













































































































































































Phytoplankton gross productivity

Phytoplankton gross productivity was similar between the east and west arms throughout
the study (Figure 11). Depth-specific and average arm gross productivity data are given in
Appendix 3. Gross productivity was relatively higher in both arms for the early (25 May 1987)
and late (18 November 1987) samples and fluctuated between 0.022 and 0.041 mg O,L-"h-" for

the mid-season samples.

The Wilcoxon Signed Rank Test failed to reject the null hypothesis of no difference in gross
productivity (Pg as mg O,L-'h-") between the east and west arms before the treatment (P =

1.00, N = 6) and after the treatment (P = 0.83, N = 6).

Phytoplankton biomass

Phytoplankton biomass was very similar between the two arms throughout the study
(Figure 12). The data exhibited a wave appearance with the lowest values recorded on the
earliest sample (29 May 1987) and the highest values recorded on the latest sample (18
November 1987). After the application of lime, chiorophyli a decreased in both arms on the
initial sample (20 July 1987). In subsequent samples, chlorophyll a increased in both arms.
The site-specific and average arm values for the entire pre- and post-treatment data set are

given in Appendix 4.

The site-specific chlorophyil a graphs (Figures 13a and 13b) showed a trend of increased
chlorophyll a levels towards the upper sites in each arm for the period between 29 May

through 3 September 1987 (10 samples) in the west arm and for the period between 6 June
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Figure 11. Gross phytoplankton productivity for west and east arms (sites 2 and 5). Values are the
mean from the five depths per duplicate sample
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Figure 12. Chlorophyll a concentration (mg chl. a/m’) for the east and west arms. Values are the
mean from the 3 sites per arm,



through 7 August 1987 (eight samples) in the east arm. Samples taken before and after the
above periods showed either a reverse spatial trend (i.e, decreased chlorophyll a

concentrations towards the upper sites) or no trend towards the upper or lower sites.

Friedman’s test rejected the null hypothesis of no difference in chlorophyll a between the
upper, middle, and lower arm sites within each arm for the periods that showed higher
chlorophyll a values towards the upper arm sites (29 May through 3 September 1987 in the
west arm, P = 0.0000, N = 10; 6 June through 7 August 1987 in the east arm, P = 0.0003, N
= 8). The Sign Test for the within arm site-specific comparisons gave strong evidence (P <
0.004 for all comparisons) that the upper site > middle site > lower site in each arm within
the stated periods. Because the samples taken outside the stated periods showed an
apparent reverse spatial trend in most cases, this did not invalidate the use of the

paired-sampie design to test for liming effects.

The Wilcoxon Signed Rank Test failed to reject the null hypothesis of no difference in
phytoplankton biomass {mg chl. a/m®) between the east and west arms before the treatment
{P = 0.40, N = B) and after the treatment (P = 0.40, N = 6). Results for each of the

site-specific comparisons before and after the treatment are given in Table 4.

Alkalinity was sufficiently different between sites 3 and 6 for the 20 July, 29 July, and 7
August 1987 samples to test the null hypothesis of the west arm site (site 3) having equal or
lower phytoplankton biomass (mg chl. a/m?®) than the east arm site (site 6) and conclude that
the east arm had higher phytoplankton biomass because of the increased supply of dissolved
inorganic carbon. The Wilcoxon Signed Rank test failed to reject the null hypothesis for the

site-specific comparison (site 6 vs. site 3, P = 1.00, N = 4).
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Figure 13. Chlorophyil a concentration {mg chl. a/m®) for the west (sites 1-3) and east (sites 4-6)
arms. Values are the mean from the duplicate samples.
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Table 4. Probability (P) values for the determination of significant differences («=0.05) in
chlorophyll a concentration (mg/m?®) between the site-specific and mean arm
comparisons with the Wilcoxon Signed Rank Test ( N=6).

Comparison Pre-treatment Post-treatment
1vs. 4 P=083 1=215 P=0.295 1=2.83
4=2.00 4=277
2vs. 5 P=0402 2=253 P=0.834 2=3.35
5=2.25 5=13.15
3vs. 6 P=0.142 3=3.11 P=0.834 3=13.64
6=3.40 6=3.29
West vs. East P=0402 W=2.60 P=0.402 W=327
E=255 E=3.07

Resuits



Secchi disk transparency

The inverse of Secchi disk transparency showed the same general patterns between
sampling sites within each arm (Figures 14a and 14b) as did chlorophyil a (Figures 13a and
13b). This suggested that higher chlorophyll a values resulted in lower Secchi disk
transparencies because of the increased light attenuation caused by increased chlorophyll a
concentrations. The site-specific Secchi disk transparency graphs showed a trend of
decreased Secchi depths towards the upper arm sites for the period between 29 May 1987
through 3 September 1987 (10 samples) in the west arm and for the period between 6 June
1987 through 7 August 1987 {eight samples) in the east arm. Site-specific Secchi depth spatial
and temporal trends corresponded to the site-specific chlorophyll a spatial and temporal

trends for both arms.

The graph of the average arm Secchi disk transparencies (Figure 15) indicated higher
transparency in the east arm in comparison to the west arm for the post-treatment samples.
The Wilcoxon Signed Rank Test failed to reject the null hypothesis of no difference in
transparency between the east and west arms for the pre-treatment samples (P = 0.834, N
= 6). The post-treatment test, however, rejected the null hypothesis and concluded the east
arm had higher transparency than the west arm (P = 0.036, N = 6). Results for each of the

site-specific comparisons before and after the treatment are given in Table 5.

The linear regression of Secchi depth and chlorophyll a for the combined data set yielded
a significant straight line equation that could be used to predict summer phytopiankton
biomass with the Secchi disk procedure (mg Chl. a/m® = -1.09 (SD, m) + 6.47, P = 0.0000,

R? = 0.43, N = 72, Figure 16).
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Table 5. Prob;bﬂity (P) values for the determination of significant differences (« = 0.05) in
Secchi disk transparency (m) between the site-specific and mean arm
comparisons with the Wilcoxan Signed Rank Test ( N=6).

Comparison Pre-treatment Post-treatment
1vs. 4 P=0834 1=407 P=0.173 1=3.56
4=396 4=13.84
2vs. 5 P=0295 2=328 P=0036* 2=29]
5=3.46 5=3.42
3vs. 6 P=0.675 3=282 P=0.787 3=2.81
6=2.67 6=12.94
West vs. East P=0834 W=3139 P=0.036* W=3.09
E=3.36 E=3.40
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Phytoplankton density

The dominant genus of net phytoplankton sampled was Dinobryon spp., which comprised
45.3% of the total for the whole lake. Anabaena spp., a member of the Cyanophyta
{blue-greens), was the next most abundant genus at 23.0%. Ceratium spp. {10.0%),
Staurastrum spp. (8.2%), Desmidium spp. {(6.0%), and Synura spp. (5.1%) were the other
common net phytoplankton sampled on a whole lake basis. Table 6 gives the relative
percentages and absolute abundances of the dominant net phytoplankton before and after the
application of lime on a per arm basis. The entire net phytoplankton data set on a site-

specific basis is given in Appendix 6.

