatment). The lower diagram shows the jcontributiomof major~ci‘n.sses2to'dge{biomass.‘Themppcr 

N / 
dingramzindicates phytoplankton biomassaand ‘the chlorophylla values. ‘ 
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Figure. 32. I-letetotrophic bacterial populations »in ponds (incubated at 4°C).

Z 
n.S
S
E E1-'5 
Urn. <5 

‘< 
0 CD 
Ego: ohm 

.- :1 I; 
1 1:1 

‘ 

,u.I 3 
“I 4 
'_u._l

E 
< O I 9 0. 
—I E am 0 _ ‘D n’ I0‘ 

I I :I I I I‘ I I I I I I I, I I I I, I I I I I I I -I 
-204 ' 

’ 

-168: -147 -126, -105 -77 -56 -_2a 0 1 14 23: 42 56 7o 84 112 140 168 203 231 252 -294 323 350. 355 
DEC . 

’ ‘JAN-' FEB“ ’ MAR APR MAY JUNE, :JUI'. -A Ga -SEP‘ OCT (NOV DEC: JAN FEB MAR APR MAY .JUN JUL 
(1977) H978)‘ (1979) 

DATE 

Figure: 33.; Sulphate I‘educiI1g PQPI.ll3tI0fl8:Il‘I experiInenta.l;ponds.



millilitre. Two weeks after treatment, recoveries of colonies 
from the two oil-‘dispersant-treated ponds were a factor of 
10 higher than those from the control pond, and the oil 

pond also exhibited ‘densities higher than the cont_rol pond. 
This hierarchical pattern persisted until late September 
(‘day 84), ‘with v’a‘l'ues‘ recovered from the ponds treated 
with dispersant reaching counts of 10° organisms per 
millilitrel This patterncontinued but at lower values until 
January of 1979, after which time there were no clear 
patterns dependent on treatment and the counts fluctuated A 

between 103 and 10‘ o'r'gan_isins per millilitre. 

Heterotrophic population data are separated in 

Figure 31 to show the counts in the sneer surface and near 
bottom water samples over the study period. Prior to the 
June sample, the ponds exhibited a tendency for the 
heterotrophic populations from the‘ bottoms of the ponds 
to be about equal to those collected from the ‘near surface 

' waters. All June samples and those from the control pond . 

taken over the summer and fall had higher microbial 
densities in samples collfiected from the near bottom levels 
than from the near surface leve|_s.~ In the oil-di_spe"r‘s'a'nt— 

treated ponds, there was a tendency for the top and bottom 
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Figure 30. Total heterotrop_hi'c‘bac1.m-ia.l populationsin ponds (incubated at 20° C).



TOTAL 

No. 

OF 

ORGANISMS 

PER 

IIIL 

WATER’ 

~ ~~ ~ ~~ ~~ ~~ 

:|-' 
;Z 
EU] To 
20) 
M1 
-1: 
10D 
_I 
".- 

31 3; 
>- 33 
on 9 
ca 2‘ 
Lu I 
E 81 
2 I- 
iu E 5 o 
u; ‘.3 4 ‘O . 

n’ m 105: I I I I I I I I I I I I I I I I 
_ 

I I T I I I I 5 _Q -204 -168 -147 -126 -105 -77 -56 -28 o 7 14 23 42 -56 70 84 112 140 168 203' 231 252 294 323 350 385 < 1 . 

(0 2 DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL 
(1977) (1978) (1979) 

DATE 

Figure 28. Tomlmicrobinl biomass_de1Jermined usingepi-fluorescence techniques. 
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Bacteria 
by 5.4. ourka and A. Kwan 

METHODS 

Water samples, were taken from the near surface, 
mid-depth and near bottom ‘levels, and then refrigerated 
and returned, to the laboratories for analysis. Aliquots 
from each sample were removed to determine a number 
of microbiological pa’rfafrfieters.; 

The microbial biomass was estimated by the use of 
epi-fluorescence microscopic techniques (37). Heterotro- 
phic bacterial counts were determined by using the spread 
plate. procedure (37); one aliquot was incubated at 20°C 
for seven days: and another at 4°C» for 14 days. Sulphate 
reducing bacteria‘ were estimated by Most Probable Number 
(MPN) procedures (37) as were sulphur oxidjzuing bacteria. 
Adenosirie tjr_iph‘_osp_hate (ATP) levels were determined by 
using 3 Dupont Biometer (-38). The ATP data were recorded 
and reported as femtograms per litre. 

Bacteria populations able to utilize nondegraded oil 
as the sole source of carbon were estimated by the use of 
spread plate techniques. l\lo_’rrnan Wells crude oil was used. 
It was added to a carbon-fre_e chemica||y.defin‘ed solution 

(10% v/v) and shaken for two months on a reciprocal 
shaker at 20°C." Foil was loosely placed over the top of the 
container to pe‘r’rfnit t_h_e more volatile components‘ to 
eva‘pora_t_e.; Becteribal _po__pu|ations "that" were able to utilize 
degraded oil as. the sole carbon‘ source were also d_eterm_ined 
by spread plate techniques. The carbon source was prepared 
by taking a’ fresh Norrnan "Wells oil and carbon-free water 
mixture (10% v/v) and adding to it a Teflon membrane 
through which 100 mL of pond water had been filtered to 
("provide the rn'i“cr'obial' ‘inoculum. The mixture was shaken at 
20°C for four rnonths in t_he dark and then sterilized using a 
Toshiba series microwave oven set at the maximum 
setting for 10 min. The oil-water-bacteria mixture and the 
oil-water mixture were’ refrigerated until required for 
incorporation into basal agar media for use in the spread 
plate procedures. The data, unless otherwise stated, are 
presented as the geometric mean derived from duplicate 
samples from the three water levels. 

Toixicity tests on the dispersant were conducted 
using the bacterium Spiri/Ium vo/utans, and these results 
are contained in Appendix E. 
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CHAPTER 4 

RESULTS 

The total microbial biomass in the ponds, as estimated 
by using the epi'-fluorescence technique, is illustrated in 
Figure 28. Prior to treatment, the ponds had sirni'|a_r flue-‘ 
tuating populations, averaging 105 3bacteria_ per m,i_l,|ili_t_re. 

Seven days after treatment, the oilsdispersa_nt—treated ponds 
had the greatest _rnicrobia| biomass, while the pond with 
only the oil had the least. The results for day 28 after 
treatment were similar; all of the ponds had a -tenfold 
increase in the bacterial populations by late September 
(day 84) and then decreased to normal levels throughout 
the rest of the experiment. During this time, microbial 
populations in the control pond after treatrnent- were 
generally lower than in the treated ponds. 

Microbial biomass estimates expressed as femtografns 
ATP per 1000 mL of sample are displayed in Figure 29. 
The results show that the mbicirobial, ,bi,o_mass in’ the treated 
and untreated ponds fluctuated at about the 10° femto— 
gram level and that "there was no consistent hierar¢hiea_l 
pattern (ordering of response of systemsi with respect 
to treatment) dependent on the addition of oil or the 
oil-d_i_spersant mixtures to the ponds.’ 

These two methods estimate the total biomass, 
but do not show the effect of stresses on the various 
physiological groups that make up the rniero:biol,ogi,cal 
community. Therefore a number of d_iff_erent types of 
plating and MPN‘ procedures using various media were 
carried out to indicate changes within the community. 

Geometric means of the recoveries from plating 
heterotrophic bacteria incubated at 20°C are presented 
in Figure 30. Following the ‘spring thaw of 1978,, high 
heterotroph populations were recorded. This was followed 
by a steady decrease in numbers until June’when these 
populations reached densities that were similar to those 
normally observed in temperate climates‘. During this time 
there was no ordering of the results from the specific, 
ponds. 

Samples taken one week prior to and one week after 
treatment also did not exhibit any pattern dependent on 
treatment and remained at about 103 to 10‘ colonies per



sp. or Qesmare/la ‘sp., with the occasional presence of 
Salpingaeca sp. (36); There were no cons‘picu'ous trends in 
their numbers or occurrence in the different ponds. 

Fliguyre 24 shows'the biomass of_ thecamoebae, which 
are testaceous (shelled) amoeba that feed‘ on fi‘|a‘mentous 
algae. These protozoa were abundant in the oil-ddispersantj-' 
treated ponds after the filamentous algae had become 
establishyed. Cycljdiurh sp.. b]i_oifnas”s is i|l'u's'tjr'ated in Figure 
25 and that of Glaucoma sp. is shown in Figure 2_6. Both 
ciliates feed on bacteria and generally grow where there 
are high, bacterial populations. Cyc/idium was the most ' 

abundant in pond No. 3, the i_nterior oil-di_soe'r§ant-treated 
po’n"cl. The other oil-dispersant-treated pond also had higher 
biomass values for this protozoa than the control pond. 
Very few Cyc/idiom were "found in the oil-treated pond. 
Glaucoma, also a bactivore, was found ‘predominantly in 
the oil-dispersant-tre‘ated ponds. The biomass of Dileptus, 
a large ciliate which feeds on other protozoa, is illustrated 

in Figure 27. The largest biomass of" this ciliate is found in 
the oil—dispersant-treated ponds. 

At the time of spring thaw in 1979, the melting ice 
and snow contributed fresh water to all of the ponds. 
Before this time, Cyc/idium, Glaucoma, ‘thecamoebae and 
Dileptus had enhanced. biomasses in -the oil-dispersant- 

treated ponds. In these two ponds, Halteria, Askenasia and 
Strobilidium were inhibited, with the l/oifticella and "zoo- 
flagellates being unaffected by treatment". After the spring 
thaw of 1979, Ha/teria, Askenas‘/'3, Chaenea, Strobilidiuni 
and Vortjcella were co'm'rno'n and abundant in all of the 
ponds. During the s_u_mmer, fall and winter of 1978, zoo-— 
plankton grazing pressure in the treated ponds was greatly 
reduced, This may be the reason that slower moving 
protozoa, such as Glaucoma, could survive. Halteria and 
Askenasia, which usually dominate the protozoan biomass, 
are capable of quick, short movement and thereby h_a_ve_ 

some defence against zooplankton predation. ' 
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Pro tbzoa 

Protozoa are unice|lu_|a_’r a_n:i_ma,|s which consume 
algae, bacteria, fungi and other protozoa and which are 
grazed gpon by zooplankton and zoobenthos. ‘The total 
population and biomass of the ‘protozoa in the water 
column for the" ponds are shown in_ Figures 18 and: 19, 
refipeetilvelly. In a comparison of these figures, it is apparent 
that the protoioa in pond No. 4 were generally smaller 
than in the other ponds du_ring the experiment... Imme- 
diately after treatment in the oil-dispersant-—treatecl ponds, 
there wag e reduétion in the numbers of protozoa which 
only lasted four weeks.» Their total nun-ibers and biomass 
then returned to levels similar to those in the control pond. 
l,nspeet_ion of the data at the genus -or family level permits 
a better understand_i_ng of the effect of the treatment. 
Figure -20 shows the biomass of Strobilidiuin sp., and 
Figure 21 illustrates the biomass of Ha/Vteria plus Askehasia. 
These were often present in all of the ponds before treat- 
ment, but after‘tre_a_t,rne;nt they jwereonly found in the 
control pond. There were few Halteria and Askenasia in 

both oil-dispersant-treated ponds from the time of the 
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addition of the chemicals until spring th_a_v'v' the following 
year. Strobilidium was not ogbserved _in_ these pends ‘after 
treatment and only appeared in low numbers after tlf1e_=fol-. 
lowing spriing. The oil-treated pond contained Stmbilidium 
during October and "November of 1978 but only ‘occasional 
individuals of Halteria and Askenasia du'r_ing this" time. The 
Askenasia and Ha/teria had recovered by the fo|_l_owing 

June. These two ciliates appear" to be inhibited by "the pres-' 
ence ofsoil or oi:l=dis'pe'rs"a‘nt 'rnixtu'res, while Strobilidium is 
inhibited by the presence of oil and dispersja'n_t;._ Halteria 
usually feed on bacteria, whereas Strobi/idjum can also 
feed on phyto‘pl'a_nl<’to‘n, especially diatoms. 

The Vartice/Ia sp. biomass and zooflagellate bio_n__1ass 
are shown "in Figures 22 and 23, respectively. The bacti- 
vorous Vorticella was fou_n_d in ell of the ponds, including 
the control pond, after treatment. The ’z‘oofl‘age'|'l'_’ates were 
sig‘nifica'nt contributors to all of the ponds before and 
after treatment. ‘These zooflagellates were not routinely 
identified to a lovv'e‘r ta)f<o‘njomiIc group. However, during 
the analysis of the phyto‘plan_kton, ”z6'o‘flagel'|ates were 
frequently noted, and these were identified. 33 Mbhas 

srrobmaium sp. 

3? 

aioMAss(mg/n§)x1o‘

3
F L 

P3 
20. 

P1 
20. 

. . . 
|| . . . 

V 

. . 

-140 -10 o 10 140 210 zeo 350 

TIME (days) 

Figure 20. Biomass of the ciliate Stiabilidium’. 

«ow Hallerla sp. and Askenasia sp. 
P4 . 

20. 

BKJMASS 

(mg/m")x10‘

o

3 
pa

I 

20 

P1 
20‘ -

I 
-140 -70 "'0 70 . 

I40 210 35.0 35° 

TIME (dBYS) 

Figure 21. Biomass of the c'ili_a,tes H_q_It__e_ria and As-kenasia.

21



apparent on the l5OM'NF values in the surface water sam- 
ples. Overall (day 5 to 385), the pond treatments decreased 
the FOMNF in the surface water samples by approximately 
the same amount. Ponds Nos. 3 and 4 both had higher 
FOMNF in the bottom water samples than the control 
iidfid.

