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I. INTRODUCTION

The following represents the year-end report of the second year of a three year project to
evaluate the use of controlled fertilization for enhancement of waterfowl production in
acidified wetlands. The background and objectives of the study, and a description of the
morphology, physics, chemistry and biology of the study sites, have been presented in the
first year-end report and are not repeated here. This report concentrates on describing the
response of the experimental sites to the addition of fertilizer based on comparisons between
pre and post fertilization years and control and experimental sites.

II. FERTILIZATION PROTOCOL

Four of the eight study sites, Jib, Oscar, Perfect and Stump were chosen to serve as
experimental sites and receive fertilizer. The remaining four sites, Beaver, Harlow, Menchon
and Round, were selected to act as controls.

The fertilization regime employed, in terms of the amount and kind of fertilizer, was
based on the results of work carried out at Jordan Lake by Fred Payne and Reg Melanson of
the Nova Scotia Department of Natural Resources. In their studies fertilization was carried
out using a mixture of triple-super phosphate and urea having a N:P ratio of ten. Their study
showed that, upon initial application of the fertilizer, phosphate levels immediately rose to
very high levels, but then dropped quickly (within days), and that to produce P levels appro-
priate to creating eutrophic conditions it was necessary to initially add on the order of 2 mg P
11 of lake water.

Fertilization of the experimental sites was carried out on 27 and 28 April 1991. Perfect
and Jib, which are small and reasonably accessible, were fertilized by slowly adding fertilizer.
by hand into the propeller swash of an outboard motor as the boat traversed the lake (Figure
I1.1). Oscar, the largest experimental site, and Stump, the least accessible experimental site,
were fertilized by helicopter using a water bucket (Figure 11.2).

The following amounts of P (added as a triple-super phosphate-urea mix containing a
10:1 ratio of N to P) were added to each experimental site: Oscar - 113.6 Kg; Perfect - 38.9
Kg; Jib - 16.1 Kg; Stump - 10.6 Kg. These quantities represent the amount of fertilizer
required to provide 2 mg P 1* of lake water.

IOI FIELD SAMPLING PROGRAMME FOR 1991

The 1991 field sampling programme was essentially the same as that used during 1990
except that measurement of suspended particulate matter (SPM) concentration was discontin-
ued and a sediment phosphorous sampling programme added. SPM measurements were
discontinued mainly because of the limited information they provided relative to the amount
of field and laboratory work required. The addition of the sediment phosphorous sampling



"308449¢ Pu® qL{ 3® 3N0 paLJJed Se 31e0q AQ UOLJRZL|[L}4d4 “T[°1] ddnbL4




“dunis pue ueds(Q
1 N0 pILJAJRD Se 19YONQ Jd3em pue 431dodiL |3y Aq UOLIRZL[ L3484 271 84nbiL4




programme was made possible largely through support provided by a National Research
Council IRAP-H grant sponsored by Island Fertilizers of Prince Edward Island. The addition
of this programme was considered important in evaluating the fate of added P.

During the same week that fertilization of the experimental sites was carried out, sam-
pling stations, set at the same locations as used during the 1990 field season, were rees-
tablished at each of the study sites. The experimental sites were sampled for water quality
parameters immediately before and after fertilization. Thereafter, until 23 June, all sites were
sampled for physical, chemical and biological parameters at biweekly intervals. Between 5
July and 10 August the study area was closed to all persons because of a long period of dry
weather resulting in a high forest fire index. During this period we were allowed to visit the
study area only once, on 23 July. Our visit had to be carried out under the supervision of
Nova Scotia Department of Natural Resources personnel and was limited to one day. The
time limitation, together with vehicle problems, allowed us to sample only the experimental
sites. During the closure we missed one sampling period at the fertilized sites and two
sampling periods at the control sites. After 10 August the biweekly sampling programme
was resumed until mid-November. On 2 December, at the beginning of ice-up, the 1991
field sampling programme was terminated except for a single winter site visit, to evaluate
stratification and water quality under ice cover, on 2-3 March 1992.

IV. VARIATIONS IN ENVIRONMENTAL PARAMETERS

Because of the potential influence that annual variations in precipitation and water tem-
perature may have on the physics, chemistry and biology of the study sites, and to aid in
discerning this potential influence from that caused by fertilization, a comparison of average
monthly rainfall and water temperature parameters was carried out.