For the combined pre-treatment samples, the west arm had a slightly higher density of net
phytoplankton; however, Ceratium spp. and Synura spp. were the only genera that showed
an order of magnitude or higher density in the west arm relative to the east arm. Desmidium
spp. was relatively more abundant in the east arm; however, a very high relative density at

only one site {site 6) on one sample date {29 June 1987) dominated the estimate.

For the combined post-treatment sampies, the west arm again showed a higher density
of net phytoplankton. However, Dinobryon spp., Ceratium spp., and Synura spp. showed a
relative decrease in density in both arms with no large (i.e., an order of magnitude) differences
between the east and west arms. Anabaena spp. and Staurastru,;n spp. increased in relative
density in both arms, however, Anabaena spp. showed approximately a three-fold higher

density in the west arm relative to the east arm.

The dominant genera of nannoplankton sampled was the small {less than 10 um) colonial
green algae (Chlorophyta) Gemellicystis spp. which comprised 34.4% of the total for the whole

lake. Gloeocystis spp. was the next most abundant genera at 10.2%. Dinobryon spp. (10.1%),
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Table 6. Mean density estimates and relative abundance of common net phytoplankton for the pre-treatment and post-treatment

samples.
Pre-Treatment Post-Treatment Lake
West East West East

Group #/L Rel. % #/L Rel. % #/L Rel. % #/L Rel. % #/L Rel. %
Chrysophyta

Dinobryon spp. 1328.8 489 1132.8 55.0 729.6 339 510.5 41.2 925.4 45.3

Synura spp. 283.1 10.4 83.0 4.0 19.0 0.9 269 22 103.0 5.1
Chlorophyta

Staurastrum spp. 17.6 0.6 17.1 0.8 3359 15.6 297.9 24.0 167.1 8.2

Desmidium spp. 84.5 3.1 361.1 17.6 41.3 1.9 7.1 0.6 123.5 6.0
Pyrrhophyta

Ceratium spp. 540.5 19.9 196.5 9.6 29.1 1.3 50.7 4.1 204.2 10.0
Cyanophyta

Anabaena spp. 398.6 14.7 229.4 1.1 933.8 433 318.5 25.7 470.1 23.0
Others 65.4 24 39.1 1.9 66.7 31 27.9 2.2 49.8 24
TOTAL 27184 100.0 2058.8  100.0 2155.3 100.0 1239.3 100.0 2043.0 100.0




centric diatoms (10.1%), and pennate diatoms (9.5%) were the other common nannoplankton
sampled on a whole lake basis. Table 7 gives the relative percentages and absolute
abundances before and after the application of lime on a per arm basis. The entire data set

for nannoplankton on a site-specific basis is given in Appendix 7.

For the combined pre-treatment samples, both arms showed similar density estimates for
the common nannoplankton groups. There were no differences greater than an order of
magnitude within specific groups or genera; however, centric diatoms and Tetraedron lunuia
were more abundant in the west arm and dinoflagelates (e.g., Peridinium spp. and

Gymnodinium spp.) were more abundant in the east arm.

For the combined post-treatment samples, both arms again showed similar density
eslimates for total nannoplankton; however, the east arm showed a total nannoplankton
density that was approximately double that of the west arm on the initial post-treatment
sample (21 July 1987). Gemellicystis spp., Gloeocystis spp., and Dinobryon spp. (single lorica
species) showed at least an order of magnitude higher density in the east arm relative to the
west arm. Pennate diatoms were also more abundant in the east arm for the initial
post-treatment sample relative to the west arm. For the combined post-treatment samples,
centric diatoms and Tefraedron lunula showed a relative decrease in density in both arms with
no large differences in density between the east and west arms and Crucigenia spp.
decreased slightly in both arms and Oocystis spp. decreased slightly in the east arm.
Gloeocystis spp. showed approximately a three-fold increase in both arms. Gemellicystis spp.
and possibly pennate diatoms showed a decrease in density in the west arm and remained
similar in the east arm relative to the pre-treatment samples. Dinobryon spp. {single lorica
species) decreased slightly in the west arm and increased slightly in the east arm and, in
contrast, dinoflageilates and Selenastrum spp. increased slightly in the west arm and
decreased slightly in the east arm; however, the changes were not greater than an order of

magnitude for any of the three groups. A summary of the common net phytoplankton and
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Table 7. Mean density estimates and relative abundance of common nannoplankton for the pre-treatment and post-treatment

samples.
Pre-Treatment Post-Treatment Lake
West East West East X

Group #/L. Rel. % #/L Rel. % #/L Rel. % #/L Rel. % #/L Rel. %
Chrysophyta

Dinobryon spp.! 1337.9 8.3 13954 10.3 1148.1 10.1 1596.8 12.3 1369.5 10.1

Centric diatoms 2491.8 15.4 1380.5 10.1 983.3 8.7 616.8 4.7 1368.1 10.1

Pennate diatoms 1677.0 10.4 13244 9.7 901.2 79 1259.6 9.7 1290.6 9.5
Chlorophyta

Gemellicystis spp.? 63134 39.0 4586.0 33.7 3163.4 279 4524.0 349 4646.7 343

Gloeocystis spp.? 600.6 37 788.2 58 1822.6 16.1 2304.9 17.8 1379.1 10.2

Selenastrum minutum  720.6 4.5 645.0 4.7 958.3 8.5 467.0 3.6 697.7 5.2

Crucigenia spp. 685.4 4.2 696.3 5.1 370.0 i3 423.5 33 543.8 4.0

Tetraedron lunula 1039.4 6.4 522.6 38 2274 2.0 73.0 0.6 465.6 34

QOocystis spp. 267.4 1.7 334.6 2.5 213.6 1.9 137.5 1.1 238.3 1.8
Pyrrhophyta

Dinoflagellates 587.0 3.6 1111.7 8.2 819.0 7.2 778.5 6.0 824.1 6.1
Others 455.8 28 833.2 6.1 724.7 6.4 782.0 6.0 698.9 5.2
TOTAL 16,175.9 100.0 13,617.7  100.0 11,331.3 100.0 12,963.5 100.0 13,522.1 100.0

!single lorica species
Zcell count



nannoplankton pre- and post-treatment responses and a determination of possible

post-treatment responses is given in Table 8.