' 

The data obtfairned cbv‘cuc|turi.n9 the pond samples on 
nondegraded and degraded oil are shown in Figures 40 and 
41. These‘ figures show that the Oil and oil-dispersant 
a‘dclitio'n's had no obvious effects on the percentages of the 
viablhe geo-aqii;ati¢ fungi ca‘pa_b'Ié' of using eithér'oi'| as .'-. sole 
carbon source. Selective enumeration of strongly growing 
fungal colonies also failed to reveal any obvious treatment 
effects, as shown in Figures 42 and 43. Although minor 
differences did exist between .nu.m}bers of oi.|-u.ti.|.iiin9 fungi 

20- 
on. 

10" 

on , . ,
. 

20- CONTROL 
V 

f

_ 

‘K.

~

~ 

'O|L- & DISPERSANT 
OPQND1 
-POND3 

FUNGI 

(% 

of 

the 

number 

of 

geo-aquatic 

fung_i)

N 

.

.

O 

10" 

_T_l>VT_‘l'_I1IY_ll|llllllI_1lVl 
200 150 100 so 0 so 100 150 200 250 300 350 400 

TIME (days before and after pond treatment) 

40. Temporal disI:rib'ution of fungi capable of growth on 
a medium containing Norman Wells crude oil as a 
sole source; data are presumed as the geomenic mean 
values of surface, ntiddepdn and bottom 
iaifiples and ire as a percentage of the 
numbers of viable geo-aquatic fungi in the respective 
_samples.; 

36 

in the ponds, they were neither substantial nor consistent 
enough to suggest the ex_ist_ence of a clear trend). 

Because an increase i_n the number of oil degrading 
fungi in the treated ponds was not detected, the possibility 
exists that the enhancement of the geo-aquatic fungi 
numbers that occurred in the treated ponds may have 
resulted from a secondary effect._ The toxicity‘ of ‘the 
added material would increase the amount of dead, organic 
material in the ponds. A corresponding increase in the 
numbers of saprophytes, such as fungi, would then be 
expected. If the chem_ic_als were also toxic to the compo- 
nents of the pond biota that also graze on the fungal 
hyphae or ‘spores, then a‘ general enhancement in the fungal 
hU'fi'1bel‘s' Would be observed. 
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This decrease may be related to the toxicity of the Corexit 
9527, which at 25 ppm causes a reduction in the growth of 
pond water fungi (4-1), or to some other parameter. At this 
same time, the fungal levels in the other two ponds had 
increased. By day 28, the fungal levels in ponds Nos. 2 
and 3 had i_ncreas_ed to CFU/1_ 00 ,mL and in pond No. 4 
the increase was to 500 CFU/100 mL, while a much smaller 
increase had occurred in the control pond. By the next 

tsampliang the levels in all ponds had decreased, but the 
treated ponds had higher values than the control. 

Samples collected between day 55 and day 83 after 
treatrn'ent- showed that an increase had occurred in all of 
the ponds,- but the increase was higher in the treated ponds. 
During the interval from 97 to 167 days, another "increase. 
in the fungal populations in all of the ponds was observed. 
All of the samples collected from pond No. 1 had higher 
fungal contents than those of the control pond, whereas 
only 75% of the sample sets from pond No. 3 exceeded the 
geo-aquatic fungal content of the control pond, as can be 
seen from Table 9. The mean difference per sampling day 
between -the oil-dis'persant—treated ponds and the control 
pond was less tha_n during the 55- to 83-day period. For 
the first time since pond treatment, the mean difference 
between the oil-treated pond and the control pond was 
less than in the pre-treatment period. 

The latter part of the study lasted from day 202 
to 385. For the first time since pond treatment, the oil- 
dispersant-treated ponds contained fewer geo-aquatic 
fungi than the control pond. The numbers of geo-aquatic 
fungi in the oil-treated pond were once again higher than 
i_n the control ‘pond, an observation that was heavily influ- 
enced by the results obt_a_ined on day 251.,OnIy 72% of the 
oil pond sample sets between days 202 and 385 had higher 
fungal contents than the control pond as compared with 
100% during the interval from 7 to 83 days after treatment. 

The _vertical distribution of the geo-aquatic fungi 
expressed as a percentage of the total number of samples is 
presented in Table 11. it is evident from the data that the 

maximum numbers of fungi occurred most frequently in 

the surface water samples from each pond and less fre- 

quently _i_n the mid-depth samples. This observation is‘ 

consistent with the fact; that the surface microlayer, which 
contains a higher population of fungi a_nd bacteria -than 
the rest of the water column, is contained within the 
surface sample. Air deposition of fungal spores may have 
contributed to the higher fungal content of the surface 
samples. Conversely, Table 11 also shows that the minimum 
number of geo-aquatic fungi occurred least frequen'tly in 
the surface samples and most frequently in the mid-depth 
and bottom samples. 

The addition of oil and oil-dispersant mixtures to 
the ponds appears to have lessened the surface weighted — 

distribution of geo-aquatic fungi in 1:he water column. 
Prior to treatment, the maximum ‘numbers of geo-aquatic 
fungi occurred most frequently in the su'rfac'e water sam- 
ples, especially in ponds Nos. 1, 3 and 4, while ’pond: N'o._2 
had only a slightly higher‘ Frequency of Occurrence of 
Max_im'u'm Numbers of geo-aquatic Fungi (FOMNF) in the 
surface water samiples in comparison with the bottom 
samples. Pond treatment caused seve_rfa_l short-term (7 to 
83 days) changes in this distribution pattern. in the oil- 
dispersant—treated ponds, the FOMNF in the surface 
samples decreased by an average of 53% and the corre- 
sponding decrease in the oil treated pond was 24%. In 

contrast, there was an increase in the FOMNF in the surface 
waters of the control pond. At the same time, the FOMNF 
in the bottom water samples increased by an average of 
25% in ponds Nos. 1 and 3 and decreased in ponds Nos. 2 
and 4. Further changes occurred during the period from 97 
to 167 days in which the FOMNF in the surface samples 
increased to 75% in ponds Nos. 1 and 3, the same fre- 
quency as in the control pond, whereas the FOl_\[lN"F in the 
su_rface samples from pond No. 4 only increased slightly to 
50%. At the same time the FOMNF in the bottom samples 
from pond No.4. increased to 50%. 

Over the period from, 202 days to 385 days after 
treatment, the effects of the added chemicals were not 

Table 11. Effect of Pond Treatment on the Vertical Dis'm'bu‘tion of Geo~aqua.ti_c Fungi 

Frequency of occurrence of maximum and minimum geo-aquatic fungal counts‘ 

sampling Pond No.1 Pond No. 2 Pond No. 3 ’ Pond No. 4 
V‘ _ 

Count period (days) Surface Mid-depth Bottom Surface Mid-depth Bottom Surface Mid-depth Bottom Surface Mid-dépth"B'6ttom' 

Maximum -216 to o 89 o 11 56 
' to 44 s9 0 11 67 

it 

o 33 

7 to 83 43 28 29 86 O 14 29 28 43 43 28 29 

97 to 167 75 25 0 75 0 25 75 0 25 50 0 50 

7 to 167 55 27 18 82 0 18 45 19 35 45 19 36 

202 to 7385 83 17 0 71 29 0 71 0 29 86 14 

7 to 385 65 23 12 .78 11 11 56 11 33 61 11 28 

M_ir_1i_mum Overall - 15 35 so 
_ 

11 4-6 44 19 51 so 15 31 44 

‘Counts aretexpressed a percentage of the total number of samples from each pond.
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it can be seen from Table 9 that where the percentage of 
surveys in which the mean fungal levels exceeds the control 
pond levels, the numbers of fungi were general_|y higher in 
the treated ponds than in the control ponds. From the. 
figure it is seen that the temporal distribution of the fungi‘ 
in ponds Nos. 1 and 3 was very similar prior to treatment. 
Initially, the numbers of fungi in ponds Nos. 1 and 3 
were less than in ponds Nos. 2 and 4, and during the 
pre-treatment period, the mean number of fungi in ponds 
Nos. 1 and 3 was less than in pond No. 2 by -768 CFU, 
or a par sampling d_iff_erential of %86 CFU, -as l,is_t_ed in 
Table 10. All of the ponds experienced a spring maximum 
in 1978, with the levels in ponds Nos. 2 and 4 being greater 
than in ponds Nos.; 1 and 3. 

Table 9. Relationship between Fungal Levels in Treated and 
Control Ponds - 

Percen’tage of samples in which the mean 
fungal levels exceeded control pond levels 

. Sampling Pond" Pond’ ' Mean of ponds, Pond 
period (days) No. 1 No. 3 Nos. 1 and 3 No‘. 4 
-216 to 0 67 45 56 67 

7 to 41 75 75 75 100 
55 to 83 100 100 100 100 
7 to 83 86 . 86 86 100 

97 to 167 10.0 75 88 50 
7 to 167 91 82 87 73 

202 to 385 83 57 70 71 
7 to 385 88 76 82 78 

The addition of the oi_l and oil-dgispersant mixtures“ to 
the ponds was followed by an immediate increase in the 
numbers of fungi in each of the treated ponds. This Was the 
most obvious in ponds Nos. 1 and 3, the oil:-dispe.l’sant—. 

treated ponds i_n whichthe increase was from 42 CFU'to 
159 CFU. The number in the control pond only increased 
slightly during this time. By 14 days, however, a "marked 
decrease had occurred in both oil-diispersafnt-treated: ponds. 

samples. 

Table 10. Comparison between the Numbers of Geo-aquatic in the Control and Treated Ponds 

sampling Difference between the -n_u:rr,t_t>ers of geo-aquatic fungi in the control and treated ponds (CFU) - 

period (days) (No. 1 .- No. 2) (No. 3 - No. 2) Mean (No. 4 - No. 2) (No.1 4- N6. '2)’/n (No. 3 — No. 2)/n Mean (No._ 4 —, No. 2-)/n 
l2'16 eo"o””‘ 

M 7 

-627" -908 -768 813 -70 .-101’ -86 
H 3 

456.5 
7 to 41 452 316 384 491 113 99 106 ' 123 

55 to 83 1675- 4994 3335 1982 558 , 1664 1111 660 
7 to 83 2127 5310 3719 2473 304 758 532 353 

97 to 1677 4377 548 2463 349 1094 137 616 87 
g 

7 to 167 6504' S858 6181 2822 591 533 562 257 
202 to 385 220 -.673 -227 2591 37 -96 -‘30 370 

_7 to 385 6724 5185 5955 5413 396 288 342 301 
n‘ — The number of sampling dates in interval. 
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Mycology 
by“ James P. Sherry and Scott Kuchma 

METHODS 

Samples for mycological analysis were taken from 
the near‘ surface, mid-depth and near bottom levels of the 
ponds and were im.med.iate|v r.efri.9erat.ed. a.nd transported 
to the laboratories where they were processed within 30 h 
of collection. 

The geo-aquatic fungi were enumerated using a 
membrane filtration procedure described in Dutka (37). 
Folilowing‘ triplicate filtration of appropriate aliquots, two 
of the ,membra_ne filters (0.45 gm) were implanted onto 
mARG‘PA agar (Appendix F) and were then incubated for 
five days at 15°C. The third membrane was plated onto 
mSTMEA agar and was also incubated at 15°C for five 
days. The mSTMEA is useful in the selective enumeration 
of pink and cream coloured yeast colonies. 

Fungi capable of utilizing either nondegraded crude 
oil or degraded crude oil as the sole source of carbon were 
also en'um'e'rated. Appropriate volumes of pond water were 
filtered -th_r'oug"h 0.45-um membrane filters which were 
then plated onto freshly prepa_red basal agar medium 
(medium OBA) containing either degraded or nondegraded 
crude oil (2 mL/22 mL medium); the control plates con- 
tai_ned no oil. The inoculated plates were incubated for 21 
days at 20°C and the fu'nga| colonies were thendenumerated 
as total colonies and were also judged, as well.-“developed or 
strongly growing colonies. The subjective) procedure was 
used to bias the data in favour of fungi that uti_lized the "oil 
as a carbon source as opposed to fungi growing on back- 
ground contaminants or impurities in the agar media. The 
oil media prepafratibon is described in the methods section 
for bacteria. All fungal colonies were enumerated using a 

stereo microscope. All data are arithmetic mean values of 
triplicate or duplicate determinations and are expressed as 
colony-forming units (CFVU) per 100 mL. 

The water mould or aquatic phycomycete content 
of the ponds was monitored‘ using two methods, one 
quantitative and the other qualitative. The num_ber of 
viable "water mould propagules‘ in the water samples was 
determined using’ a spread plate technique that used 1-mL 
aliquots from each sample which were spread onto the 
surface of predried plates of PSP agar and then incubated 
at 15°C for 48 h. The number of typical phycomycete 
colonies growing on each plate was then enumerated, and 

CHAAFTER 5. 

all of the potentially positive colonies were tr'a'n'sfe'rred 

into pure culture onto PSP agar and stored at 5°C for sub- 
sequentzidentification. The qualitative method is referred 
to as the “baiting technique." A 50-mL water sample was 
placed in a sterilized battery jar; then 1050-rnL additiof1s cf 
1% (w/v) N.aC| s.o|ut.ion. streptomvci.n (350 ppm) and 
sterile distilled water were made after which ten sterile, 
split hemp seeds were added to each iar. These baited 
samples were i_ncub_ated at 20°C for three days. Then 
650 mL of sterile di_stil|_ed water was added and the incuba- 
tion continued for an additional four days. At thatytime 
the number of colonized single seeds and clumps of col- 
onized seed were enumerated assufnits. lndividufal coloriized 
seeds and colonized seed clumps were transferred into 
pure culture on PSP agar and stored at 5°C‘ for subsequent 
identification.