1. Annual Precipitation

Figure IV.1.1 compares the amount of precipitation that occurred during each month of
the two study years and the monthly average for the past ten years. Although total annual
precipitation was about the same in both years and differed little from the annual average,
both 1990 and 1991 were very different from each other in terms of the seasonal variation in
precipitation. 1990 was characterized by a wet spring, an average summer and a dry fall
whereas 1991 had an average spring, a dry summer and a wet fall.

2. Water Levels

The differences in the seasonal variation of precipitation between 1990 and 1991 resulted
in corresponding differences in the water levels at all sites (Figure IV.2.1). The dry summer
during 1991 caused water levels to be about 5-20 cm less during June to mid-August. After
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mid-August water levels were generally higher during 1991. The greatest variation in water
levels during both years occurred at the most shallow sites.

3. Water Temperature

Figure IV.3.1 presents time series data for 1990 and 1991 of surface water temperature,
outlet water temperature at those sites having outlets, and bottom water temperature at those
sites that thermally stratify. Although there are some differences between years with respect
to seasonal variation, the minimum and maximum temperatures at the surface and outlets
varied very little. At the stratified sites, however, the bottom water temperatures were
slightly lower in 1991, a result of the earlier onset of thermal stratification (see Section IV .4).

4. Thermal Stratification

Contour plots, for both 1990 and 1991, of temperature with depth and time at the four
sites exhibiting thermal stratification (Harlow, Jib, Perfect and Round) are presented in
Figure IV.4.1. Most sites warmed up on the order of one to two weeks earlier during 1991,
but there was little difference in the time of either maximal thermocline development or fall
overturn. The earlier onset of thermal stratification during 1991 resulted in bottom waters
being isolated earlier which in turn resulted in their having slightly lower temperatures
during the summer stratification period.

V. RESPONSE TO FERTILIZATION

The following sections describe the response of the experimental sites to the addition of
fertilizer. Interpretation of the changes brought about by the addition of fertilizer was made
on the basis of comparisons among the experimental sites between pre and post fertilization
years as well as on comparisons between the control and experimental sites after fertilization.

1. Physical Factors

In most cases fertilization would not be expected to have any major effects on physical
characteristics of the study sites. One exception is water transparency as measured by Secchi
Disk depths. Figure V.1.1 presents time series data comparing Secchi Disk depths at the
control and experimental sites during both years. (Menchon and Stump are not included
since the bottom was always visible at these sites.) In all cases, Secchi Disk depths were
generally lower at both the control and experimental sites during the fertilization year. How-
ever, at the experimental sites the reduction was on the order of >50 percent after fertiliza-
tion, while at the control sites the reduction was usually <10 percent. The reduced Secchi
Disk depths at the control sites are probably related to the extremely dry weather during
summer which, as a result of evaporation, would tend to increase the concentration of dis-
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Figure IV.4.1. Contour plots of temperature with time and
depth for those sites exhibiting thermal stratification.
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solved humic acids and other light attenuating substances. The greater reduction in Secchi
Disk depths at the experimental sites is undoubtedly related to increased chlorophyll concen-
trations (see Section V.4).

2. Chemistry

Comparisons of changes in chemistry are based largely on data obtained from chemical
analyses carried out by the Acadia Centre for Estuarine Research. Samples collected for
subsequent chemical analyses by the Canadian Wildlife Service laboratory at Moncton, N. B.
are complete only for the period up to 31 July 1991, limiting their usefulness for determina-
tion of seasonal trends. The available CWS data is presented graphically in Appendix A.

2.1 Conductivity

Figure V.2.1.1 illustrates the seasonal trend of surface water conductivity at the control
and experimental sites during the 1990 and 1991 field seasons. At most of the study sites
conductivities were slightly greater during 1991, particularly during the earlier part of the
summer when rainfall was low. At the two stratified experimental sites (Jib and Perfect)
fertilization appears to have increased conductivity even more.

2.2 pH

One of the most surprizing changes in chemistry resulting from fertilization was a large
increase in pH at the experimental sites (Figure V.2.2.1). This effect was evident at all of the
experimental sites, but was most pronounced at Perfect and Jib where the pH reached values -
of 7.9 and 8.7 respectively. This response, which is most probably a result of the buffering
capacity of super-phosphate, gradually increased beginning immediately after fertilization,
peaked in early July, and then declined to near normal levels in early August. This trend is
very similar to that observed for phosphorous (see Section V.2.4).