Associated water quality determinations

Thermal stratification and dissolved oxygen

Thermocline formation was found on the initial 29 May 1387 sample and was approximately
3 m deep. The thermocline gradually became deeper throughout the season, as expected,
until fall overturn at which time temperatures became relatively isothermal at all depths. Fall
overturn took place sometime betwéen the 3 September 1987 and 1 October 1987 samples.
The entire temperature-dissolved oxygen data set on a site-specific basis is given in Appendix

8.

The six sites did not show the same stratification patterns primarily because of differences
in depth. The relatively shallow upper sites (sites 3 and 6, approximately 3 m deep)
experienced a thermocline only between the initial spring formation until approximately 16
June 1987. On this date, the thermocline was deeper (approximately 4 m) than the depth of
the upper sites. The middle sites 2 énd 5, which were approximately 5 meters deep,
experienced a thermocline until approximately the end of July when thermocline depth was
at or just below 5 m. The relatively deeper tower sites 1 and 4 (approximately 7 m deep)

experienced thermocline formation through the 3 September 1987 sample.

Dissolved oxygen was in short supply in the hypolimnion from late July until fall overturn.

The west arm showed lower hypolimnion dissolved oxygen levels {(below 2 ppm) sooner (20
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Table 8. Summary of the absolute and relative abundance results for the common net phytoplankton and nannoplankton. The results are
the responses in the post-treatment samples relative to the pre-treatment samples.

Group

Result

Post-Treatment
Response Indicated

Net Plankton

Dinobryon spp.
Synura spp.
Staurastrum spp.
Desmidium spp.
Ceratium spp.
Anabaena spp.

Nannoplankton
Gemellicystis spp-
Dinobryon spp.
Centric diatoms
Pennate diatoms
Gloeocystis spp.

Oocystis spp.
Selenastrum minutum

Crucigenia spp.
Tetraedron lunula
Dinoflagellates

Abundance decreased slightly in both arms. Slightly higher
abundance in the west

Absolute and relative abundance decreased in both arms.
Absolute and relative abundance decreased in both arms.
Absolute and relative abundance increased in both arms.
Absolute and relative abundance decreased in both arms.
Absolute and relative abundance decreased in both arms.

Absolute and relative abundance increased in the west and remained similar in the east.

Higher relative abundance in east arm on initial post-treatment sample.
Higher relative abundance in east arm on initial post-treatment sample.
Higher relative abundance in east arm on inilial post-treatment sample.
Absolute and relative abundance decreased in both arms.

No definite trends.

Absolute and relative abundance increased in both arms.

Higher relative abundance in east arm on initial post-treatment sample.
Absolute and relative abundance decreased slightly in the east.
Absolute and relalive abundance increased slightly in the west and decreased in
the east.

Absolute and relative abundance decreased slightly in both arms.
Absolute and relative abundance decreased in both arms.

No definite trends.

No

No
No
No
No
No
Unlikely

Possible (Positive)
Possible (Positive)
Possible (Positive)
No
No
Possible (Positive)

No
Possible (Negative)

No
No
No

'single lorica species



July 1987) than the east arm which did not experience hypolimnetic dissolved oxygen
concentrations below 2 ppm until the 7 August 1987 sample. On 3 September 1987, both arms
showed anoxic (i.e., no oxygen) conditions below the thermocline, however, on this date the
thermocline was relatively deep {(about 6 m} and did not occupy a large volume of the water

body.

Nutrients

Total phosphorus concentration at 1 m averaged 0.083 mg/L in the east arm and 0.077
mg/L in the west arm. Average total phosphorus concentration for the 4 m sample was 0.084
mg/L in the west arm and 0.292 mg/L in the east arm. The relatively high total phosphorus
average for the 4 m sample in the east arm was caused by a very high estimate (1.33 mg/L)
on 3 September 1987, and was thought to have been a laboratory contaminated sample. The
east arm average (4 m sample) without this estimate was identical to the west arm average
{0.084 mg/L, 4 m). Neither arm showed any apparent seasonal trends in total phosphorus
concentration {see Appendix 9 for the entire data set for nutrients). In particular, the east arm
was similar in total phosphorus concentrations before and after the application of lime for the
1 m sample (Figure 17a). However, at the 4 m depth, the east arm showed a slight decrease
from 0.092 mg/L to 0.061 mg/L between the 10 July 1987 and the 20 July 1987 samples (Figure
17b). Total phosphorus concentration increased slightly in the next sample {(0.097 mg/L) and
was then estimated at 1.33 mg/L on 3 September 1987. The west arm did not show an
immediate decrease after the application of lime, but did show a moderate decrease between
the 7 August 1987 sample {(1m, 0.110 mg/L and 4m, 0.092 mg/L) and the 3 September 1987

sample (1m, 0.069 mg/L and 4m, 0.064 mg/L).

Soluble orthophosphate at 1 m averaged 0.032 mg/L in the west arm and 0.025 mg/L in the

east arm. The west arm was also higher at the 4 m depth with an average of 0.040 mg/L
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compared to 0.027 mg/L for the east arm. As with total phosphorus, there were no strong
seasonal trends in soluble orthophosphate concentration for either arm. After the application
of lime, orthophosphate decreased in the east arm for both the 1 m and 4 m samples (Figures
18a and 18b). Orthophosphate was at its lowest level in the east arm at this time. The west
arm also showed a decrease in orthophosphate on the 20 June 1987 sample for the 4 m
sample but not for the 1 m sample. In subsequent samples for both arms, orthophosphate

was relatively stable at the 4 m depth, but showed iarger fluctuations at the 1 m depth.

Briefly, total kjeldahl nitrogen (TKN) was similar between the east and west arms before
the treatment, however, the east arm showed a relatively high estimate (4.41 mg/L) for the 20
July 1887 sample (1m). Nitrate-nitrogen appeared to be slightly higher for the 4 m sample in
the east arm before the treatment and ammonia-nitrogen appeared to be slightly higher for

the 1 m sample in the west arm before the treatment.

The pertinent nutrient and metal data collected by IS&T for LLI will be presented when
applicable in the discussion section (see Appendix 10) as will the sediment chemistry data

{see Appendix 11).