’ 

The isolates were identified on the basis of their 
5 

asexual reproductive structures,_which were induced using 
the following procedure. The isolates were grown on PSP 
agar at 15°C for 24 h; then six sterile hemp seeds were 
placed on the agar surface, concentric with the colony‘ 
margin, and the incubation was continued for two more 
days at 15°C, after which time the hemp seeds were usually 
well colonized. The colonized hemp seeds were then 
transferred into glass petri dishes. Three seeds were placed 
in two dishes that contained distilled waterlacnd d_i_lute salts 
solution (Tablet F-5', Appendix F), respectively. After 24 
and 48 h, the developing fungal colonies around each‘: seed 
were examined microscopically for characteristic asexual 
reproductive structures. Occasionally, it was necessary to 
repeat this procedure or to incubate the" cultures overnight 
at 5°C‘ and then let them stand at room temperature for 4 he 
to induce asexual sporulation. Potentially positive isolates 
were identified to the generic level before they were'tab- 
ulated as confirmed isolates. Identifications were made 
using standard mycological keys and taxonomic references 
(40). 

R ESU LTS 

Geo-aqua tic Fungi 

Figure 39 shows that before the oil and oil-dispersant 
applications, there was little apparent ordering in the 
individual ponds on the basis of the fungal, data, However,
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Figu1‘e'37. Bacterial recoveries front 
_ 

samples v'i/here 

nondegrgtled Not;rn_an_ Wells, crude oil is tlfe sole carbon 
5.0..u,1'ce- 

ponds. The addition of oil and oil plus dispejrsant to the 
ponds results in a 10 to 100{foj|d' itncrease i_n these microbial 
'pop1j|a'tiorjs'_re|,ative to the control pond, with the greatest 
i,nc_r,ease found in the ponds treated with oil plus dispers_arit;.' 
The microbial population's shown in Fjig‘u'e_s 37 and 38 are 
similar in concentjration and _se,ason,al distribution patterns 
to those of the hetesrotrophs incubated at 209C. 

' 

These r"ni‘crob'i'fal data shew that although there is a 
mihihnal distortion of the total bacterial populations when 
oil and oil-dispersant mixtures are added to the water 
column, these added ch'emic'als do cause a_ considerable 
shift in the corfipositjgn of the bacterial community. This 
is paffiticu,l,a,r|y emphasized in the heterotrophic bacteria 
pop,ulations and the sulphur oxidizing bacteria. Lovvering 
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Figure 38. Bacterial lc\.0VCfiflS from pond w§_ter____ jvhei-e 
deg;-aded N_o_tg_:_i_an Wells crude oil is ‘the. sole at-bun 
source. 

the iincubattison temperature for heterotrophs results’ in 
lower numbers of these, bacteria being recovered, 'r’efl_écf:'t_ing 
the influence of lower temperatures in’ theponds them- 
selves. Recoveries from the plsatings in which the oil, both 
degraded and nondegraded, was used as the carbon source 
were sirn_il,a_r to the densities determined for the heterotro- 
phic bacte,ri'a populations plated at 20°C. $'ihge the three 
sets of results were similar "with respect to population and 
seasonal diistribution, this suggests thatHth‘ese bacteria in 
the treated ponds were able to use the oil as a carbofh 
source. When the populations from the ‘near surface and 
near bottom were considered, the ponds treated with oil 
and dispersant usually had more heterotrophs, sulphur 
oxidizing and, _re,c__lucjng_ bacteria in the water column than 
the control and the oil-treated ponds.



Sulphur oxid_izri_ng bacteria densities are plotted in 

Figure 35. Before treatment all of the ponds had similar 
low densities of this physiological group — less than_ 100 
per m.i.|,l_ilit_re. _At7ter' treatment there was a rapid pop_u|_ation 
increase of about two orders of magnitude in both oils 

dispersant-treated ponds and ,a lower, but significant,
. 

inor'e”a'se. in the oil-treated pond. Trhroughout the ‘rest of 
the study, ponds Nos. 1 and 3, the oil-dispersantetrefairted 
ponds, usually maintavined the highest populations of 
sulphur oxidizing bacteria. By the end of the experiment,. 
the r_iufm'be'r_ of bacteria recovered from these two ‘ponds 
approached the values determined on the first sampl_ing 

day (_day --204). Throughout the time from treatment to 
defy 385, the control pond had the lowest populations. The 
_pop_ul_ations recovered from the near surface and near 

. bottom water samplges are 'plotted in Figure 36. The popuia:-: 
t_i'on‘s recovered from the near bottom samples‘ of the 

~ ~ ~ 

c_ont_rol_ pond are reasonably consistent, exhibiting three" 

maxima wh_ich decline to minimum values in the summers 
after the two spring» _rri”a)‘<i_ma‘r. The oil-treated pond also 
exhibited three maxima, with the ljaflst one occurring for 
the bottom water samples in the summer of 1979 and the 
ma_x_im_a having higher populations than thosein the control

‘ 

after treatment. P9'pu’I‘jati'on ‘trends in the near bottom 
water samples from the oijl-dispe‘rsant—treated ponds were 
not consistent between ponds Nos. 1 and 3, but both‘ 

' 

exhibited‘ a number of maxima and minirna-,e all at levels 

hrighejr »t_ha_]n those of the control pond. 

The results of the plating experi_ment's in which 
nondegraded "and degraded oil were used as the sole carbon 
source are plotted in Figures 37 and 38. Before the addition 
of chemicals to. the ponds, the _nu'mbe‘r of bacteria able to 
grow on ‘and utilize bothitypes of oil was .s_im_ilfa_r in‘ all four 
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Figure 35. Togal sulphur oxidizing bacterial popIIlations in cxperimenmlponds.



populations to be about equal in pond No. 3 and for the 
near surface values to be higher than the near sediment 
populations in piond No. 1. The oi_l,-treated pond exhibited 
trends similar to those of the control pond, but the hetero- 
trophic densities were greater than in the control pond. 

l-Ftecoveries of heterotrophic bacteria incubated" at 
4°C are plotted against time in Figure 32. These den_s_ity 
estimates are sbignificantly lower than those obtained by 
incubating at 20°C and show no ordering withrespect to 
treatment before the chemicals were added. After treat- 
ment, the populations fltuctuated widely, with the control 
pond usually having the lowest recoveries. "Samples taken 
after day 84 indicated that these heterotrophic populations 
followed a si_r'n_ila'r‘ pattern in all of the ponds, slowly 
peaking in March 1979 and then decreasing to. their 

minimum levels in July. 

There were low densities of sulphate reducing bacteria 
in all of the ponds, as illustrated in Figure 33. During the 
period from day 28 to day 56 after treatment, populations 
in the treated ponds were higher than in the control pond, 
with the highest populations‘ recovered from the oil-treated 
pond. For the rest of the study no consistent hierarchical 
pattern was observed. Maximum populations occurred 
between January 1979 and March 1979 (day 203 to day 
252), the period when there was an ice-cover over the 
ponds. After March the popu_l_at_ions decreased. The re- 

coveries of sulphate reducing bacteria from the near surface 
and nea_r bottom water samples are plotted against time in 
Figure .34. When sguvlphujrl ‘reducing bacterial populations 
were low, the densities from the n_ea_r bottom sarnp|es'w'ere 
generally equal to the near surface. When there was an 
enhanced value, however, the near surface densities were 
usually greater. 
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‘Figure 42. Temporal distribution of fungi capable of shoot" grown: 
‘on a medium containing nondegraded Norman Wells 
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ge.om;eg'.i.c~ values of t.n_I'.d-d.ePt.h. and bottom 
‘W'a't'e'i‘- samples and expressed as u péieentsse of the 

of gebaqaatié fimgi in the" tespeetive 
samples. 

Phycamycetes. . 

can be seen from Table 12, the hemp seed baiting 
t.e.ch.ni.qu.e did. not P.|'9..lI.iC1e‘¢:%§I.i'D‘l.§1:tf€5 of the Iihvcéfiivcete 
content of the pond water samples that were comparable 
with those obtained using the quantitative spread plate 
technique. The spread plate estigfivates. given ih Tafiblé 13. 
suggest that differences existed in the, phycomycete con- 
tent of the ponds prior to treatment. In particular, the 
l5.hYi:9rhY¢et_e Céfitéht bf thé ¢Qhtf§>.l iijohd VHS $UbStI3fiti5l‘|Y 
less than that of the other ponds. Com_paratively few phy- 
comycetes were isolated from the ponds during periods of 

eater, suggesting‘ that these lfuhgi do not thrive 'under 

so - 

OIL 
so- 

40- 

30 - 

20- 

10‘ 

O I'III 

& ‘.’

$ 
;N O l

4 ‘O
I 

~~

~ 

In I I I-I I I I I IV‘? I~-I~I~-~-- ll‘|ll.‘l'l7ll.l 

B‘ 

3:: 

1 

{I 

-0 

OIL & DISPERSANT 
FUNGI 

(% 

ofithe 

number 

of 

geo-aquatic 

fungi) 

40- 

30- 

20- 

G I I I I 
Iv“-I I’ 1' 

‘ 
I I. I‘ 

l to: l ,I,_ I _1_, I , .I§ I _l 

-200 .-150 :‘lOO -5.0 0 50 100 150 200 250 300‘ 350 400 

TIME (days before and after pond treatment) 

Fijufe 43. Tehiporfl distribution of of sq-ong grovytgh 
on n. xiiédiiifit ,c6htaifIing biodefiradcd Wells‘ 
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geometric mean values of surface, mid-depth and bottom 
water samples and are expressed as a percentage of the 

of 'v‘ixthle goo-aquatic tljic 

samples. . 

ice. Immediately after treatment (17 to 14 days), the phyco- 
mycete levels in the ponds changed. The control pond 
experienced a large increase to 19 CFU/50 m_L., whereas 
‘smaller increases‘ occurred in ponds Nos: 11 and 4, with 
pond.No. 3 experiencing a decrease.

V 

During the period of 28 to 111 d,ays'af.t_efr t_‘re_atjr_nefn_t-,- 

the number of phycomycetes detected in the control pond 
decreased to 8.1 CFU/50 mL, whereas‘ increases of 9.2, 
27.2 ‘and 5.3 cI=u/50, mL o.c_cu,rre,d in ,ponds Nos. 1, 3 and 
4,. respectively. The difference between the‘ phycomycete 
levels in the_tregte¢l and central fiends larger than 
during the pre-treatment stabilization‘ period, indicating 

'37



88 

Table 12. Comphrison between the Sp:-end’Platae Technique andtheflemp Seed Baiting Technique to Determine the Number of Phycomyeenesin the Pond Water Samples (expressed as 
' 

geometrlcimeani forvalues from surface, mid-depth andsbottom samples) 

Technique. -.216 -168 -149 -128 -106 -77 -66 -29 0 7 14 28' 41 55 69 83 97 111 "139 157 202' 230 251 296 322 350 385 

Pond No. 1' '_

_ SPE‘ 0 0 0 1 0 0 1.3‘ 0 1.3 3.3 1.9 0 1.3 1 0 1‘ 1 0- 1.3 1.3 1.4 1.6 
H¢m_p.'l' 1.3 0 0 0 0 1 1 0 7.2 0 1.3 3.1 3.3 5.3 1.6 1.4 2.6 2.2 1 1.6 2.6 2.6 2.0 1.4. 

‘Pond No. 2 
SPE O 0 0 0 0 0 0 . 1.3 1 1 0‘ 0 0 0 2.4 0 0 0 1.3 0 1 0 
Hemp 2 0 0 1.3 0 0 1.6 3.8 2.2 1.3 1.4 1.4 1 1.3‘ 0 0 1.6 2.1 0 0 1.6 1 1 0 

Pond No. 3
V 

SPF. 0 0 0 1.6 2.3 1.4 0 0 1 6.7 1.4 1.4 1 1.9 0 2.5 0 0 1.8 1 1.3 1.3 
Hemp 0 0 0 0 0 0 3.6 2.4 3.1 0 0 2.3 2.3 3.4 2.1 1 1.8: 1.6 0 0 2.5 1.3 1.6 

Pond No. 4 
'

V 

SPE 0‘ 0 0 1.3 0 1.4 0 0 1 0 1.8‘ 1 2.3 0 1 1.3 0 1.4 1 1 1.3 
Hemp 1.9 0 0 O 1 4 2.8 2.9 1.8 7.7 1 1.3‘ 0 2.5 

3 

1.8 1 1 2 2 1 0 3.1 2.5‘ 1 0 
’SPE — Spread plate estimateI(CFU/m‘L). 
'|'Hemp -‘Hempseeds colonized per 50 mL.,



Table 13. Spread Plate Estimate of the Numbers of Phycomyeetes in Pond Water Samples 

Mean number of phycomycetes (CPU/50 mL) per sampling interval (days) 
Pond number '-‘21s’:e o 7 to 14 2s :o"1‘11 Difference’ 296 to 385 Difference 23 to 385 Difference 

1 5.5 10.8 20 11.9 23 13 15.71" 
T Z ‘w9*.s“~ 

2 o 19.2 8.1 — 1o — 5.9 
‘

— 
3 12.5 3.2 35.5 27.4. 23 13 21.1 15.2 

4 6.4 11.7 17 3.9 20 10 13.6 7.7 

'Diffe're'nce befitween rtlijeinurrili-oler of phycomycetes in treated pond and the control pond for given sampling dates, which has-then been averaged 
over the interval of intsresta 

Table 14. Generic Identity of Pond Water Phycoinyoeces 

Pond number and genera isolated 
Collection, date Pond No. 1 Pond No. 2 Pond No. 3 Pond No. .4 

— 21 6 SaproIegm'a(1)‘ SaproIegm'a( 2) Sa‘pi"ole‘g'm'a( §) 
Pytbi1im( 3),Apba71omyces( 1‘) 

-168 » 

-.149 
-128 SaproIegm'a(2) 
. 1 05 Saprolegm'a( 3_) 
-7 7 Suprolegm‘a( 1‘) SaproIegm'a( 3) SaproIegm'a(1 1) 

Acblj/a( 1) 
— 66 SaproIegnia( 1) SaproIegm'a( 3) SaproIegm'a(23) Sa'pralegm'a(10) 

Pytbium( 1 ) AcbIya(1) 
-529 Sapro_Iegm'a_(10) Saproleg~n_ia(1_2) SaprolegnI'a(7) 