2.3 Dissolved Oxygen

Fertilization also appears to have had an influence on dissolved oxygen levels at Jib and
Perfect, the two experimental sites that exhibit thermal stratification. During both years a
strong thermocline developed during mid-July. Oxygen concentrations in the hypolimnion
(Figure V.2.3.1), however, decreased to minimum values approximately two weeks earlier in
1991. In contrast, the two control sites exhibiting thermal stratification, Harlow and Round,
attained minimum hypolimnion oxygen concentrations at about the same time during both
years.
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The decrease in time to deplete hypolimnion oxygen concentrations after stratification at
the fertilized sites occurred despite bottom waters being slightly cooler during 1991 and is
probably a result of increased primary production in the water column and enhanced degra-
dation of dissolved and particulate detritus. The increased primary productivity would result
in an increase in the amount of organic matter settling into the hypolimnion, and the greater
availability of nutrients would increase microbial activity. Both of these processes would
result in an increase in the hypolimnetic biological oxygen demand.

2.4, Phosphorous

Data on phosphorous concentrations during the 1991 field season is available for surface
waters, hypolimnetic waters at the stratified experimental sites, outlet waters at those sites
having outlets, and for sediments at the experimental sites.

Figure V.2.4.1 presents time series data on total P concentrations for surface waters at all
sites for both years. The control sites showed little year to year variation. At all of the
experimental sites total P concentration increased dramatically after fertilization. The sea-
sonal trends, however, differed greatly among sites. At Jib total P in the surface waters
increased to very high levels (>250 ug I'!) immediately after fertilization, then declined
rapidly over a two week period after which it stabilized at about 60 ug I'. At Perfect surface
water P increased relatively slowly over a period of about six weeks after fertilization, then
declined for two weeks, stabilized at about 100 ug 1* for the following two months and then
peaked again. This latter peak coincided with the beginning of the fall overturn. Oscar
behaved very much like Perfect with two peaks in surface water P, one in mid-July and one
in mid-September. At Stump surface water P levels increased gradually for four months after
fertilization and then declined.

At the two experimental sites that stratify (Jib and Perfect), total P levels in the hypo-
limnion were always much greater than those in the surface waters. Apparently a great deal
of the added fertilizer became entrained in the hypolimnion once these sites stratified. There
was considerable seasonal variation in the hypolimnion total P levels, especially at Jib, which
is difficult to explain, particularly since the seasonal trends are not easily related to the onset
or breakdown of thermal stratification.

The seasonal variation in total P levels at the outlets, relative to those at the lake centre,
also varied among sites. At Jib and Stump total P levels at the lake centre and outlet were
always about the same. During mid-June to late September, however, the outlet of Stump
was dry. At Oscar, P levels at the outlet were always much less than at the centre.

Sediment P, with respect to both levels and seasonal trends, also behaved differently at
the different fertilized sites. At Jib and Perfect sediment P levels were relatively low and
showed little seasonal variation. At Oscar and Stump, however, sediment P levels were high
and varied a great deal.
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The diversity of responses exhibited by the fertilized sites, in terms of the spatial and
temporal partitioning of phosphorous, is not surprizing considering the diversity in morpho-
logical and mixing characteristics of the sites. The different methods used to fertilize the
sites also may have influenced the behavior of the added nutrients. At Jib and Perfect, the
two stratified experimental sites, most of the added phosphorous remained in the water
column. These are also the two sites that were fertilized by slowly adding fertilizer into the
swash of an outboard motor. This technique would greatly increase the rate at which the
fertilizer would dissolve, relative to dumping by helicopter as was done at Stump and Oscar.
As a result total P levels within the water column at Jib and Perfect would be expected to be
higher, and sediment P lower, than at Stump and Oscar. The longer response time to reach
maximum water column total P levels at Oscar and Stump is probably also related to the
fertilizer having been largely undissolved immediately after application, and thus having
settled into the sediments to be released slowly over time.

The greater depth of Jib and Perfect would also tend to isolate sediment P from water
column P and make them behave independently of one another. The opposite would be
expected at Stump and Oscar and this is what was observed. At Stump, the seasonal vari-
ation of total P in the water column was essentially the reverse of that exhibited by sediment
P suggesting that phosphorous was being deposited and resuspended. At Oscar, sediment P
and water column P showed similar seasonal trends, perhaps as a result of its exposed nature
(unlike Stump), shallow depth and lack of stratification, which makes it subject to wind
induced mixing and creates a strong potential for interaction between the water column and
sediments.