Zooplankton biomass

Total whole take zooplankton biomass averaged for the six sites in both arms declined
steadily from 25 May 1987 (253.3 ng/L} through 21 July 1987 (57.6 ug/L) and remained relatively
stable, between 75-100 ug/L, for the remainder of the summer through 3 September 1987.
Total zooplankton biomass for the east and west arms also declined throughout the summer
but showed some differences (Figure 13). Prior to the application of lime, the east arm had

a higher total zooplankton biomass on the initial 25 May 1987 sample (280.5 ug/L versus 226.1
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1g/L) and the west arm had a total zooplankton biomass of approximately double that of the
east arm on the next two sample dates {212.3 ug/L versus 106.6 ug/L on 12 June 1987 and
182.3 pg/L versus 88.9 ug/L on 29 June 1987). The average pre-lime zooplankton biomass for
the west arm (206.9 ug/L) was higher than the east arm (158.7 ug/L) primarily due to higher
biomass estimates for Daphnia spp. and, to a lesser extent, cyclopoid copepods (Table 9).
After the lime application, east and west arm biomass estimates for total zooplankton (73.2
ng/L, west versus 79.0 ug/L, east), cladocerans (34.8 ug/L, west versus 43.7 ug/L, east),
copepods (18.9 ug/L, west versus 17.8 ug/L, east), and rotifers (19.5 ug/L, west versus 17.5
ug/L, east) were similar with little suggestion of major differences between arms. Bosmina
spp. and copepods appeared to be dominant in the late spring with Daphnia spp. becoming
dominant in the early to mid-summer (Figure 20). Rotifers increased in relative biomass and
Daphnia spp. decreased from mid-to-late surﬁmer. Copepods showed their lowest relative
biomass in the mid-summer samples. The entire zooplankton data set is given in Appendix

12,

After the 25 May 1987 sample in which very high biomass estimates were found at the
upper arm sites (457.0 ug/L at site 3 and 514.6 ug/L at site 6), primarily because of a very large
Bosmina spp. population, the west arm showed a pattern of decreasing total zooplankton
biomass towards the middle (site 2) and upper (site 3) arm sites (Figure 21a). The east arm
did not have as pronounced a decreasing trend towards the upper arm sites as did the west
arm; however, the lower arm site (site 4) did have a higher total zooplankton biomass estimate
than the middle (site 5) and upper (site 6) arm sites in four of the five samples taken after the
25 May 1987 sample (Figure 21b). An increasing trend in total zooplankton biomass towards
the upper arm sites was found in the east arm on the first (25 May 1987} and last (3 September
1987) samples and in the west arm on the first (25 May 1987) sample. The west arm showed
very similar total zooplankton biomass estimates between the three sites on the last sample

(3 September 1387). Each of the common genera along with the copepod groups are
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Table 9. Mean biomass estimates and relative abundance of common zooplankton genera and copepod groups for the pre-treatment
and post-treatment samples.

Pre-Treatment Post-Treatment Lake
West East West East X

Group ug/L Rel. % ug/L Rel. % ug/L Rel. % ug/L. Rel. % ug/L  Rel. %
Cladocerans

Daphnia spp. 86.1 41.6 335 21.1 26.7 36.5 33.6 42.5 45.0 348

Bosmina spp. 369 17.8 53.3 33.6 4.0 5.5 1.6 2.0 24.0 18.5

Ceriodaphnia spp. 0.8 04 1.3 0.8 31 4.2 78 9.9 33 25

Others 0.6 03 0.6 0.4 1.0 1.4 0.7 0.9 0.7 0.5
TOTAL 124.4 60.1 88.7 55.9 3438 47.6 43.7 55.3 73.0 56.3
Copepods

Cyclopoid (Adult) 32.7 15.8 26.1 16.5 5.6 7.7 8.0 10.1 18.1 14.0

Calanoid (Adult) 249 12.0 11.8 74 11.3 154 8.3 10.5 14.1 10.9

Sub-adults 32 1.6 3.0 1.9 20 2.7 1.5 1.9 24 1.9
TOTAL 60.8 294 40.9 25.8 18.9 25.8 17.8 225 34.6 26.8
Rotifers

Polyarthra spp. 84 4.1 7.9 5.0 3.1 4.2 5.6 7.1 6.2 4.8

Conochilus spp. 7.1 34 10.8 6.8 2.2 3.0 1.3 1.7 53 4.1

Keratella spp. 4.1 2.0 1.9 5.0 34 4.6 23 29 4.5 3.5

Ptygura spp. 0.3 0.1 0.3 0.2 3.9 5.3 6.1 7.7 2.7 2.1

Asplanchna spp. 0.1 0.1 0.4 0.3 5.7 7.8 1.2 1.5 1.8 14

Others 1.7 0.8 1.7 1.1 1.2 1.6 0.9 1.1 1.4 1.0
TOTAL 21.7 10.5 29.0 18.3 19.5 26.6 17.5 22.2 21.9 16.9
GRAND TOTAL 206.9 100.0 158.7  100.0 73.2 100.0 79.0 100.0 129.5 100.0
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Figure 21. Total zooplankton biomass (ug/L) for the west (sites 1-3) and east (sites 4-6) arms.
Values are the mean from the duplicate samples.
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presented in the next section with respect to their site-specific dynamics and responses after

the application of lime in relation to before the application.

Cladocerans

Daphnia spp.

Daphnia spp. was the dominant genera in terms of biomass as they comprised 34.8% of
the total whole lake zooplankton biomass. In the west arm, Daphnia spp. comprised 40.2%
of the total zooplankton biomass in comparison with 28.2% in the east arm. Whole lake
Daphnia spp. biomass was lowest on the initial sample {25 May 1987) and increased on the
next two samples up to a maximum two weeks prior to the application of lime. After the
application, Daphnia spp. biomass remained relatively stable at moderate levels. Biomass
curves for each arm had roughly the same shape; however, both arms showed large
differences in amplitude before the application (Figure 22a). Prior to the application, the west
arm demonstrated a higher Daphnia spp. biomgss on all three samples with an approximately
three-fold higher biomass estimate in comparison with the east arm for the two June sampies.
After the application, Daphnia spp. biomass was nearly identical in both arms on the 21 July
1987 and 7 August 1987 samples. On the final sample, Daphnia spp. biomass was over three

times higher in the limed east arm.

Daphnia spp. biomass represented a large percentage of the total biomass for the
cladocerans because of the dominance of Daphnia spp. on all dates sampled except for the
initial sample (25 May 1987) when Bosmina spp. was in great abundance at the upper sites
3 and 6. Daphnia spp. had higher biomass at the lower arm sites (1 and 4) and decreased in
biomass towards the upper ends of both arms (Figures 22b-d) in all samples except the first

{25 May 1987, west arm) and the last (3 September 1887, east arm). Prior to the application
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of lime, the west arm had higher biomass estimates for all site comparisons. After the
application, Daphnia spp. biomass was nearly identical at the lower arm sites (1 vs. 4) in all
three samples. At the middle and upper sites {2 vs. 5, and 3 vs. 6), Daphnia spp. biomass was
similar for the 21 July 1887 and 7 August 1987 samples; however, on the 3 September 1987
sample, Daphnia spp. had higher biomass at the upper east arm sites (5 and 8) in comparison

with the upper west arm sites (2 and 3).