O SaproIegm'a(23) ' Sap'r'olegm'a( 1 0) Sapro_legm'a_(9) Sapralegnia(2 3) 
7 Sa'proIegm'a(1 1) ’5¢P'01§g7I_it1(3_) 

14 $aproI_eg‘m'a(5) Saprolegm'a( 5) Saprolegm'a(1) Sap'mIegin'a(2) 

28 Saproleg'm'a( 16) S_aproleg7_u'_a( 5) Saprolegm'a(21) Saprolegm'a(1.) 
‘ 

.41 Saprolegm'4(16) SapraIegnia(1) S_aproI_eg7.1i(l(13) SaproIegm'a(8) 
5 5 Saprolegm'a(1 5) Saprolegn'r'a(2) SapraIegnia(1 7) Sgprolegm'a(7) 
69 Saprolegm'a( 5) Supra leg'n'ia( 1) Sapraleg71ig(’2) 

8 3 
' 

S4praIegnia( 3) SaproIegm'a( 8) Saprolegnid( 9) 
97. Sap'r'ol_egm'a(8) Saprolegnia( 1 7) Saprol¢gm'a( 5) Sap'role'gm'a( 5),Pytbi7Ir'r’1( 1) 

1 1 1 Sap'r6Ieg1ir'a(8) SaproIegn_ia(6) SaproIegm'_a( 14) SaproIegm'a(9) 
1 39 SaproIegm'a(2) SaproIegm'a( 3),Pytb¢'um(2) 

1_ 57 Saprolegm'a(4) 
202 Saproleg’n'i_a(6) 

296 Sapral€87'i¢(1 1) Saprolegm'a( 5) SapraIegm'a(14) Saprole'g'm'a( 1 5) 
Pytbi'um(1) Pytb1'un_1(1) .

A 

3 22 Sdpr'ole'griia(9),Acblya( 3) Saprolegm'a( 1 ) Saprolegm'a( 2),Pytbium( 1) 
V 

Saprolegm'a(9) 
3 50 saproIegm'a( 1 2) Sap7"olegm'a( 3) SqproIeg7_u'a( 7) S_aproIegm'a(2) 
385 Saprolegr1ia(6),Pytbium( 1) Sap‘7"oleg‘m'a( 3) Saprolegn_i4(2) 

‘Numbers in parentheses denote the total number of isolates from hemp seed baits and spread plates. 

that stimulation of the phycomycete populations may have 
occurred. Phycomycete population levels in the treated 
'po_”rf1d_s_ reriiained hi'ghe'r than in the control pond for the 
duration of the spring and early summer of 1979 (days 
296 to 385). 

The ‘water moulds isolated using the hemp seed 
baiting techniques and the PSP spread plates were identified 
to the generic level, and those recovered are listed along 
with the corresponding isolation frequencies for each in 

Table 14. The vast-majority of the isolates belonged to 
the genus Saprolegnia. In freshwater aquatic systems, 
Saprolegnia spp. are thought to function as fast-growing 
primary colonizers of dead organic r_natter. Phythiqm spp. 
and Achlya spp. were also occasionally isolated from the 
ponds, but only’Sapro/egnia was recovered from the control 
pond after treatment. Un'fortuna’te'ly, the data obtained 
from the ponds are too limited to conclude that this is an 
effect of the treatment.



Discussion 

The purpose of the ex'perime‘nt~. was to follow the 
fate of oil and oil-dispersant mixtures and to study their 
impact on the food web. To ascertain properly the impact 
of the chemicals on ‘the biota, the cohceh_t_rat_i_ons as as 

fun_ctio_n of time and the fate of the added material must 
be considered. In an earlier report (8), these aspects were 
described and it is useful to"reite‘rate the fir'id'_i'figs here. Of 
particular i_rf‘rjportance is the concentration of the oil in the 
water column and a measure of the oil on the water surface 
and in‘ the sediment. The measurable thic_l<he_sses of the oil 
slii=i<"sf 6h the surface Of the treated ponds are illustrated in ~ 

Figure 44. Figures 45 and 46 show the concentrations of 
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CHAPTER 6 

the oil and dispersant in the water column. Table 15‘ lists 
the arnounts of oil’ fountl‘. in the sediment fro_rn each pond. 
Su.rfa.ce si.i¢]<.s were ini.tiaJI.v quite ,thi.ci.<-. resulting from the 
undispersed oil and dispersed oil droplets, returning to the 
surface. These slicks." disappeared within 70 days. In the 
oil-treated pond there wasan initial high pulse of-oil in the 
W319?‘ ¢5|‘U'fi1.h Whit!“ decreased t0 about 1 ppm. after one- 
day. In the oil-dispersant-treated ponds,‘ there‘ was aninitial 
high pulse of‘ oil in the water column as well as a simulta- 
neous but lower pulse. of dispe”rsa‘r)t. The oil eonoentjratijons 
in the water. re_rhai_n.ed. above 2 ppm tor.55 daYS after 
treatment in pond No. 1 and for 84 days in pond No. 3. 

. Appreciable‘ amounts of oil were found in the sedirfie‘rit at 
dev after the addiitieh of the e‘.he.r.n.i.c.a|s in all treated 
ponds. The final distribution, of the oil determined 3.85 
days after" treatment is shown‘ in Figure 47. Most of the 
residual oil (53%) in the oi"!-treated pond was found in the 
.sed.ir‘.heht~. with a)bo'u't- 25% of the oil being unaceou.nted 
for. In the oil.-disHp_ersant—.treate_d ponds, about 30% of the 
oil was found in the sediments with about 47% of the oil 

ll 

,. ‘ 

OLA@DlSERSANY»CUCENTRATUISNT|'EVlK|'EOCH.lJJ4 
m_ POM)! 

T'..._a_
V 

-e-----DISPEBSANT 

‘ 
_/~—4\g .4r‘°':"V: 

. .: , 7.. . .¢'Z .. 
20 ,4‘) 00 N__‘@ 120 M0__IO I80 2W_V;_2fl0 240 2@,,?& J1) N0_5CU CIIO 

DAYS 

~
~ .. ...., ._. _, , 

. 23: ago 
' 
zéo in do ‘:40 gm~ . . 

— 
.

: zo_'”4'o‘:eo_ eo'Vno t2n'uo'.iso'_,.rao ‘zoo _22o 
oc'r ' luscr--> " 'FEE» 

Eigure 46.'*Concenu"ation of ‘oil and-‘dispersant in Ihc:VVBt¢l'_1c0l|iiiilIS' 
o_f. the .951?‘-x .9.-mi ;d.i9l2€!§%n¥*!r¢et§d..+l?9n$i§.(N9.8- 1. .a.nd.;3).--



Appendix A 
Sediment Analysis



sedjiment Analysis 

Particle size distribution of the sediment material was 
determined by Mr. G._A._ Duncan of the ,l_-ly'drau_lics Division, 
NWRI, using standard procedures (1). In Table A-1, the 
results are given in Psi values, since due to the large number 
of sarriples examined by the laboratory, "this scale was 
developed specifically as a statistical device to permit 
direct: application of conventional statistical» practises‘ to 
sedimentarydata" (2). Also included are the ”Wentvvo‘rth 

I 

Giradfe_s"’ (2), which give the unindoctrinated an appreciation 
of the physical sizes. 

REFERENCES, 

1. Diuncan, G.,A. and G.G. LaHaie. 1979. Size analysis 
procedures used in the Sedimentology Laboratory. 
NWRI Manual. CCIW unpub. ms. 

2. Krambein, W.C. and F.J. Littlejohn. 1938. Manual of 
sedimentary petrography. The Century Earth Science 
Series, K_.F. Mather (ed.), Appleton-Centjufry Crofts, 
I:-j.1.c...- ililéw York. pp. 8485. 
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Table A-1. sediment 

Wentvvorth Grade Wentworth Grade 
Psi 

_ 

(mm) Psi. (mm) 
-4.0 

_ 

16 0.5 
(2.48)‘ (7.35) 

-3.5 1.0 
_ 

0.5 
(2.70) (10.31) 

— 3.0 8 1.5 
1 (2.81) (14.89) 
-2.5 2.0 0.25 
(3.49) (11.71) 

-2.0 4 2.5 
(3.09) (10.94) 

-1.5 3.0 0.125 
(3.20) (7.43) 

-1.0 - 2 3.5 
(3.1 1) 

I 

(3.77) 

-0.5 ’ 4.0 0.063 
(3.07) (5.13) 

0.00 1
' 

(4.53) 

Note: By means of standard techniques, the material was found to 
have the roudwing composition: gravel: 17.76%; sand: 77.1%; 
silt and clay: 5.13%. 

‘Numbers in parentheses are the percent within Psi range.
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09 Table, B-1. Dominant Phytoplankton Species in Pondsnnd their Percent Contribution (abundance) 

Selemzstrum. minutum 5.6 

Pond.No. 1 ‘Pond No. 2. Pond _No. :3 Pond’No. 4 
Date ‘Phytoplankton Percent Phytoplankton Percent Phytoplankton Percent Phytoplankton Percent 

78-04-159 Uroglenanlbotrys 38.6" Dinobtyon sociale 5.2 D. sociale 75.5 D. saciézle 58.6 
(day -77) Selenastrum minutum 9.1 

' Dictyospbaefium Rbodomonas minuta v. R. minutaev, 
' 

R. mimua 7.6 pulcbellum 4.1 nannaplnnk tonica 18.4 nannoplanktonica 27.1 
R. minute’ v. Cryptamqnas:erosa 5.2 Katablepbaris ovalis 2.0 Cbrysidiastrum 
nannoplanlétonica 40.6‘ R. minuta v_; R. minuta 2.0 catenatum 10.0 

nannoplanktonica 24.7 C. erasa 4.2 
Péridinumxpulvisculus 0.7 

78-05-09 I 

R. mimua v. D. sociale 63.6 D. mciale 98.1 D. sociale 88.3 
(day -56) vnamroplanktonica 9.8 R. minuta 3.2 Gymnodiriium fuscum 0.6 D. pulcbellum 2.3 

' D., pulcbellum 21.2 K. omzlis 4.7 
Apbanocupsa elacbista 1 3.9 G. fuscum 2.9 
Gymnodim'um‘sp. 3.8 

78-05 -22 ,Cbramulina spbaeridia 14.5 D._ social? 42.9 D. soriale 18.9 D. saciale 34.6 
(day —42)- - C. minuta 17.9 Oscillataria C. -minuta. 5.9 C.’ minuta 55.8 

D. pulcbellum 26.1 obliqueacuminata 34.5” K. ovalis 2.3 Cbrysocbromulimz 
K. ovalis 15.3 R. minuta v—. puma 2.3 

nannoplanlétonica 14.6, U. botrys 
' 

1.2 
K. oualis 5.4 R. minuta 1.5 

'78-06-06 C. minuta 54.0 C. “puma 21.6 C. parva 86.1 C. minuta. 69.1 
(day —29)§ K. ovalis 3.8 C. minuta 64.7 C. minute 12.8, R. minuta v. 

C. erosa 5.2 K. oualis 2.9 Selenastrum‘m¢'nutum 1.0 nannoplanktonica 19.3 
R. minuta v. R.- minuta v. ’ 

C. erosa 8.8 
nannoplanktonica 2.8 nannoplanktonica 2.9 Elakatotbrixgelatinosa 6.1 

Mouggotia uiridis 5.2 

78—06— 22 Ocbromanus sp. 20.7 C. parva 3-1.0 C. parua 15.7 0'cbramonas- sp. 5 5.1 
(day -14) C.‘parva 5.5" C. spbaerica 11.6" C. spbaerica 5.3‘ 4» ‘C. parva 5.8 

Cblorella sp. 56.7 Cbvysoccaccus sp. 42.4 Cblorella sp. 57.7 K. ovalis 5.5 
" 

Cblo’rella,sp. 10.1 S. minutum 8.7 R. minuza v. 
E. gelatinosa 1.8 . R. minuta v. nannaplanktonica 6:4 

nannoplanktonica 3.4 E. gelatihosa 21.0 

78-06-28 C. minuta 96.0 C. minuta 54.3" C. minuta 37.1 -C. minuta 48.8 
(day -7) D. sociale 2.0 C. parva 9.1 ‘C. parua 42.9 «C. pawn 27.9 

R. minuta v. Ocbromonas sp. 6.9 R; minumv. O. spbaeralis 8.8 ’ 

nunnoplanktonica 2.0 'K.. ovalis 1.7 nannoplanktanica 4.9 E. wviridis 6.3
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Table 3-1. Continuéd

~ 
Pond No. -1* Pond‘No. 2' Pond No. 3 Pond‘No. 4 

Date‘ Phytoplankton Percent Phytoplankton Percent Phytoplankton Percent Phytoplankton Percent» 

7.8-07-0,55 .CbmmuIina C. pawn 40.30 C. parva 82.2 C. parva _85:.7 

(day 0) mikroplankton 4.4 C. minute 35.0 R: minuta v. R. mfnuta v. 
Ocbromonus sp. 3 3.8. U. bottys 2.5 n'annopIank:am'ca- 3:0 rmnnoplan'ktom‘ca 1.3 

R. minuta v. R. minutav. vK.~ ovdlls 1.9 Eggelatinasa 1.7 

nannoplanktanica 3 .2 narmoplank tonica 1 0.0 00 cystis ‘Iacustris 0.7 Gymnadinium-fuscum 0.4 
Mougeotia viridis 2.1 Synedra ulna 2.5. .Sel,enam-um minutum 8.6 ' 

Apbanocapsa elacbism 3.2 M. viridis -2.5 E. gelatinosa 2.9 
E. gelatinosa 2.5 G. fuscum 0.4 