The differences observed in P levels at the outlets relative to those at the lake centre are
probably more closely related to the mixing characteristics of the sites. At Jib and Stump
outlet total P levels were about equal which is what would be expected. At Oscar, however,
total P at the outlet was much less than at the lake centre which is probably a reflection of the-
way in which input water flows through this system. The inlet of Oscar is located on the
north shore and from there the input water flows along the western shoreline toward an outlet
on the south shore. As aresult, the inflow does not mix effectively with a large portion of
the lake reducing the tendency for phosphorous to be washed out of the system.

Despite these differences in spatial and temporal distribution, peak total P concentrations
within the water column were similar at all of the experimental sites and ranged between 125
and 200 ug 1", a factor of about one order of magnitude greater than that required to achieve
eutrophic conditions.

2.5. Nitrogen

Data on nitrogen for the 1991 field season is available only for the period up to the end of
July. The initial temporal trends of total N in the surface waters of the experimental sites are
very similar to those observed for phosphorous (Figure V.2.5.1). In most cases maximum
nitrogen levels occurred about one month after fertilization and then began to gradually
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decline. Peak levels were on the order of 3 to 8 mg 1. N:P ratios shortly after the addition of
fertilizer varied greatly but were on the order of about 25:1. The greater N:P ratios within the
water relative to that of the fertilizer (10:1) probably reflects a greater solubility of the nitro-
gen fertilizer.

3. Biology
3.1. Phytoplankton

The response of phytoplankton to fertilization was dramatic. Annual mean phytoplank-
ton chlorophyll a levels (Figure V.3.1.1.) increased by more than an order of magnitude at all
of the fertilized sites except Oscar, and were well above levels that would classify these sites
as eutrophic. The highest levels attained were on the order of 300 ug I* at Perfect. At Stump
and Jib, levels of 50 and 90 ug 1! respectively were reached. At Oscar the maximum
chlorophyll a level attained was about 20 ug I''. The control sites, in contrast, exhibited
slightly lower chlorophyll a levels during 1991.

The seasonal variation in phytoplankton chlorophyll a varied considerably among the
different experimental sites (Figure V.3.1.2). At all sites except Oscar the response was
immediate with a strong increase within the first two weeks after addition of the fertilizer. At
Jib and Stump chlorophyll a levels remained high throughout most of the summer and early
fall. At Perfect, there was an initial increase in chlorophyll a immediately after fertilization,
followed by a decline during the summer, and then a very large and rapid increase during
fall. The latter increase corresponded to the fall overturn which began in early September.
The response at Oscar was much less than at the other experimental sites. Phytoplankton
chlorophyll a levels did not substantially increase until late July, nearly two months after the
addition of fertilizer and, as noted earlier, the highest level reached was only on the order of
20 ug ', '

Phytoplankton chlorophyll a levels at the outlets of Jib and Stump (Figure V.3.1.3)
showed the same seasonal trend as at the lake centre. At Stump the levels at the outlet were
about equal to those at the centre. At Jib and Oscar, however, they were only about half as
great. At Oscar, the seasonal trend at the lake centre and outlet differed, the peak at the
outlet occurring about one month earlier than at the centre.

There is an obvious relationship between the flushing rates of the experimental sites and
the levels of chlorophyll a attained. Figure V.3.1.4 shows average chlorophyll a concentra-
tion plotted against flushing rate. For those sites with outlets (all except Perfect), there is an
inverse relationship between the two, those sites with the highest flushing rates having the
lowest chlorophyll a levels. This probably simply reflects that phytoplankton are being
flushed from these sites. This is further supported by the high levels of chlorophyll a at-
tained at Perfect, which does not have a surface outlet, and thus no opportunity for phyto-
plankton to be flushed out of the system.