Bosmina spp.

Bosmina spp. was the next most dominant genera in terms of biomass as they comprised
18.5% of the total whole lake zooplankton biomass. In the east arm, Bosmina spp. comprised
23.1% (27.5 ug/L) of the total zooplankton biomass in comparison with 14.6% (20.4 ug/L) in the
west arm. Whole lake Bosmina spp. biomass was highest (155.7 ug/L, east and 82.6 ug/L,
west) on the initial sample (25 May 13987), obtaining 86% of its seasonal total on that date, and
dropped below 10 ug/L on the second sample and stabilized between 3 and 4 ug/L for the final
four samples. After the application of lime, Bosmina spp. biomass remained relatively stable
in both arms and was similar to the biomass estimate for the sample taken two weeks prior
to the treatment. Except for the initial sample, the west arm showed a higher biomass
estimate than the east arm for all samples; however, the last two samples were relatively

similar for both arms.

The site-specific comparisons for the upper, middle, and lower regions showed an
increased Bosmina spp. biomass towards the upper sites on the initial sample. After the initial
sample, Bosmina spp. biomass was so low that a definite pattern was not evident; however,
the west arm showed a higher Bosmina spp. biomass in nearly all site comparisons for all

samples.
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Ceriodaphnia spp.

Ceriodaphnia spp. comprised 2.5% of the total whole lake zooplankton biomass. In the
east arm, Ceriodaphnia spp. comprised 3.8% (4.6 ug/L) of the total zooplankton biomass in
comparison with 1.4% (2.0 ug/L) in the west arm. Whole lake Ceriodaphnia spp. biomass
increased throughout most of the summer in contrast with most of the other zooplankton
genera. After the treatment, Ceriodaphnia spp. showed an increased biomass for the first two
samples and then decreased on the final sample. This pattern was not evident for the arms
comparison, primarily the west arm. The west arm showed a reiatively steady increase from
29 June 1987 throughout the summer in contrast to the sharp increase and decrease that

characterized the east arm.

The site-specific comparisons did not show major differences between the sites at the
lower and middle regions. The highest Ceriodaphnia spp. biomass was found at the upper
sites, most notably in the east arm where biomass reached 33.6 ug/L on 7 August 1987. The
patterns displayed at the upper sites are very similar to that already discussed for the arms

comparison, except the magnitude was higher.

Copepods

Cyclopoid copepods (aduits)

Cyclopoid copepod adults comprised 14.0% of the total whole lake zooplankton biomass.
In the east arm, cyclopoids comprised 14.3% (17.0 ug/L) of the total zooplankton biomass in
comparison with 13.7% (19.2 ug/L) in the west arm. Whole lake cyclopoid biomass was
highest on the first two samples with a maximum of 46.5 ug/L on the 12 June 1987 sample.

Whoie iake cyclopoid biomass decreased after this maximum and remained between 5 and
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15 ug/L for the final four samples. Cyclopoid biomass was similar between both arms for all
samples except the 12 June 1987 sample. On this date, cyclopoids were more abundant at

sites 1 and 2 in the west arm in comparison with sites 4 and 5 in the east arm.

Cyclopoids did not show major differences in biomass between the upper, middie, and
lower regions of the arms, especially after the application of lime. There does not appear to
be any significant differences between arms or sites after the application of lime; however,

site 6 was higher than site 3 on all but one sample date.

Calanoid copepods (adults)

Calanoid copepod adults comprised 10.9% of the total whole lake zooplankton biomass.
{in the west arm, calanoids comprised 12.9% (18.1 ug/L) of the total zooplankton biomass in
comparison with 8.5% (10.1 ug/L) in the east arm. Whole lake calanoid biomass was highest
on the initial sample (35.6 ug/L) and dropped to its iowest level {2.6 pg/L) on 29 June 1987, two
weeks prior to the application of lime. After the application, calanoid biomass showed a slight
increase. The biomass trends were similar between the two arms on all dates; however, the
west arm had a higher biomass in all six samples. The greatest differences in biomass

between the two arms were found in the first two samples.

The site-specific comparisons showed that on the 25 May 1987 sampie, a large calanoid
biomass at site 3 caused the increased west arm biomass estimate and on 12 June 1987, sites
1 and 2 showed increased calanoid biomass levels. The pattern of higher calanoid biomass
in the west arm was caused by the increased biomass at sites 1 and 2 in comparison with sites
4 and 5 in the east arm for nearly all samples. The cyclopoids did not show major differences

in biomass between upper, middle, and lower arm sites.
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Sub-Adults (copepods)

Sub-adult copepods comprised 1.8% of the total whole lake zoopiankton biomass. They
also comprised 1.9% of the total zooplankton biomass in the east (2.3 ug/L) and west (2.6
ug/L) arms. Whole lake sub-adult copepod biomass was highest on the initial sample and
decreased thereafter to a minimum one week after the application of lime. Sub-adult biomass
showed either a stabilization or slight increase in the final two samples. The biomass trends
were similar between the two arms on all dates; however, the west arm was consistently

higher in all but one sample. Upper sites were higher in sub-adult biomass for most samples.

Rotifers

Polyarthra spp.

Polyarthra spp. comprised 4.8% of the total whole lake zooplankton biomass and was the
dominant rotifer genera in terms of biomass. In the east arm, Polyarthra spp. comprised 5.7%
(6.8 ug/L) of the total zooplankton biomass in comparison with 4.1% (5.7 ug/L) for the west
arm. Whole lake Polyarthra spp. biomass fluctuated without any discernible pattern
throughout the summer. After the first two samples, Polyarthra spp. was consistently higher
in biomass in the east arm and showed greater fluctuations from one sample to the next. The
west arm biomass decreased through the 21 June 1987 sample and then showed a slight
increase thereafter; whereas, the east arm fluctuated in a more random manner. The
site-specific comparisons showed little differences between the lower and middle regions;
however, the upper region in the east arm (site 6) displayed a consistently higher biomass
from 29 June 1987 throughout the summer in comparison with the upper region in the west

arm (site 3) and the other sites.
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Conochilus spp.