78-07-06 Cbromulina minuta 97.6 C. minuta 40.2 C. minute 54.2 C. minuta 25.1 

(day 1) E..geIatI'uosa 1.4 C. puma 13:4 Selenastrum mirmtum 20.8 C. parua 69.1 

M. viridis 0.4 Pandorina marum 3.9 Cblorellaisp. 20.8 E. gelatinosa 1.7 

O. Iacusm's_ 0.5 A. elacbista 12.0 0. Iacustris 4.2 Ulotbrix sp. 2.9 
R. minuta 0.6 

78-07 -19 Cbromulina minum 96.4 C. minuta 42.8 Ocbromonas sp. 45.1 C. minuta 86.8 

(day 14) Ocbromonas spbagnalis 1.1 Cbromulinu C. minuta 32.7 C. mikroplankton 4;7 

K. ovalis 1.7 mikraplankton 23.0 Oscillatoria E. gelatinosa 0.6 

Cblamydomonas sp. 0.6 C. -parva 18.13 obliqueacuminata 20.2 Cblamydomonas sp. 6.9 

Cbromulina sp. 3.3 Kircbneriella contarm 0.8 

K. oualis 1.8- 

M. viridis 1.3 

78- 08-02 C. mimata 80.9 C. mimua 64.1 Ocbromonas sp. 73.1 Selemzstrum minutum 96.5 

(day 28) C. pawn 2.8 C. pawn: 11.7 C. minuta 19.8 C. parua 2.3» 

Cblamydomonas-sp. 16.3 K. ovalis 16.4 ‘C. «parva 1.9 
Merismapedia glauca 7.8 Cblamydomonas sp. 1.5 

K. ovals‘: 2.3 

78-08-15 C. minuta 95.1 C. minute 53.4 Ocbromonas ovalis 96.7 S. minutum 70.9 

(day 41') C. parva 3.3 O. oualis 4.0 C. minutq 7.3 Cblamydomonas sp. 1.2 

U. botrys 1.2 Oocystis submarina 28.7 0. ovals’: 16.6 

0. sub'man'na 0.8 Scenedesmus Peridinium puluisculus 1.7 

quadricqudu 2.4 
K. vovalis 4.5 

78-08- 29 Cblorella sp. 86.7 C. puma 20.6 bacystissubmarina 34.4 Selenastrumminutum 47.3 

(day 55) Cblorellasp. 8.0 Dinobvgyon sociale 20.6 Cblorellatsp. 53.6 Cblamydomonas sp. 2.8 

Ocbromqnasnannos 5.7 Crucigeni'a'rectangular1's 1 3.7 Cblamydamonas sp. 0.1 Merismopedia glauca 30.1 

Kircbneriella subsolitaria 4.6 O. nannasi 3.0 P. pulvisculus _ 
4:9



S TablevB—l., Continued 
Bond No. 1= 1Pond*No. 2 

_ 
Pond No. 3‘ Pond No; 4 Date Phytoplanktonx Percent Phytoplankton Percent Phytoplankton Percent Phytoplankton. Percent 

.7;8-09-112. ' 

~02 mmnos 78.2 S. minutum 46.1 Ogsubmarina 99.4 S. m’inut'um= 16.1 ‘(day 69) ‘Cbromulina spbaeridia 13:2 C.‘rectangularis 14.3‘ S. quadricauda 0.6 S. ~quadritauda 2.8‘ 
Cbromulina minuta 3.2 Cblamydomonas sp. '3.6 
K. ovalis 6.4 C.‘ minuta 9.3 
R. minuta .v. Merismopedia glauca 51.4 nannoplanktanica 10. 3 

78-09-26 U. botrys 25.2 0. submarina 10.8‘ Ankistrodesmus falcatus 12.9 (day 83) S. quadricauda 5.4 Cblorella sp. :86.5' ‘C. ‘erosa 10.8 Botryococcus braunii 20.7 Spbaerellopsis M. glauca 10.8 Selemzstrum minutum 17.8 fluviatilis 0.9 Ampbidinium turicense 8.6 
S. minutum 0.9 
P. -pulvisculus 0.9- 

78——10-10 C. erasa 45.5 D. sociale 16.5 Cbrysidiastrum C._ catenatum 12.4 (day 97) Ocbromonas sp. 1.2 U. botrys 51.6 catemztum 74.8 A. falcatus 37.1 Dinobryon sociale- 14.7 Syminuzum‘ 13.4 C. minuta. 1.9 C. erasa 24.7 G. fuscum 22.3 C. rectangular-is 3.1 Cblamydomonas sp. 1.9 
Cblorellwsp. 8.0 Cblorella sp. 1‘8.6 

' 

P. pulvisculus _3. 3 

78- 11-21 C. catemztum 35.9 U. botrys 63.6 G. fuscum 23.5 U. botrys l’7.6 (day 139) Uroglena botrys 26.2 D. sociale 12.9 S. fluviatilis 55.8 C. minuta 41.9 C. minuta 2.4’ Ccatenatum 1.5 A. falcatus l‘1.0 Selenastrum minutum 1.4 K. ovalis 4.5 B. braunii 7.4 
K. ovalis 143.2- 

78—12—1‘-9 C. catenatum 22.0 U. botrys. 86.9 Ocbromonas sp. 9.3 U. bony: 16:6 (day 1167) U. botrys 23.1 C. catenatum 7.1 C. minuta 18.6 C. eroxa 1030 C. ;minuta, 50.8 R; minuta v. Ampbidinium turicense 8.1 K. vavalis 5.3: C. erosa 2.59 nannoplanktonica 5.5 
R. minuta 1.1 

79-01-23 C. minuta 50.4 Cblamydomanas sp. 40.7 S. fluviatilis 25.9 C. catenatum 40.8 (day 202) Cbromulinu sp. 5.0 K.‘ ovalis 5.1 Cbromulina sp. 21.0 Cbromulina~sp.. 16.3 Ocbromonasmutabilis, 15.6 C. erasa< 
. 4.2 Ocbrommmszsp. 6.7 B; braunii 16.3 K. ovalis _ 4.25 A. elacbista 40.8 C. erosn 10.0 R. minuta 9.2 O. obliqueacuminata 13.3 

C. erosa» 3.1

~
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Table -B -1. Continued 

Pond No. 1 P'ond5No. 2 ’ Pond No. 3 Pond‘ No.41 
Date Phytoplankton Percent Phytoplankton. Percent Phytoplhnkton Percent Phytoplankton: Percent" 

79-02-20 R. minuta v. Cblamydomonas‘ P " imanas- 
(day 230)‘ znannoplanktonica 140.9 stro‘bscbneideri 32.0 minutissima 7039 

R. minuta 27.9 Microtbamnion M. strictissimum 8.5‘ 

Cryptomonas caudata 28.8 strictissimum 1 3.2 Cblamydomonas 
K. ovalis 9.4 ‘K. ovalis 10.53 .gIobosa' 7.3‘ 

P. puloisculus 9.4 C. erosa. 12.1 Cblumydamonas sp. 7.3 

79 -03 - 1 3 Oscillatoria limnetica 29.7 0. Iimnetica . 3.4 Katablepbaris ovalis 19.0 Ocbromonas; pallida 3.6 
(day 250) O. granularis 9.9 O. pallida 3.7 Cblamydamonas sp. 19.0 0; Iimnetica 3.859 

C. erosa 10.9 K. ovdlis 11.4 Ocbramonas gmnularis 14.1 
R. minute 76.0 Cbromulina éluegans 9.1 
B_ot1yacoccus.sudett'cus‘ 5.5 Cblamydomonus 

globosa 9.6 

79-04-24 Oscillatoria Iimnetica Ocbramonas miniscula 64.4 0. limnetica 41.8 Pandorina moruin 1 3.5 

(day 293) forma 42.5 0. Iimnetica 5.1 K. avalis 13.7 Planctocaccus alsius 6.1 
Cbromulina minuta 18.7 C. parva 4.7 Ocbromonas»mim'scu.'u 111.9 0. miniscula 8.4 
Oscillatoria limnetica 17.0 Gymnodi ’ ordinatum 4.4 Cbromulina minuta 11.9 Cbryolykos skujai 1 1.0 
K. ovalis 4.2 C. rectangularis 3.7 Nitzscbiagracilis 6.8 Gymnodinium varians 9.9 
Cbromulina elegans 3.6 R. minuta 1 3.7 

79-05-28 0. Iimnetica 17.0 0. miniscula 26.4 0. Iimnetica 37.0 0. Iimnetica 2.8 
(day 321') O. Iimneticafarma 43.8 C. rectangularis 18.5 Cbromulina spbaeridia 18.7 Cbromulina minuta 58.9 

Planktospbaeria C. marssonii 1 1.7 C. marssonii 1 3.8 Cblamydomonas 
gelatinosa 11.4 R. minuta 13.1 P. morum 5.9 glabosa 8.3 

C. minutu 4.3‘ Scenedesmus obliquos 5.7 Peridinium pusillum .5.2 P. morum 8.3 
Cryptambnas marssonii 4.4 C. marssonii 2.6 

D. sociale americanum 3.7 

79-06-19 0. Iimnetica 12.7 C. rectangularis 50.4 0. Iimnetica 45.2 Cbromulina minuta 26.8 
(day 350) O. Iimnetica forma 11.4 C. parva. 23.3 0. minisculiz 9.3 O. limnetica 10.7 

P. gelatinosa 13.7 R. minuta 4:0 Oscillatoria tennis -8.2 A. falcatus 9.7 
Carteria, Hebsii 12.9 Scenedesmus C. spbaeridia 8.7 S. obliquus 7.9 
O. miniscula 14.1 denticulatus 5.3 C. marssonii 5.6 Lyngbya limnetica 7.0 

O. miniscula 2.7 

79-07 — 24 Ocbromonus eleguns 85.6‘ C. parva 41.6 Planctacoccusalsius 48.5 C. erasa 13.4 
(day 385) Oscillatoria team‘: 3.7 Cyanarcus bamiformis 16;6 Oscillatoria minuta 8.3 Cbromulinaminuta 1 1.0 

V 

C. erosa 2.2 S. denticulatus 16.4 C; erosa 5.4» C.. marssonii 8.9 
Nitzscbia gmcilis 1=.5‘ Tetraedron .minimum 6.4 C. marssonii 6.5 A‘. fulcatus. -8.2 

Merismopediapglauca 1.6 Merismopedia R; minute 4.3 S. o‘bliquus' 5.7 
znnuissima 4.7
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Table C-Ira. Composition of Phytoplnnktpn Snbsamples for Species Cofitiilautixng Gfeaté 0.00045 glm’, August»29, 1978 
Position number 

Species 1 ~ 2 3 4 5 6 7 8 

Po_n_d No‘. 1 
cblareila sp. A 0.0048 0.002 0.006 0.005 0.002 0.003 0.002 0.003. 
Cblarella sp. B 0.046 0.038 0.061 0.046 0.045 0.048 0.045 0.045 
Scenedesmus_quadricau" 0.003 
Ocbromongs nqnnos 0.013 0.018 0.027 0.036 0.014 0.01 5 0.013 0.002 
C romulina minuta 0.001 0.006 0.002 0.001 
Cbfaifiillina sin. 3 1 0.006 0.012 
Cbromulina mikroplanktonica 0.002 

Pond No. 2 
Cmcigenia sp. -0.1 5 9 0.02 3 0.027 0.01 3 0.1 32 x 0.034 0.002 
Sceitedesmus quadricauda 0.001 0.001 x 
Kifcbixeriella szlbsolitam 0.002 0.018 0.001 
bocystis submarina 0.016 
Mougeatia viridis 0.018 
Te;rqe4ro_n minimum ‘ 

0.009 
ljflalzjatp t[m':_c;geI_a;in,0s,a 0.002 
bafcjj/'5-‘n‘s' I.mz§m's‘ 0.005 0.01 4

V 

cbloréila sp. 3 - 
. 0.002 

Dinobryon sociale 0.032 0.046 0.003 0.015 0.004 0.003. 0.010 
Urpgzqna botyjys 0.003" 

‘ 

0.005 0.005 0.003 0.008 0.014 
Ocbrqmpnas narinos 0.003 

. 

Cl)'1j75o"Cbf0fi111Iina pdrila 0.001 0.001 
Cryptomonas erasa 0.001 0.0_1-3 0.020 0.035 0.002 0.002 
Rbodgmangs mimtta 0.01 2 0.002 0.001 0.001 0.004 
R. minuta v. na1iuo'pIanlz‘tonic'a 0.01 9 0.016 0.008 0.0_1__2 0.020 
Katablépbaris oioalis 0.001 0.004 0.002 0.002 0.004 0.008 
Gymnadinium fuscum 0.008 
peoiginjym p_1_4_l'1:isc1_llus 0.004 0.043. 0.01 1 0.004 0.002 

Pond No. 31 1 

.

_ 

bacystis submarina v. variab. , 0.105 0.068 0.130 0.136 0.105 0.1 33 0.092 0.1 14 
CbI_o71eI];l sp. A ‘ 0.164 0.113 0.136 ' 0.178 0.118 0.122 . 0.152 0.121 
Cblorellfi sp. B 0.051 0.038 0.084 0.114 0.076" 0.067 0.1252 0.089 
Cbiamydamanas sp. A ‘ 

0.001 0.002 1 0.005 
Ocbromonas mmnas 

_ 

0.01 8 0.028 0.01 5 0.010 0.009 0.030 0.01 1. ‘0.01 3 

.P0nd No. 4 
bocygj; zqcumis ’ 0.003 0.010 0.021 0.006 0.011 0.086 
~S;¢lez1ast_r14_m omizzu/£14,211 0.003 0.001 0.001 0.008 0.001 0.003 0.002 
ClzIai(1y:ia’ritoiIas'sp. A 0.001 0.001 0.001 0.001 0.001 
Artkis2rode3'rh'us faicazus 0.001 
Mougeotia viridis 0.016 
bocysiis submarina 0.003 
Ocbromonas 0.005 0.004 
Cbvysamoeba 0.004 0.010 

_ 

0.010 0.00.8 
Uroglqpg botrys 0.005 0.001 
C13/ptgmanas _erosa_ 0.022 0.008 0.016 0.038 0.021 0.01 5 

_ 
0.018 

Rbadbinbfias ir't'I'i1'1'lta . 0.002 0.002 0.005 0.002 . 0.008 
Peridinium pulvisculus 0.01 2 0.05 2 0.081 ’ 0.009 0.07 5 0.1 32 
Merismopedia punctata 0.001

{ 

glaqcd ' 0.020 
Acbnunzbes sp. 0.001 
Nitzscbia sp.- 0.001 1. > 7 H : 

0.002 

"I;10t’0_;13r:8e'n0e bf s'0e0ie’s 18 ind1c‘a'te0 by x. ~ ~ :._. -_-_.—.;v. :5 .--‘ A.“ :' '~. -4 “.1
. 
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C- 1b.. C0_11_:p0§i;io1| of Phy00pl_a.nk_ton Subgamples for Species Cvonu-ibuting Grea,eer dun 0.00045 g/In.’ . I 25, 19779 

Species 1 2 3 
' 4 5 6 7 8 

P01j1_d N0. 1 

(30cys;_i;A.s_olit_aH1ji_a 0.064 0.047 0.052 0.016 0.056 0.045 0.028 0.063 
Asteracottus ,1i_mm»t,ic_u.s 0.031 0.020 0.024 0.014 0.031 0.021 0.018 . 0.022 . 