28

"si{aA3] e [ [Aydouo|yo uorjue[dorAyd uesw [enuuy TTTE A 34nbLd

SALIS SALIS
CEAR IR 1Od1INOO
™ ~
Al K%uh%%cm%MWU%¢uxw Z&U/&wfy mw7uwm%mw
0661 B 7 LE CEE O
Ll [
— - O o
-
.
(=
L] (®)]
N
— - 0¢
uolMue|dolAyd
885
| I _ I O@




28

BELET L LAydouoyo uozsue dorAyd uesuw Lenuuy T T1°¢°A 9unbL4

S3LIS SALIS
a4znild34 | 1049.1INOO
-
QoM
066l B I
LBl O m M
B O
-
Y
(=)
L ()
N
- - 0C <
] uoPuedo] Ayg
886
{ | | l l | Om




[oa)
[aN]

"972LS UO®3 JO 343UDD 3yl 2B San|eA ® | [AYdoJo[yd UL UOLIRLARA |[RUOSEDS “Z°T1°C€°A 24nbL4

0661
el — — g3 d3Znily34 SALIS TI0H1INOO
o = o > < - = % > < kS
§ & £ & & &£ 5 & g & £ & & & £ 8
.).7/Q.ILI,1®.\_|®\\C~C _\N\Uullﬁ ' X < 0 T T OT® 1 o Oty P
N AN N - 4 02
B /» / /u\ 4 0oL
/ \ - 4 oy
N - 1 09
- N - ooz
- uoyous -
i 198}J8d HOUSIA 08
{ ! _m 1 1 1 1 1 OOO i | i { | { | { OO_.
G A 0 A e e Gy e Gty R 0
€y B i e T s A 4
° Sy / / e 0z
- ,., 9\ -1 ON -
- \ K Hov | 4ovr ¢
,, g 2
- / e d 4 08 - 08 .m
. dwumg v _~- {08 F punoy {08 &
-~
) 1 1 i pv i i | OO_. ] i A i I { ) 1 00L WI
S T {% _o\fr]r&fﬂw/& 0 c : ch@é CYE 0 M
-~
- Sy {0z doz Z
[4y]
- 4 0% ~ 4 0y __
S
- 1 08 r 4 08 <
- 180S0 4o8 | MOJJBH o8 7
1 ! ! 1 § 1 1 i Q0L { 1 1 L H | { [ Q0L
AT e = R E R = e P i s L 0 - T AP O % 0
— A A
- T / {0z | 1 oz
AN \.s
- P~ H{ov | 1 ov
/b\
- -~ 08 4 08
I air {os L Joreeg 1 o8
i L i 1 ) 1 L L 0oL ! i } ! ! ] 1 L 0oL




100
80
<
9 60
«
= 40
O
20
0
100
80
<
g 60
o
= 40
O
20
0
Figure V.

1991.

| 1 l I I

Beaver (outlet)

M»/G\LO ol |

1.3,

& o L
& £ =) g £ S $ S
f I T i T | T {

Beaver (centre)
é Ol_,__,@___.r\l { (3/6“\L(\U o —t) | {
> D (=) S -~ B <€)
¥§ 5§ 5 < & & £ 3

Seasonal variation in phytoplankton chlorophyll a during

30



31

i >O>\

100

o4
you

NQmmJ

| S o W NN

100

- va\
 — ! }-?
-
-
D]
- O 053
T
¢
- o oy
| ! { |
@] O O O O
s@} (9] < [QV)
(/6n) & WO

Menchon

omQ

ot }O\/\

4 g

QDT

Anp

QCD\J

100

(/6m e YO

Continued.

Figure V.3.1.3.



32

Harlow (centre)

\,O)\

290

NQmm.

¥ QDV\

e

Uy

A m\\<

(/8m e O

Harlow (outlet)

(/6 e YO

omQ

A 02

120

{ Q@@

va\

Anp

mCD\.,

ey

Continued.

Figure V.3.1.3.



100
80
-
S 60
[
= 40
O
20
0
100
80
<
S 60
[}
< 40
S
20

Figure V.

! [ 1 1 I I i

Oscar (centre)

0 { i
N @ ) & . > ©
$ ] = 2 g S S S
T T T T T T T T
Oscar (outlet)
Q\\qk’*?//E%N\“\ﬂ97\1>/*3~+——--n
{ h i i o) | b
> 2 2 & <Y p >~ &)
& § 3 7 & & 2 &
.1.3. Continued.

33



34

300

(I/6n) ® YO (/8n) B NO

T T T T T T
b %87 L b J90
oy b Aoy
g L — 190
NQmm‘ — -1 memu
o,:,v\ = ™ @.:\
)
sl
e
C
e T mw 7 A
o
Q
Sunp i - &np
- 1% | Aoy
] | I | i i
o O @) Q O @) @] O O
m O O w © < N

Jib (outlet)

LO\<

190

QDT

Ap

QCQJ

V\Amwsx

100

(/6m e YO

Continued.