Conochilus spp. comprised 4.1% of the total whole lake zooplankion biomass. In the east
arm, Conochilus spp. comprised 5.1% (6.0 ug/L) of the total zooplankton biomass in
comparison with 3.2% (4.5 ug/L) in the west arm. Whole lake Conochilus spp. biomass
showed a maximum {24.3 ug/L) on the initial sample and decreased to relatively low biomass
levels {less than 5.0 ug/L} for the remainder of the summer. This pattern was evident for both
the east and west arms which showed similar biomass trends. There were no apparent
differences between sites and regions with the site-specific comparisons except for the initial
sample where Conochilus spp. showed increased levels at the middle and upper regions in

both arms.

Keratella spp.

Keratella spp. comprised 3.5% of the total whole lake zooplankton biomass. In the east
arm, Kerafella spp. comprised 4.3% (5.1 ug/L) of the total zooplankton biomass in comparison
with 2.8% (3.9 nug/L) in the west arm. Whole lake Keratella spp. biomass reached a maximum
{11.0 ug/L) on the 12 June 1987 sample; however, no discernible biomass patterns were
evident throughout the season. The east and west arms comparison showed higher Keratella
spp. biomass in the east arm on the 25 May 1987 and 12 June 1987 samples and in the west
arm on 3 September 1987. These conclusions are supported by the site-specific comparisons
as Keratella spp. biomass was higher at sites 5 and 6 in comparison with sites 2 and 3 on 25
May 1987 and 12 June 1987 and sites 2 and 3 are higher than sites 5 and 6 on 3 September
1987. The lower region sites were similar for all samples. There does not appear to be any

significant biomass differences between upper, middle, and lower regions within the arms.

Ptygura spp.
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Ptygura spp. comprised 2.1% of the total whole lake zooplankion biomass. In the east arm,
Ptygura spp. comprised 2.7% (3.2 ug/L) of the total zooplankton biomass in comparison with
1.5% (2.1 ug/L) in the west arm. As was seen in Ceriodaphnia spp., Ptygura spp. whole lake
biomass showed a large increase as the summer progressed. Both arms showed similar
biomass trends; however, the east arm showed a higher biomass estimate for all three
samples taken after the application of lime. The site-specific comparisons showed that the
increased east arm biomass levels were primarily due to a higher relative biomass at site 5
over site 2, and to a lesser extent, site 6 over site 3. Other than the high biomass estimates

at site 5, there were minimal biomass differences between the regions within the arms.

Asplanchna spp.

Asplanchna spp. comprised 1.4% of the total whole lake zooplankton biomass. In the west
arm, Asplanchna spp. comprised 2.1% (2.9 ug/L) of the total zooplankton biomass in
comparison with 0.7% (0.8 ug/L) in the east arm. Asplanchna spp. biomass was dominated
by a large relative biomass (30.3 ug/L) found at site 3 on May 7, 1987. Asplanchna spp.
biomass was similar for the three samples taken prior to the application of lime. After the
application of lime, the west arm showed a consistently higher biomass for most samples.
The site-specific comparisons showed a consistently higher biomass at sites 1 and 2 in
comparison with sites 4 and 5 after the application of lime in addition to the relatively high
Asplanchna spp. biomass at site 3 on May 7, 1987. A summary of the biomass trends and the

post-lime responses is given in Table 10.
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Table 10. Summary of the biomass resulls for the common zooplankion. Included in the results are the responses in the post-treatment
samples relative to the pre-treatment samples.

Post-Treatment
Group Result Response Indicated
Cladocerans Higher pre-treatment biomass at sites 1 and 2. Absolute biomass decreased in Unlikely
both arms. Relative biomass decreased in the west.
Daphnia spp. Primarily pelagic. Higher pre-treatment biomass consistently in west arm. Unlikely
Higher biomass at sites 5 and 6 on 9/3/87. Absolute and relative biomass
decreased in the west. Relative biomass increased in the east.
Bosmina spp. Moderately pelagic to littoral. Higher biomass at sites 2 and 3, except on No
5/27/817. Absolute and relative biomass decreased considerably in both arms.
Ceriodaphnia spp. Primarily littoral when abundant. Absolute and relative biomass increased in Unlikely
both arms, especially in the east. Highest biomass estimates at site 6.
Copepods Slightly higher biomass consistently at sites 1, 2, 6. Higher biomass at sites 1 No
and 2 on 6/12/87. Absolute biomass decreased in both arms. Relative biomass
decreased slightly in both arms.
Cyclopoid (Adult) Higher biomass at site 6 on all samples except 5/25/87. Higher biomass at sites 1 No
and 2 on 6/12/87. Absolute and relative biomass decreased in both arms.
Calanoid (Adult) Higher biomass at sites 1 and 2 consistently. Absolute biomass decreased and No
relative biomass increased in both arms.
Sub-adults Primarily littoral. Slightly higher biomass consistently in west arm, especially at No
site 3. Absolule biomass decreased in both arms. Relative biomass increased
in the west.
Rotifers Higher relative biomass in the east arm on sample taken immediately after liming. Unlikely (Positive)

Polyarthra spp.
Conochilus spp.

Keratella spp.

Ptygura spp.

Asplanchna spp.

Higher biomass at site 6 for last four samples. Absolute biomass decreased in
both arms. Relative biomass increased in the east.

Moderately pelagic to littoral when abundant. Absolute and relative biomass
decreased in both arms, especially in the east. Higher relative biomass in the
east arm on sample taken immediately after liming.

Higher biomass at sites 5 and 6 on 5/25/87 and 6/12/87. Higher biomass at sites 2
and 3 on 9/3/87. Absolute and relative biomass decreased in the east. Relative
biomass increased in the west.

Moderately pelagic. Absolute and relative biomass increased in both arms,
especially site 3 in the east. Higher relative biomass in the east arm

on sample taken immediately afler liming.

Moderately pelagic to littoral. Absolute and relative biomass increased in both
arms, especially in the west.

No

Unlikely (Negative)

Unlikely (Negative)

Unlikely (Positive)

No




Zooplankton density

The dominant zooplankton genera and groups in terms of biomass were not the dominant
taxa in terms of density (#/L). The rotifers comprised 71.6% of the whole lake zooplankton
individuals sampled. Rotifers comprised 73.5% of all zooplankton individuals samplied in the
east arm compared to 69.2% in the west arm. Rotifers were more abundant in the east arm
{171 individuals/L) in comparison to the west arm (131 individuals/L). The dominant rotifer
genera were Conochilus spp., which comprised 31.6% of the whole lake zooplankton
individuals sampled, Keratella spp. {19.1%), and Ptygura spp. (12.5%). Conochilus spp.
showed the same abundance pattern as did Bosmina spp. as it obtained approximately 75%
of its total abundance on the initial 25 May 1887 sample. Polyarthra spp. was only the fourth
most abundant rotifer genera sampled; however, its large relative biomass compared to the
other rotifer species made it the dominant genera sampled in terms of biomass. A summary
of zooplankton genera and the copepod grodp’s absolute and relative density estimates

before and after the application of lime is given in Table 11.