C1"m:ig'e'fu'a fectdfiguldfis 0.010 0.004 0.007 0.004 0.003 0.005 0.009 0.010 
'Closterium a6u'tuin' 0.002 0.002 0.001 0.002 
Tetrqqdron minimum 0.001 0.001 
Scenedesmus alzliquys 0.001 0.001 0.001 0.001 
s. quadiicaudzi 0.001 '

_ 

cblorella pyrenoikiasa 0.001 0.001 0.001 ‘0.001 - 0.001 
bocystis borgei 

I 

0.006 0,002 
Ocbromonn; elegans 0.57 3 0.559 0.739 0.685 0.455 0.545 0.48; 0.748 
Ma1l.om.on.4s .t9n.s1.4.r4.t_a 0-010 0-0070

_ 

M. pumizja 0.039 0.002 0.010 0.002 0.014 0.008 0.001 0.002 
M. acamdes 

H 
0.002 0.002 0.002 0.002 0.002 0.001 0.002 

Rbi20cb'iy's'is zézragenia 0.016 0.016 0.016 0.014 0.026 0.016. 0.01 5 0.018 
Cbrbhitciihh‘ e'Ieg2zi1's- 0.001 0.001 0.002 0.002 0.002 . 0.003 
Cryptomonas erosa 0.300 0.467 0.334 0.467 0.228 0.499 0.293 0.423 
C. rostrutiforrnis 0.038 0._019 0.005 . 

C.‘ marssonii 7 0.003 0.001 0.001 0.002 0.003 0.003 0.002 0.001 
C". cum 0.007 
Rbodomonas mmiuta 0.004 0.004 0.003 0.003 0.002 0.002 0.003 0.005 
R. Iacustris 0.004 0.002 0.003 0.005 0.018 0.002 0.002 0.003 

. Katableplzeris avalis 0.001 0.001 0.002 0.002
_ 

Gymnpdinium pert‘: 0.298 0.083 0.208 0.141 0.1 38 0.089 0.105 0.01 1 
G. ubefiimum 0.095 0.047 0.071 0.071 0.047 0.047 0.023 
G. means 0.004 0.002 0.002 
G. ordinatum 0.002 0.004 0.013 0.018 0.033 0.012 0.013 ' 

G. sp. A 0.078 0.240 0.1 56 0.269 0.065 0.1 31 0.140 0.405 
' m i71jc_onspic_um 0.014 0.027 

‘ ' 

0.01 1 0.044 0.007 
Nitzscbia gracilis 0.079 0.072 0.077 0.080 0.075 0.079 0.082 . 0.01 1 
N. palea 0.006 0.004 0.006 0.006 0.001 0.001 0.001 0.002 
N. lingaris 0.010 0.010 0.008 0.005 0.010‘ 0.006 
osc‘:"1'1m'n‘a minis. 0.009 0.035 0.006 0.024 0.031 0.0477 0.073 0.017 
0. lininetica 0.002 0.002 0.006 0.004 0.002 0.002 0.002 0.003 
0. Iimneiica v. forma 0.001 0.0020 0.003 0.004 0.002 0.001 
Merismopgdiq glajgqa 0.004 0.001 0.001 0.004 0.001 
Cbr’o'ac0'c_'cus ,Iimn;u'cus 0.006

“ 

Pond No. 2 
Tetraedron minimum 0._171 0.175 0.142 0.1 18 0.095 0.176 0.113 0.144 
Cosmgn'um'dgprg8s74m 0.009 0.003 . 0.060 . 0.015 
C. bio_cuI_n;;_m1 0.010 0.010 0.004 0.010 0.007 
C. sublfum uym 0.004 0.006 0.001 
C-: mergqntatum . 0.003 
¢;_-u_c.ige_mz: reqtgngulgris 0.018 0.01 5 0.009 0.009 0.009 0.021 0.008 
bqgysus s_0litaj7£a 0.01 3 0.01 3 0.007 0.009 0.008 0.005 0.016 0.015 
O. imirgei 0.006 0.003 0.002 0.008 
Sce'n'ede's‘r'ii'1is bijuga 0.01 3 0.014 0.014 0.003 0.002 0.006 
s. denzicaiatzis 0.021 0.012 . 0.020 0.002 0.004 0.028 0.032 0.021 
s. abliquus 0.002 0.006 0.003 0.001

' 

S. bijfiga v. irr_egularis 0.001 0.001 0.001 0.001 0.001 0.001 
Cblamydomanas ;p. A 0.006 0.007 0.004 0.002 0.001 0.009 0.005 0.006 
Spondylosium plqnum 0.002 ‘ 0.002 0.002 0.003 0.002 . 

As:mo'cocc'us 1j'mviezic‘u‘s 0.003 0.005 0.003 0.003 0,005 0,002 
Cdelashfum spbaericum ‘ 0.007 0.002 0.003 
Nepbrocytium Iimnetictgm o,oo‘1 o_oo1 
‘Salenastrum minutum o,oo1 o_o'o2 
spbdérocyszis scliroeteri o_oo5

’ 

Ankisirodesmusspiralis 0.006 o_oo1 

Position number
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' Table C-lb. Continued 
Position number 

Species 1 2 3 4 5 6 8 

A. falcalus 0.001 0.001 0.001 
Staurastmm paradoxum 0.007 0.003 
Pectodictyon cubicurh 0.004 
Cbrysocbromulina parva 0.054 0.05 5 0.042 0.046 0.005 0.05 1 0.05 5' 0.053 
Dinbbryon sbiciale V. amer. 0.006 0.014 0.005 0.012 0.004 0.000 0.016 . 0.010 
D. c'renuliz'tum 0.001 0.002 0.001 0.001 0.003 0.001 0.003 0.001 
D. monad 0.010 0.01 5 0.01 1 0.001 0.007. 
Ocbromonas elegans 0.002 0.002 0.002 0.002 0.008 0.008 

O. miniscula 0.001 0.004 
Mallomonas producta 0.003 0.007 0.004 0.012 
Cbromulina spbaeridia 0.002 0.002 
C. sp. A 0.001 

Mailomonas a¢.1aro‘ides 0.003 
' 

0.001 

Cryptomonas e'r'osa 0.097 0.105 0.117 ' 0.157 0.077 0.097 0.217 , 
0.141 

C. marssonii 0.027 0.021 0.0190 0.007 0.01 3 0.018 0.017 0.01 3 
‘ 

C_.~ ovata 0.006 0.007 0.005 
rostrqtiformis 0.005 0.003 

Rboddmoflas minyta 0.004 0.006 0.006 0.012 0.0072 0.008 0.004 0.008 

Katablepbaiis avafis 0.003 - 0.001 0.001 0.006 . 0.003 0.001 0.006 

Peyidinium pusillum 0.318 0.154 0.-3 38 0.092 0.246 0.1 74 0.081 0.092 

acicyliferum 0.035 0.017 0.070 0.014 ' 0.054 
Gyriinotiiriizgm ubenimum 0.110 0.1 10 0.088 0.066 0.066 0.044 0.022 0.066 
G. ordinatflih 0.009 0.01 3 0.01 8 0.009‘ 0.009 0.004 
G_. varians 0.001 0.001 
Cyazuntcus bamiformis 0.001 0.001 ~ 0.001 0.001 0.001 0.001 0.002 

Merismopedja ta ujssima 0.001 0.001 0.001 0.001 0.001 0.001 

Oscillatoria Hmnetica 0.001 

Pond No. 3' . 

Plahtotqccus aslius 0.290 0.298 0.330 0.327 0.354 0.370 0.376 0.362 

bocyszis s'oIitarI'a 0.009 0.000 0.008 0.013 0.015 0.010 0.008 0.009 

bocyszis Iacuszris 0.002 0.001 0.001 
‘(iflogterium acutum 0.003 0.001 0.002 - 

Ciycigen_ia reqtangularis 0.003 0.001 0.005 0.00_3 0.013 

Cbiofeila pyzenoidosq 0.001 
_

. 

Spbaer0cys‘tis scbroeteri 0.005 0.004 0.002 0.002 0.001 

Maugeotia sp. A 0.004 
ArgIz_is_tr0de._;mus spiralis 0.001 
Cosmarium biaculatum 0.002 0.005 0.002 

Asterococcus Iimneticus 0.002 
Pa1z__dp_rina marum 0.006 . 

.Ocbror'rjtoz1a_s globosa 0.003 0.002 0.002 0.003 

0. friifliibilla 0.001 0.003 0.008 0.006 0.001 0.001 

0. spbaeridia - 0.002 

Dinqbvgyon monad 0.001 0.001 

D. cqmpqzlzglastipitum 0.001 0.001 - 0.001 0.001 

.cbra'mi;Iina spbagridia 0.002 
C. miniita 0.001 0.001 0.002 0.001 

R_bizotbrysis temzgena 0.002 0,002 - 

Ciyp'tdmonas erosa 0.1 25 0.282 0.097 0.041 0.052 0. 391 0.093 0.173 

C. ‘iiia'r’s‘so1'n'i 0.020 0.01 3 0.016 0.078 0.041 0.019 0.037 0.021 

C. ovata 0.007 0.002 1

V 

Rlzodompnas minuta 0.006 0.007 0.005 0.005 0.004 0.002 0.002 

Katabiepbdris ovalis 0.001 
‘

. 

Gymnodinium icbehimuin 0.044 0.044 0.022 0.044 0.044 0.022 0.066. 

G. ozdinggum 0.027 0.01 6 0.017 0.008 0.008 . 0.008 0.01 6 . 0.01 5 

G. ifarians 
= 0.007 0.001 

G, gp, A 0.064 0.01 1 

Peridinizim pilsillum 0.014 . 
0.027 0.01 4 0.027 0.027 

0.009 P. qciculiferum

58



Table C-‘lb. Continued 

Species 1 2 3 4 5 6 7 ‘8 

P. in_conspigym 0.018 0.01 1 0.01 1 0.018 0.005 0.005 
Nitz_s_‘c[._ii_a zineqris 0.021 0.036 0.016 0.038 0.038 0,021 0.014 0.031 
N; gmilis 0.01 1 0.01 0 0.010 0.015 0.013 0.004 0.006 0.004» 

N. palea 0.002
‘ 

Oscillatoria temtis 0.013 0.026 0.004 0.030 0.003 0.022 0.021 0._046 

0. limnetica 0.003 0.002 0.001 0.002 0.002 0.002 0.002 0.002 
Merismopedia glauca 0.001 0.001 

Lyngbyq limnetitu 0.002 0.002 
Ap}1a'm'.z_om‘ei:‘abn flbos-aquae 0.003 

Pond No. 4 
Cblarella sp. A 0.017 0.004 0.014 0.004 0.007 0.007 0.01 3 0.001 
6. sp. B 0.001 
bocyszis solimia 0.014 0.01 1 0.016 0.012 0.014 0.0115 0.010 0.017 
0. lacustris 0.001 0.001 0.001 0.001 0.002 0.001 
0. submarina 0.001 0.003 0.002 0.003 0.005 
Ay;k_ismdesmus falcatus 0.002 0.002 0.003 0.002 0.002 0.002 0.003 0.001 
Cosfnariym b_zfo_cy,I_a_u4m 0.002 0.001 0.001 0.01 1 

Sceizedek’m"1Is-o'bli'i'1uus 0.003 0.001 0.001 0.001 0.001 0.002 0.004 0.001 
s. bijuga 0.001 0.001 0.001 0.001 
S. submarina v. variabila 0.001 
Mougeozia sp. A 0.002 0.001 0.005 0.002 0.001 
Crm.-igénia r‘e.c:ang_zzIan‘s 0.003 0.001 0.002 0.001 0.001 0.001 
Spbaerocystis scbroetefi 0.002 0.001 
Gyleotystis planktonica 0.00 1 0.001 
Cblamydonomqs sp. A 0.001 0.001 0.001 0.001 
c.. §p. B 

' 0.001 
Pandofina ii1'0'1'*'u"7ri 0.003 0.002 0.01 1 

Plantococcus alsius 0.001 0.001 
vP1g_nIg;o;br¢eria gelatinosa 0.001 0.003 0.002 0.001 0.001 
Cosmarium sybtymidum 0-001

‘ 

Aszefionezza l_i_m_n_et_ia_¢_s 0.001 0.001 0. 001 
coelaszfiim spbaeficum 0.002 0.001 
spbaerellopsis cyik‘im1ri‘ca _ 

0.003 
Oébidrfioitas ministula 0.008 0.004 0.022 0.005 0.008 0.013 0.020 0.001 
0. globosa 0.003 0.002 
O. elegans 0.002 
Clqromulinq minuta 0.002 0.001 
C_bryso_cbyo,muIina parva 0.001 0.002 
cryptommzjas erosg 0.097 0.161 0.1 55 0.219 0.081 0.406 ‘ 

0.110 0.161 
C. ina?§s'a7ii1' 0.017 0.006 0.013 0.007 0.018 0.017 0.025 0.008» 

C. ovata 0.003 0.006 ' 

C. curvata 
_ 

_ 

0.003 0.004 
Katablepbdris o"vaIi$ 0.002 0.001 0.002 0.002 0.001 0.002 0.002 
Peridinium pilsilluin 0.05 2 0.01 5 0.1 02 0.009 0.040 0.041 0.1 14 0.01 5 
P. inconspicum , 

0.015 0.003 0.027 0.004 0.026 0.024 0.017 0.002 
Gynmo 1' ' ordinatum 0.010 0.003 0.009 0.002 0.010 0.014 0.009" 0.002 
"G. van'ans_ 0.001 0.001 0.001‘ 

G. Igbewimum 0.011 0.01 5 0.01 5 0.018 0.007 

Position number
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Figure 47. Final d'isu-ibution of the oil in all treaned ponds (expressed as percent of added oil). 

being unaccounted for. Ponds Nos. 1 and 3, the two oil- 
'dispersant—treated ponds‘, generally ‘yielded similar results. 
However, -they differed i_n detail, such as in the concentra- 
tions ‘of _oil in the water column and the amount of oil 
recovered from the attached algal growth.» Slight differences 
in the biology of these two ponds reflect this variation. 
This: section of the report will correlate changes in the 
biota with 

_ 

the. fate of the oil and the interdependence 
within classes of the biota caused by the treatment. 