Figure V.3.1.3.



100

I I l T i I T {
80 L Stump (centre)
<
@ 60 F
W)
— 40 f
O
20
A
0 H I i 1 Iﬁ\ S A we
F§ 5 5 2 & & 2 &
100 I T T T | c | l
80 L Stump (outlet)
<
S 60 -
o
= 40 r
@)
20 i \4\
0

Jdung L
duly |
Aug |
Sepg -
Oct I
Noy

Dec ¢

g
by

Figure V.3.1.3. Continued.



36

_ “(uoLjeue|dxa
;owpxmpmwmvmmpmxmc_cm:_wOPm_m>mhm_rxggo;o_:umoawgmcovpm_mm.#.ﬁ.m.>mL3me

( IA 7 sewly ) eled Bulsn4

Ov 0% 0¢ Gl 0 ;
- {
ARIS() L | _
L - Gl
. @
qL( )
dunis @ =
- - 08 o
c
. @)
i - m‘_w o
- 109449d @ - 09




37
3.2. Periphyton

Mean periphyton growth at each site, as measured by monthly accumulation of
chlorophyll a on glass slides, is illustrated in Figure V.3.2.1. Periphyton growth also showed
a dramatic increase at the fertilized sites. The greatest increase was at Stump, and the least at
Perfect.

The fertilized sites exhibited an inverse relationship between phytoplankton and
periphyton growth. Perfect, which attained the highest phytoplankton chlorophyll a levels,
had the lowest periphyton growth, and Oscar, which had the lowest phytoplankton
chlorophyll a levels, had the second highest periphyton growth. This same inverse trend also
occurred on a seasonal basis and was particularly obvious at Jib and Stump where the period
of greatest periphyton growth coincided with the lowest phytoplankton chlorophyll a levels
(Figure V.3.2.2). This inverse relationship is often observed in freshwater systems and is
attributed to competition for light between the two groups.

3.3. Macrophytes

A macrophyte survey was carried out during mid-August of 1991 and compared to a
similar survey performed during 1990. Because nutrients were obviously being lost via the
outputs of the experimental sites, a particular effort was made to document any changes in
macrophyte growth within the outlet streams. Comparison of species composition and abun-
dance between the 1990 and 1991 survey showed little difference in either the distribution or
abundance of macrophytes within the lakes or at their outlets. The macrophytes at the fertil-
ized sites did, however, appear more robust and healthier as evidenced by their large size and
dark green color.

3.4. Zooplankton

Mean annual zooplankton numbers at each site during 1990 and 1991 are illustrated in
Figure V.3.4.1. At all sites except Beaver, the mean zooplankton numbers were greater
during 1991. Most of the experimental sites, however, showed considerably larger increases
than did the controls. At Stump and Perfect, the relative increase in mean zooplankton
numbers was on the order of 5 and 20 times respectively, similar to the relative increase in
chlorophyll a. The difference between years at Jib and Oscar was much less, on the order of
1.5 and 2 times respectively, and showed little relationship to the relative increase of
chlorophyll a. As with phytoplankton, the difference in zooplankton numbers between sites
may also be related to the flushing characteristics of these systems, although the relationship
for zooplankton is not nearly as clear as it is for phytoplankton.

There was, surprisingly, no obvious relationship between the relative increase in zo-
oplankton and the number of potential fish predators (see Sections V.3.7 and VI). Of the
four experimental sites, only Jib and Perfect have fish populations substantial enough to
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potentially impose significant predation pressure. The increase in zooplankton was, how-
ever, greatest at Perfect and least at Jib.

With one exception, the relative proportions of the major zooplankton groups at the
fertilized sites changed little between years (Figure V.3.4.2), indicating that most zooplank-
ton groups benefited from the increase in phytoplankton biomass. The one exception is Jib
which showed a large increase in the relative proportion of rotifers. This also occurred at
Menchon, one of the control sites, suggesting that it may reflect normal year to year variation
rather than a response to fertilization. A comparison of percent similarity of zooplankton
groups at each site between years (Figure V.3.4.3) further illustrates that, with the exception
of Jib and Menchon, there was little difference either between or among control and experi-
mental sites with respect to the relative abundance of the different zooplankton groups
between years.