Zooplankton density versus biomass comparison

Total zooplankton density declined throughout the summer as did biomass; however,
density was more similar overall between the east and west arms than was biomass (Figure
23, also see Figure 19). There were no apparent differences in total zooplankton density
between the arms prior to or after the application of lime, with the large Bosmina spp. found
on the initial 25 May 1987 sample taken into account. Average zooplankton size per individual
(i.e., total biomass/total density) was less than 1 ug for all dates sampled in the east arm;
however, the west arm showed an average size greater than 1 ug on 12 June 1987 (1.22 ng)

and 29 June 1987 {1.71 ug) caused by a reiatively large Daphnia spp. population in the west
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Table 11. Mean density estimates and relative abundance of common zooplankton genera and copepod groups for the pre-treatment
and post-treatment samples.

Pre-Treatment Post-Treatment Lake
West East West East X

Group #/L. Rel. % #/L Rel. % #/L Rel. % #/L Rel. % #/L Rel. %
Cladocerans

Bosmina spp. 31.5 13.8 55.5 17.2 6.1 4.1 2.4 1.7 239 11.3

Daphnia spp. 13.1 5.7 5.2 1.6 33 2.2 4.3 3.0 6.5 3.1

Ceriodaphnia spp. 0.5 0.2 0.6 0.2 2.1 1.4 4.2 29 1.9 0.9

Others 0.4 0.2 0.5 0.2 0.8 0.5 0.5 04 0.6 0.3
TOTAL 45.5 19.9 61.8 19.2 123 8.2 114 7.9 329 15.5
Copepods

Sub-adults 23.0 10.0 20.7 6.4 21.1 14.1 154 10.7 20.1 9.5

Cyclopoid (Adult) 5.5 2.4 5.5 1.7 2.0 1.3 34 24 4.1 1.9

Calanoid (Adult) 39 1.7 2.5 0.8 34 2.3 2.8 1.9 3.2 1.5
TOTAL 324 14.2 28.7 8.9 26.5 17.7 21.6 15.0 274 12.9
Rotifers

Conochilus spp. 88.6 38.7 134.6 41.8 27.6 18.4 16.1 11.2 66.7 31.5

Keratella spp. 373 16.3 72.2 224 30.7 20.5 21.1 14.6 40.3 19.0

Ptygura spp. 2.8 1.2 2.9 0.9 389 259 61.4 42.6 26.5 12.5

Polyarthra spp. 11.4 5.0 10.7 33 5.1 34 7.5 5.2 8.7 4.1

Asplanchna spp. 0.1 0.0 0.3 0.1 3.9 2.6 0.8 0.6 1.3 0.6

Others 10.9 4.8 11.2 3.5 5.1 34 42 2.9 7.9 3.7
TOTAL 151.1 66.0 231.9 71.9 111.3 74.2 111.1 77.1 151.4 71.5
GRAND TOTAL 229.0 100.0 3224  100.0 150.1 100.0 144.1 100.0 211.7 100.0




arm on those dates. Differences in the composition of the zooplankton taxa sampled and the
average individual sizes influenced the biomass estimates, whereas, the density estimates
were unaffected. The average sizes of the cladocerans (i.e., especially Daphnia spp.) and
copepods (i.e., especially cyclopoids) showed variability between sample dates and within
sample sites. The average size of Daphnia spp. showed the greatest variability with a low of
2.03 ug calculated for site 6 on 7 August 1987 and a high of 14.79 ug for site 4 on the same
date. Average size estimates for cladocerans and copepods for each sample on a

site-specific basis are presented in Appendix 13.

Friedman’s test failed to reject the null hypothesis of no significant difference in average
Daphnia spp. size among the upper, middle, and lower arm sites within the west arm;
however, the east arm showed a significant difference among sites (west, P = 0.31, N = 6;
east, P = 0.006, N = B). The Sign Test concluded that site 4 was significantly different than
sites 5 and 6 (P = 0.016 for both tests, N = 6); however, site 5 was not significantly different
than site 6 (P = 0.109, N = 6). The other cladoceran genera and copepod groups {i.e., even
cyclopoids) failed to show significant trends in site-specific average sizes. There was also
variability in average sizes between samples as cladoceran genera and copepod groups
showed a general pattern of a maximum average size in the late spring to midsummer

sampies, but a low to minimum average size for the late summer samples.

The variability in average size did not greatly affect the results of the zooplankion genera
and copepod group comparisons between arms and specific sites on a biomass basis.
Daphnia spp., which showed the greatest variability in average size, showed the same pelagic
nature, showed a consistently higher pre-lime density in the west arm, and showed a higher
density at sites 5 and 6 on 3 September 1987. The arm and site-specific density comparisons
between the cyclopoid adults and the calanoid adults, which also demonstrated relatively high
variability in average individual biomass estimates, also yielded similar results as was found

for biomass. The variability in average size for sub-adult copepods, Ceriodaphnia spp., and
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Bosmina spp. were not as great as with the larger zooplankton individuals of Daphnia spp. and
the other copepod groups. As before, similar pre- and post-treatment conclusions were found
with density comparisons. Since a constant weight value was used for each rotifer individual
within a specific genera, the results based on the comparisons between arms and sites did

not differ on a biomass or density basis.

Young-of-the-year bluegill growth

Young-of-the-year bluegills (15-35 d old) from the west arm grew at an average rate of 0.45
mm/d compared to 0.41 mm/d in the east arm. The null hypothesis of no difference in bluegill
growth between the arms was rejected by the Wilcoxon Rank Sum Test {P = 0.034; east, N
= 28 and west, N = 23) concluding that the west arm bluegills grew at a faster rate. The
graph of the growth rate vs. age data showed higher variability in growth for the relatively
younger fish (15-20 d old) for each arm and faster growth for the younger fish in the west arm
{Figure 24). Fish were separated into two age ciasses {15-20 and 21-35 d old) which were
tested separately in order to account for possibie age-growth interactions. The Wilcoxon Rank
Sum Test failed to reject the null hypothesis of no difference in bluegill growth between the
arms (P = 0.597; east, N = 18 and west, N = 15) for fish 21-35 d old. For fish 15-20 d old,
however, the null hypothesis was rejected {P = 0.012; east, N = 10 and west, N = 8)
concluding that the relatively younger fish in the west arm grew at a faster rate than
comparably aged east arm fish (Table 12). Fish less than 20 d old in the west arm grew at a
rate of 0.50 mm/d compared to 0.41 mm/d in the east arm. Age and growth data for the east

arm and west arm bluegills is given in Appendix 14.
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Table 12. Comparison of YOY bluegill mean daily growth rates (mm/d) by age group
between the east and west arms for the period when alkalinity was different
between the east and west arms with the Wilcoxon Rank Sum Test (x = 0.05).