Oil or oil-dispersant films on the water— surface were 
inhospitable to surface insects such as Gerris sp. Although 
a surface sheen was not measurable after 70 days, the 
avoidance of the treated ponds by surface insec'ts,- despite 
an abundance of surface debris, indicates someresidual 
effect of the added chemicals. After the spring of 1979, 
surface insect populations on all of the ponds indicated 
that the oil was'no't influencing the surface, although there 
was still oil in each treated pond.
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Table 15. Amounts of Oil Recovered from Sediment 
Pond No. 3 Elapsed time Pond No. 1 Pond No. 2 . Pond No. 4 

after treatment (oil + D)‘ (control) (oiI+ D) ‘ 

(oil) 
Date 

V 
_ 

(days), 
» V 

(ms/sit (mg/s) (ms/8) (mg/jg) 

78-08-02 ‘ 28 0.27 0.08 0.1 3 0.21 
78- 08- 29 

' 

55 0.20 0.03 0.09 1 0.17 
78-09-26 83 0.03 0.01 0.16 0.30 
78- 10- 10 97 0.20 0.01 0.28 0.30 
78- 10- 24 1 1 1 0.13 0.02 0.75 3.99 
78- 1 1-08 125 0.03 N.,A. 0.02 2.21 
78- 11- 21 139 0.09 0.08 - 0.12 0.03 
78-12-19 167 0.23 0.02 0.10 0.16 
79- 01- 23 202 " N.T. 0.01 0.06 0.11 
79-02- 20 230 N.7'l‘. 0.07 0.03 0.04 
79- 03 - 1 3 25 1 0.29 0.01 0.08 0.02 
79-04-24 293 0.24 0.02 0.29 0.1.4 
79-05-23 322 0.14 N.'I‘._ 0.29 0.47 
79-06-20 3491 0.10 N.T. 0.17 0.14 
79-07-24 384: 0.36 0.01 0.445 0.92 

‘(Oil+D) is oil and dispersant tre'a’t‘i'ne’nt. 
fThe weight. 9.1’ .o.i..l_i.I.1 a. stain. of sediment- 
1:-The values given for this date are the averages of many samples taken on this date. — No analysis. 
N.T. — No sample taken. 

The major effect of the dispersant was to introduce 
more oil into the water column for a longer period of time 
compared with the system without_ the dispersant added. 
The high concentrations of oil in the ’oil=dispersant ponds 
diminished as did the visible surface sheens by about day 
70, Oil in the water column could have risen to the surface, 
have been metabolized by bacteria or have sunk to the 
‘sediment. Undoubtedly, some of each action occurred. In 

the ‘oil-dis‘piersa‘nt-treated ponds, the oil in the water 
column should h_ave spread evenly over the sediment, as 
the oil was evenly distributed throughout the water. In 
all of the treated ponds, surface oil, after sufficient aging 
or weathering, would adhere to the liners or sink in a 
'ra'n'olo'nn fashion, producing areas of high oil concentration. 

Within a week, DO levels in both oil-dispersant- 
treated ‘ponds had decreased to less than 5 ppm. Concurrent 
with this were large decreases in the zoo'p|ank'ton popula- 
tions, increases and decreases in the fungal abundance, 
decreases in the total bacterial biomass and alterations in 
the phyt_op|_a_nkton commujnitie_s.« Valu'es' of DO remained 
lower in these ponds than in the control and oil-treated 
ponds 'uhtil later than 28 days after treatment, at which 
time the oil concentrations. had d.e.<:1r’eased to about 4 ppm. 
During this time, high heterotrophic bacterial and slightly 
elevated" ge_o-aquatic fungal populations were obtained 
from the water of all of the treated ponds. The oil had 
a primary effect on the heterotrophic ba1:ter’i.a. as -the 

heterotrophic populations were of similar magnitude and 
had the same fluctuations as those bacteria that could 
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grow on agar plates where oil was the sole carbon source. 
As there were no significaent d_if-ference_s between the 
numbers of fungi from the control and treated ponds 
enumerated on media that contained oil as the sole carbon 
source, it may be inferred that the fungi in the treated 
ponds did not p'r‘efere'ntially use the oil as the nutrient 
so.u.rc.e.- If they were "not .ut.i.l..iz.in9 the .o.i_l.-, the fungi. were 
apparently‘ using -decaying" plant and animal tissue, a sec- 
ondary effect of‘ the oil. The concentration of 1 ppm of oil 
in the o'i'I-treated pond was sufficient to produce heterotro- 
phic bacterial populations about ten times greater than in 
the control pond. After day 84, the heterotrophic ,ba_cteria_l 
recoveries from all treated ponds were similar, as were the 
oil concentrations. Throughout the winter the treated 
ponds tended to have higher recoveries of heterotrophs 
than the control pond. 

The phytoplankton biomass in the o,i_l_-di_sp_ersa_nté 

treated ponds was dominated by single species for the 
first few months after "addition of the chemical. Ponds 
Nos. 1 and 3 had several. c.ont.riib.uti.n9 classes to the i'>h'vtfo- 
plankton by days 69 and 97, respectively. At these times 
the concentrations of oil in the water columns were less 
than 2 ppm. Previ9u.s|v. the concentrations of oil as well 
as the dissolved organic. carbon in pond No. 3 expejrienced 
little, if any, impact from the added oil, which was less 
than ‘ppm except for the initial pulse. 

Periphyton collected from the plates was similar in 

all of the ponds at day 28, but at day 55,afte'r‘ treatment,



there were ‘noticeable differences between the oil-dispersant 
ponds and the control and oiled ponds. During the decrease 
of the water column oil-dispersant concentrations in the 
first week after treatment, many of the dispersed oil drop- 
lets returned to the surface. During subsequent decreases 
of the oil-dispersant concentration, some of the oil may 
have returned to the surface, but considerable oil sank to 
the sediment. As the plates were positioned near the centre 
of the .ponds, surface oil which usually collected near the 
liners and la’te'r sank would not directly influence the 
growth on the plates. By day'55, masses of the filamentous 
algae Mougeotia dominated the periphyton on the plates 
in pond No. 1 and Oedogonium dominated the plates in 

pond No.-. 3. Between days 28 and 55, the concentration 
of'oi| decreased by 2' ppm in both oil-‘dispersant-treated 
ponds and decreased by only 1 ppm after that time. 
Some of the oil reached the sediment. Mougeotia and 
Oedogonium are not known to be heterotrophs, but they 
were associated with the oil collected on the plates pro- 
ducing, suitable conditions for these filamentous green 
algae to proliferate. When strong reducing conditions were 
observed near the "bottoms of the oil-dispersant—treated 
ponds in March 1979, only Mougeotia was recovered. 
Oedogonium was dominant in the periphyton of ponds 
Nos. 2 and 4 at this time. These strongly reducing con- 
ditions possibly were caused by the respiration of the 
filamentous jalgae, fungi and bacteria. There were high 
sulphur bacterial reducing" populations in pond No. 1 at 
this time and in both ponds Nos. 1 and 3 in April of 1979. 
At the same time high concentrations of nitrate ion were 
observed in the waters of ponds Nos. 2 and 4, twice the 
concentrations found in ponds Nos. 1 and 3. These lower 
nitrate values were probably caused by denitrifying bacteria 
that existed under the strongly reducing conditions. 
Bacteria samples taken from pond No. 3 in March of 1979 
were taken from the upper level of the two-level sedi_ment 
bottom‘ and correspond to densities found in ponds Nos. 2 
and 4. 

The trends of the periphyton biomass may also 
reflect other conditions existing in the ponds. Once the 
plates were colonized, the biomass in pond No. 1 was 
greater than in pond No. 3 until March of 1979. After 
this time the biomass values from pond No. 1 were similar 
to those of the control and oil-treated ponds. Periphyton 
biomass values from "pond _No. 3 remained high and per- 
sisted at that level u_nti| the end of the ‘experiment in July. 
Zooplankton had been re-established in pond No. 1 by 
May 1979 and pond No. 1 had populations similar to 
those of the cont_ro|, pond in June and July. Pond No. 3 had 
much lower populations of zooplankton than ponds Nos. 1, 
2 and 4 during this time. The protozoa collected during 
April, May and June of 1979 were less abundant in pond 
No. '3 than in pond No. 1, and pond No. 1 had abundances 

approaching those of the control pondéafter April 1979. 
By the last sampling date in July 1979, all of the ponds 
appeared to have similar protozoan diversities. The higher 
biomass of the periphyton material in pond No. 1 and the 
slightly lower concentration of the oil up to April 1979 
suggest that there was a better utilization of the oil and 
hence a faster recovery rate for this pond. 

The zoobenthos results should be indicative of 
conditions in the sediment, the repository of the sunken 
oil. Tables 7 and 8 appear to indicate that ponds Nos. '3 
and 4 have recovered and are ’heaI_th’ie‘r‘ than the control 
ponds and pond No. 1, as they have high.er. .n'urfi_bers bf 
invertebrates. However, this may not be the case. If only 
Chironomidea are considered, as they are common to all 

ponds, the control ponds have very few individuals. This 
may be the result of the emergence of the Chironomidea 
prior to the final sampling, leaving low numbers. ’Tl1fe_ few 
individuals in pond No. 1 had larger volumes than in the 
other ponds, and these may have been preparing for 
emergence or have been closer to emergence than those in 
the other ponds. In pond No. 3 there is a difference in 
volume pattern, depending on whether the sample was 
collected from the lower or upper level of this pond. The 
Chironomidea found in the lower level, which had the same 
strong reducing conditions as found in pond No. 1, were 
larger than those taken from the upper level of this pond. 
Also to be considered is the fact that the average oil con- 
centrations in the sediment at the last sampling date were 
the highest in pond No. 4 and the lowest in pond No. 1. 

The large calculated volumes primarily resulted from the 
width measurements rather than the lengths. If the ponds 
experienced synchronous egg laying from the adults early 
in the year, the oil in the sediment may have delayed the 
hatching of the eggs or caused an increase in the instar 
duration.

' 

In a previous study (6), varying amounts of Norman 
Wells crude oil were added to lined-pond ecosystems. It 

was found that the more oil that was added to the system, 
the greater the stress on the elements of the biota that were 
examined. These elements included heterotrophic bacteria 
whose populations increased, the zooplankton whose 
populations decreased, and phytoplankton whose composi- 
tion and populations altered with increasing oil concentra- 
tions. In the present study, considerably less oil was used 
than in the former study. Even at the low concentrations 
employed, there was a reduction in the zooplankton 
populations, enhancement of the heterotrophic bacteria 
and fungal populations, and elimination of surface insects, 
with a minimal effect on the phytoplankton and an altera- 
tion in the protozoan community. The water column biota 
in the oil-treated pond had recovered by the following
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spring. However, over one half of the oil that was initially 
added was found in the sediment one year after treatment. 
Chromatograms of this‘ oil were similar to those of water 
su‘rf_a'ce oil analyzed in the fall of the previous years. it is 
unlikely that this sfedirnent oil would be significantly 
degraded by bacterial action. ' 

The action of the dispersant was to increase the 
amount of oil in the water coliijmn, ‘ajnd the higher oil 

concentration caused a co_nsid,era,ble pert_u_rbati_on, directly 
or indirectly, to the biota in the system. The heterotrobphic 
bacterial populations were higher than in the oil-treated 
pond and the fungal p‘o'pulations were. also enhanced. The 
eiliiited protoioan corI‘imt’ln.itv was altered.» with all ‘other 
zooplanakters being eliminated. The number of . major 
contributing ‘classes to the phytoplankton community was 
reduced when the oil concentrations were greater than 
2 Plilfit éliid til? a.f.Ti§li-.|.f.1t* Of~att3§héd .r'fia’.’te"r’iia.V| VVES 9l'é.3.’.(lY 

increased; Water surface insects were not observed, and the 
number and tYPeS_ of benthic organisms were reduced". After 
the fol'lowi'ng spiing, all of the water coljunin components 
of the biota had. recovered and were similar to those of the

_ 

control pond by July of that year. At the time of the last 
sampling in July 1979, less than one third ofthe oil initially 
added to these-two oil-dispersant-treated ponds was found 
in the sédiinent, 

These studies were conducted to reflect the worst 
possible case, one in which the oil is contained and the 
water not exchanged. .Such restrictions ‘do not inhibit 
‘various life forms ’from~enteri‘ng the systems, as indicated 
by the change -from .|’al<e ioor3j|a.ri.kton'to nond..2ooi>ilatii|.“ston 
during the first winter and as noticed during the recoveries 
of the ponds. In more open systemswhere the water‘ is b’ 

exchanged there would be di‘ffe'rences in the impacts. 
TlfII‘..bl_-|.|§n.t- diffLls'ioIh. may d_i.|Uté tl1fe'd4i.S'li¢.f‘§¢d, oil if! the 
water column -significantly before the oil droplets can 
surface or settle to the sediment. With sufficient dilution, 
the. e‘r’nulsi'o‘ns should not affect the plankters, Ho‘weve‘r, 

if the oil is d_ri.ve_n topshore or a. |.it;tor.al ilo..n.e.a many of 
the effects noted in this report may occur, especially the 
buildup of periphyton and the. effect on zoobenthos, as 

.well as the e_n.courja9e.m.eht of; h.eterotrob.h:ic ba¢te.ria.|. 

growth.
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Appendix D 
Zooplankiton Composition



Table D-1. Species List of Zooplnnkton in‘ Ponds Nos. 1 to 4 and Relative Abundance Acjcording to Sampling Date 

Species 

78-01-18 78-02-07 
' 

78-02423 78—03721 7.s:<24—.19.‘ 7§'.°§ 79?, 7§:9.5i',?§. 78-06-06 
'17?" ’3‘ 1 

, .3- 71 1 “2- 3 
"4 ‘1722 is‘ '4 1234 1 2 31} .4 

Palyartbm doliébopteia 
P. dolicboptera vulgaris 
P. major 
P. e‘iuyp'te’r'a 

Kératélla cocblearis cacblearis 
K. cocblearis v. robusta

‘ 

K. earlina 
K. crassa 
K. quadiata 
Asplancba sp. 
Lecane luna 
.13.’ Spa‘ 

Synbbaeta sp. 
Biaébioiius a'r'iguIaris 
B. urceolaris . 