3.5. Emergent Insects

The number of emergent insects collected in emergence traps was considerably greater in
1991 than in 1990 (Figure V.3.5.1). The relative increase in numbers, however, was about
the same at both control and experimental sites indicating that fertilization did not have a
significant influence on emergent insect numbers.

Most of the increase in emergent insect numbers was due to an increase in dipterans.
Percent similarities based on between year comparisons of the major emergent insect groups
at each site (Figure V.3.5.2) indicates considerable variation among control sites but very
little variation among fertilized sites. The variation among control sites is due to the lower
proportion of tricopterans at Beaver and coleopterans at Round, and the greater number of
dipterans, collected during 1991.

3.6. Benthic Invertebrates

Benthic invertebrate numbers differed very little between years (Figure V.3.6.1). The
small differences observed are probably a result of normal year to year variation. The rela-
tive proportion of each major taxonomic group also remained about the same between years
and there was little variation in percent similarity between years either among or between the
control and experimental sites (Figure V.3.6.2).

3.7 Minnow Trap Collections

A comparison of between year variation in minnow trap collections, which consist of
amphibians and large insects as well as small fish, is shown in Figure V.3.7.1. Although the
sampling is limited and the number of organisms collected is low, in most cases the differ-
ence between years is minor. The largest difference occurred at Perfect where a greater
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number of fish were trapped during 1991. Figure V.3.7.2 illustrates the major fish groups
collected at each site during the two study years and indicates that the increase at Perfect was
largely due to the golden shiner (Notemigonus crysoleucas), a species which for some reason
was not recorded at all at any site during 1990.

VI. WATERFOWL OBSERVATIONS

The mean number of duck sightings per visit at each site during 1990 and 1991 is illus-
trated in Figure VI.1. A greater number of ducks, which were mostly black and ringnecks,
were observed at both Beaver and Oscar during 1991.

VII. FISH SURVEY

Between 28 April and 1 May, 1991 a fish survey, similar to that performed during the fall
of 1990, was carried out at each of the study sites. A 100 meter long multipanel experimen-
tal gill net, having mesh sizes of 0.5, 1.0, 1.5 and 2.0 inches, was placed in the centre of each
site and allowed to remain overnight. Fish were captured at only three of the eight study
sites. The greatest number (64) were caught at Harlow, all of the same species, yellow perch
(Perca fontinalis; average size 10.2 cm). At Jib 18 brown bullheads (Ictalurus nebulosus;
average size 14.6 cm), 23 yellow perch (Perca fontinalis; average size 13.8 cm) and 13 white
suckers (Catastomus commerson; average size 20.5 cm) were caught, and at Perfect 5 brown
bullheads (average size 12.4 cm) and 22 golden shiners (Notemigonius crysolucas; average
size 10.0 cm) were caught.

VIII. SUMMARY

Despite the acidic nature of the study sites, the response of the experimental sites to the
addition of fertilizers, in terms of increased biological activity, is impressive. Those organ-
isms with short generation times, i.e. phytoplankton, periphyton, and zooplankton, showed an
almost immediate response to the addition of fertilizer and increased in biomass substantially
over the growing season. Organisms having longer generation times, such as emergent
insects and benthic invertebrates, showed little response to fertilization during this first year,
but will probably also show an increase in biomass during subsequent years and there is little
doubt that fertilization will increase the overall productivity of these systems.

On the basis of the nutrient levels achieved, the fertilization regime employed certainly
appears to have been adequate and, if anything, may have used more fertilizer than was
required to maximize production. The variation in response among the sites, particularly
with regard to the nutrient levels attained, suggests that future fertilization protocols should
consider factors other than lake volume alone. Predicting the level of P that would be at-
tained for a particular system is complex but appears to depend largely on lake depth, flush-
ing rate, mixing type and the technique used to apply the fertilizer.
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With respect to the potentially negative aspects of fertilization and its resulting eutrophi-
cation, a more complete evaluation will have to wait for at least another year of study. How-
ever, based on the results of the first year of fertilization, the negative impact appears to be
minor. No obnoxious algal blooms were created and the downstream effects of nutrient
export were unnoticeable. The only potentially negative impact identified was that the
experimental sites may become anaerobic a short time sooner than if they were not fertilized
but, since none of these sites appear to be important as feeding or breeding habitat for fishes
requiring high oxygen levels (e.g., salmonids), this appears to be of minor significance.
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