Lapadella patella 
T estudinella patina 
Filinia terminalis 
Pampbolyx sulcata 
Tficboceica mulzicrinis 
Dapbnia sebodleri 
D._ pulex 
C bydargs spbaericus 
Basmiha lolngiiostris 
Scapbolebeb-1's kingi 
Alana sp_.; 
A. recymgula 
D:'a"pbos67r'ta leacb'te1;be_r 

Aloneila §p'. 
Diacyclops bicuspidatus tb. 
VAAr;a1gt_bopyglo»ps vernalis 

‘ 

Tfop"o‘¢:yclb‘ps p‘r’as‘inus 

Eucyclops serrulatas 
Diap'to‘r’iiuLs dregoneixsis 
D. fi1iiz'1l't'm‘ 
Nauplii 

' Cbaoborus'sp.

C CCMM 
I. 

CCMM 

Rcxux xc
R

X 

5550 ON 

'55 N X 

55 
>47! O

X 

><>< XX

X XX 

XX 

DUNN 

CCCC CCCM RXXR
R 

XX

X
c 

X50’ 

><>< 

WK 

WW ><>< X75

W
X 

CC 
XXV 

RRXR R R 

C
C

R

C
X

X
R

C
R 

WOW

C M
X 
CCC 

‘)0 

XXX 

50 

CW 

WXO 

W070 

7150.95

0 O X

C 

><B7><W 

R — fife. 
X — 1.0 or less- 
C = less than 100. M — less than 1000. 
P -— greater than ‘1 000.
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Table D -1. Cqnfinugd 
”'7g;o5:22 78-06-=28 78—o7—o_s 7_8—_07_—v0'6H 78-07-12 73-07-19 "78:-v0;;=()~2m3'7isl.oé,;;—.1; 

-Species .1234123412‘3»412341234123412341234 
cxxxc CR c R 

C X R 
CCXMCMCC MMMMC x 

_ccc xxc x 5U><§ 

P. enrypma 
Keratella cocblearis cocblearis 
K, cocblearis robusta R X 
K. e.a.r.Iin«z 
K. ‘crassa ' R 
K. quadma R R 
Asplahcba sji. 
Lecane Iuna 
L.; sp, 

1 

X R R X X R C R X X R R 
Synpbaeza Sp. X 
Bra‘cI2‘r'oim4s angulari; R X 
B. i2'i'beo'Ia”1i§ 

‘ R R 
Lapadella patella 
Testudinella patina R 
FiIin_ia..tem'im.lis 
Pofhpbalyfic sfulcata 
Trichoceica ,»i'uIiiéfifiis 
Dapbnia scbodleri R 

R X 
Cb5'd.orus"spbaeric1!'_s 
Bosmim'i‘lo‘i:g*ii‘¢5§ti'i§ 

Scapboleberis king!‘ 
A1on.i_z.sP;-. 

A. .re.c.,t1.z.ngz41a 
Diapb6sa‘ma.le1gcb‘zen,bgr R 
Ataneila s'p.. 
Diacyclops bicusfiidatus tb. R R R R R 
Apantbqcyclops vernalis R R 
Tr‘ Pom-tlafls P.ms.in.us 
Eacyclbps sérrfilazus R R 
Diap't6in‘u‘s or‘égone'mis R R R R R x 
Diminutus ' -X 
Nauplii - 'CCCCXCCCCMCMX' 
Cba;obq1_7_1_s,sp. R R R R R 

=1» 

><><O§

C O 

R X X
X X
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X 
X-
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X 0 O 

X; 
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WNW” 
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Species 

Pbiyartbia dblicboptéra 
P. dolicboptera vulgaris 
P. major 
P. eurypzera 
Keragella cqcbleafis cacblearis 
K. cocbléaris v. robusta 
K. éafliha 
K. crasxa 
K. quadrata 
A_sp_I_a_nc_ba sp. 
Le2:a‘n,e— I una 
L. sp'. 

Syncbaeta sp. 
Braqbionus angularis 
B. u'rc;e'oIaris 
Lapadella patella 
Testudinella patina 
Filinia terminalis 
Po'7'npbo’Iy'q‘c sulcata 
Tricboceica r'r'zi4Iticn'nis 
Dapbnia scbodleri 

pulex 
C bydo'ru_s spbaericys 
Bosrniita 'Ib:n“g"iramis 
Scapbaleberis kingi 
A;lon_a S9- 
A. rectangula. 

’ 

Diapbosdrna [eucbtenber 
Alonella sp. 
Diacyclops bicuspidatus tb. 
A ca_nzI20cy.cI<2P.s vemalis 
Trbpocy,clofps' prasinjus 
Eueyeiops./senazldzus 
Diapt_om'us oregdnensis 
D, hzinmus

R 

Nauplfi 
‘Cbaoboius sp. 

78-08429 78:09:12 .7f'8’—‘R<A>.S">-Ril6."‘R7.‘A2§—”1<fJ—R’1o 

Table D — 1. Continued 
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Table’ D - 1. Cpntihpigd 
79-01-23 79-02-02 79-03-13 79-04-24 79-05-23 79-06-19 79‘=.(»)‘7.-__24_1; 

s_pecie_s 1234112341’2341234X'1234'1zT341234 
Po'Iy'ar bra dolicboptera R R R X 
P. doIicb‘6pzera_a>uI;ga"fi‘s R R R x R R x X R R 
F. major 
P. euryptera 
Kerqtéll4»c9cl2laa7is ;oc_bl.e:a.n's X R C‘ R X X R R R ' X R X 
K. cbfcblearisv. fabusta 

A 
R R M 

K. eafiina 
K.crassa R R R 
K.-quadrata 
A.sPlanc!24z 59- R . 

L.eca1I_elu.na R R R X R X 
L. sp. R R R - R x 
syncbaeta 51:. R R 
Bracbionus angular-is 
B. urceolaris R 

CMXR MMRC Mmxc 
. R

X W

N .5217! 

NW 

‘ 

I-.:zPa_d.e_I.l4 «patella 
Tes.t.ud¢'.n elle /Pa yina 
Fiiinia té'fin'iiz'dIi$ 
.Pomptzo1yx sulcata 
Tricbocerca 'multit1-inis 
Daflbnifl scbodleri 
D.pu_I_ea_c R R X R .R X R R R X x 
Cb5Idofl1's’$phaericffis- R R R x R R R 
Bbsniina longirostris .

, 

Scapboleberfs kingi . R R 
Atom; .sP-. R X R X 
A. .rec.tj4ngula. X 
Didpbasbiith I'ejuc'Ii:énIzer. 

W5UI!5.>< 

W 

><5U"5U'a'U 

.A'ImzeI'1a spu. 
Diacyclops bicuspidatias tb. R R R 
Acantbocyclops vemalis R R R 
Tropoyyélops prasinzss 
Eutytlbps, sk:rr‘uIa'tius“ 
Didptdmusi are‘g”on'eiz'sis ' R 

, R R 
D. minutus 

‘
R 

Nauplii RRRR RRxcxx RXRRXMCX‘-CCR_XC-XCC 
C;l-n_zo.l2‘¢>Rr1_4.s sp. R R_ R ‘ 

‘WWW?
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Appendix E 
Toxicity Tests for water on Splrlllum Volutans V



. APPENDIX E 

Toxicity Tests forwater on Spirillum Volutans 

Spirillum volutans, a large_ac"1'uatic bac‘te'riun‘n ‘with a 
rotating fascicle ‘of flagella at each pole, was used to test the 
water samples for toxicity following the modification 
by Dut_l<_a (E1) of a 'pr"ocedu‘re developed by Bowdre and 
Krieg (2). These tests were performed on surface water 
samplescollected from all of the ponds, immediately prior 
to -the treatment, and on‘ days 7, 14 and 28sa’fte'r treatment. 

After 120 min, the acute toxicity procedure produced 
no observable effects ,on the Spirillum Va/utans. Both 
uncoyncentratedl and X 10 concentrated (pr‘odu‘ced by flash 
evaporation at 45° C) samples were used, for-this te__st_._

‘ 
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Appendix 
for Fungi



Culturing Media for Fungi 

Table F-1. Constituents of Modified Aureomycin Rose Bengal 
Glucose Peptotié Agii (_n‘1ARGPA) 

Concentration 
Constituent (g/L distilled H, O) 

Glucose 1 0.0 
Peptone 5.0 
Kigl», P0 4 1.0 
MgSO4- in, 0 0.5 
Age; 

2 

20.0 
Ro‘se'be'n’g'a1 0.035 
Aureomycin HCI 0.2 

PREPARATION 

Soak and dissolve a_|l ingredients except Aureomycin 
in 800 mL distilled water for 15 min and then bring to 
‘the boil to dissolve. Sterilize by autoclaving at 121°C‘ 
for 15 min and then cool to 42°C to 46°C, pH 5.4 
(approximately). Prepare antibiotic solution separately 
and add to the cooled medium. Dispense in 6- to 8-mL 
q'u_a_rfit_it)ies into petri dishes (50 X 10 mm). 

Table F-2. Constituenus of Modified S_ti-'eptomycin remmycin 
Malt Extract Agar (msTMEAb) 

Concentration 
Co"n'stit‘u‘e'nt_ (g/L distilled H, 0) 

Malt extract 30.0 
Pcptone 5.0 
Agar . 1 5 .0 
Streptomycin 0.2 
T.erra,mY.c_in HCI 

b 

0-2 

PREPARATION 

. Soak and dissolve all i_ngredients except streptomycin 
and Teframycin in 800 mL distilled waters for-' min and 
then bring to the bo__i| to dissolve. Sterilize by autoclaving 
at 121°C for 15 min afidiytiién cool to 42°C to 46°C, pH 5.4 
(approximately). Prepare antibiotic solution separately 
and add to the cooled medium. Dispense in 6; to 8-mL 
quantities into petri dishes (50 X 10 mm). 
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Table F.-'3. Constituents of Oil Basal Agar (OBA) 

. 
Concentration 

Constituent (vs/L distilled .112 O) 

(i) Basal medium 
NH, No, 1.0 
Mgso, 711,0 0.5 
KCl 0.1 
cacl, 0,1 
Feso, 7H,o 0.01 
mi, P0, 1.0 
Trace metal solution 1 I‘fiL 

Agar (Oxoid purified) 20.0 
Rose bengal 0.035 

(ii) Trace metal solution 
(NH,),Mo,o,, 4H,o 0.1 
Na, 13,0, 10H,o 0.09 
znso, 7H,o 

‘ 

1.0 
MnCl 4H,o 0.06 
cuso, sH,o 0.35 
2NH_Cl 2.5 mL 

PREPARATION 

Filter sterilized (0.2 pm) trace metal solution. Add 
constituents of basal medium (ii) to 1 L distilled H; Heat 
to‘ dissolve. Adjust pH to 5.4 and dispense into boiling 
tubes (22 mL/tube). Autoclave (10 psi/20 min). Cool in 
water bath to 50°C to 55°C. Add 2 mL of test oil per 
tube. Add filtered sterilized Aureomycin (200419/mlL final 
concentration) to each tube. Mix thoroughly and pour into 
plastic petri dis_hes_.



Table F94. Constituents of PSP Agar Table F-5. Dillite Snlfi Solutioiz 
K K I H I K 

Concenfiation Stock solution 
Constitixeht (g/L distilled H, 0) and volume Components Weigh; 

Na, H90, 1 2H, 0 0.596 No. 1, 500 mL (NH, ), HPO,‘ 65.04. 
KH, Po, 2.04 mi, Po, 6.8.05 

Ygas; e_:gt_r_act (Difco) 2.0 K, HPO, 87.09 
Glucose 10.0

_ 

Agar 20.0 No. 2,250 ml. cacl, 2H,o 18,38 
Mscl. 6.H. 0 » 2.5-.42 

PREPARATION 
' PREPARATION 

Adjust pH of tile above medium to 6.2 and aseptically 
add 0.5 g/L .s'odiu_m benzylpenicillin and 0.5 g/L strepto- 
rnycin sulphate. 

Add 0.5 mL of stock solution No. 1 and 0;1 mL of 
stock solution No. 2 per litre of distilled vi/'é‘t'e'fi. Au’to"clave 

at 121°C for 15 min.
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