Growth
Age Group (d) , Arm (mm/d) N P
15-35 West 0.45 23
0.034*
East 0.41 28
21-35 West 0.42 15
0.597
East 0.41 18
15-20 West 0.50 8
0.012*
East 0.41 10
Resuits 88



Discussion

Although the character of this study was compromised due to the contamination of the
west arm with calcite dissolution products wiihin 1 month after liming, other factors were more
important in determining lack of response in productivity or species composition in the limed
arm. These factors, which are discussed more thoroughly in section 2, were: the inability of
the caicite dose to neutralize the east arm sediments, productivity limitation by factors other
than dissolved inorganic carbon {DIC), and the relatively high pre-treatment pH. | began the
discussion by describing the trophic status and general plankton characteristics of Flat Top
Lake which determined the primary factors that influenced the observed phytoplankton and
zooplankton biomass levels and seasonal trends and species composition. Information from
this section was useful as a basis in determining why the treatment to the east arm of Flat Top
Lake was not sufficient to induce biological changes. In addition, trophic status determination
and plankton species composition characteristics may prove useful to the Flat Top Lake
Owners Association in future eutrophication studies or as baseline data for the evaluation of

responses to other future management practices (e.g., grass carp introduction).
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Section 1. Flat Top Lake characteristics

Trophic status

Carison (1977) proposed a trophic staté index (TS8I) for north temperate lakes that has been
widely used because it retains the robustness of multi-parameter indices, yet has the
simplicity of single parameter indices. Carlson interrelated commonly used trophic criteria
(chiorophyli a concentration, total phosphorus concentration, Secchi disk transparency) by a
series of predictive equations (e.g., log-transformed bivariate linear regressions between
Secchi depth - chlorophyll a, chiorophyll a - total phosphorus, and chlorophylt a predicted
Secchi depth - total phosphorus) to form a common scale so that measurements of any of the
trophic criteria could be used to determine trophic status. The index was scaled? between 0
and 100 with O representing extreme oligotrophic conditions (e.g., Secchi disk of 64 m,
chiorophyil a of 0.04 mg/m?, total phosphorus of 0.75 ug/L) and 100 representing extreme
eutrophic conditions (e.g., Secchi disk of 0.06 m, chlorophyll a of 1,183 mg/m?, total
phosphorus of 0.77 mg/L). Wetzel (1983) and Maloney (1979) characterized Carlson’s TSI
values to correspond to more commonly used trophic status nomenclature (e.g., oligotrophic,
mesotrophic, eutrophic, Table 13). Carlson (1977) suggested that, when available, summer
chlorophyll a should be given priority for the purposes of classification. Flat Top Lake would
be classified as oligo-mesotrophic based on mean summer (5 June through 3 September 1387
samples) chiorophyll a concentration (2.81 mg/m?, Table 14), and mesotrophic based on

corresponding mean summer Secchi disk transparency (3.29 m, Table 14).

2 Each increase of 10 units corresponded to a halving of Secchi disk transparency (m) by transforming
Secchi disk values to the logarithm to the base 2 using 64 m as the zero point {i.e., TS| = 10(6 -
log, SD)).
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Table 13. Trophic state categories based on Carlson’s TSI (0-100). Ranges adopted
from Wetzel (1983) and Maloney (1979).

Oligotrophic =~ Mesotrophic Eutrophic  Hypereutrophic

TSI <40 41-50 51-70 >70
Total phosphorus (ug/L) <12 13-25 26-99 =100
Chlorophyll a (ug/m?) <3 3.7 8-54 >55
Secchi depth (m) >4 4-2 2-0.5 <0.5
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Table 14. Carlson’s TSI values (0-100) for Flat Top Lake. Based on the mean summer chlorophyil a
(mg/m?®), Secchi depth (m), and total phosphorus (ug/L) samples.

West East West  East
Site] Site2  Site 3 Site4 Site5 Site 6 X X
Chlorophyll 38.3 40.9 42.7 38.2 39.9 43.0 408  40.6
Secchi depth 40.3 43.9 45.7 39.8 42.5 46.2 431 426
Total Phosphorus! 31.2 28.7

'based on samples taken by IS&T (Appendix 10)
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Carison’s TSl is most valid in lakes where total phosphorus limits primary productivity and
light attenuation is primarily determined by algal biomass {Carison 1980; Walker 1984). There
is “sufficient” evidence to conclude that total phosphorus was the limiting nutrient in
phytoplankton primary productivity in Flat Top Lake and that non-algal light extinction,
although not excessive, may have also limited productivity. Smith (1982) found that in 127
North latitude lakes, total phosphorus was not exclusively limiting unless a total nitrogen/total
phosphorus ratio (TN/TP) greater than 35 was achieved. Flat Top Lake phytoplankton
productivity would be considered phosphorus limited (TN/TP = 37.0) based on average {1 m
sample) 1987 pre- and post-treatment total nitrogen and total phosphorus concentrations
determined by IS&T? (Appendix 10). Walker (1984) presented evidence that phytoplankton
primary productivity in reservoirs with chlorophyll a (mg/m?) - Secchi disk {m) products less
than 10 mg/m? was limited by non-algal turbidity and did not show increased productivity at
higher nutrient levels. The mean summer (5 June through 3 September 1987 samples)
chlorophytl a - Secchi disk product for Flat Top Lake was 8.8 {range 5.5 - 10.7), indicating that
non-algatl light limitation from suspended sediments could have been a factor in addition to

phosphorus limitation controlling productivity.

Carlson’s TS| prediction for Flat Top Lake based on the mean of the pre- and
post-treatment total phosphorus concentrations determined by IS&T {0.005 mg/L) was
oligotrophic (Table 14) and lower than what would be expected given the observed chlorophyil
a and Secchi disk values. Systematic differences among the TSI variables have been shown
to indicate specific conditions in a lake (Osgood 1983; Carlson 1983). Lakes that have
relatively low total phosphorus TSI values in comparison to chlorophyll a and Secchi disk
values are oftentimes limited by phosphorus and lakes with relatively higher Secchi disk TSI
values relative to chlorphyll a values oftentimes have significant non-algal light attenuation

{Carlson 13980, 1883). The relationship of the TS| values for Flat Top Lake supports the

3 There was a large discrepancy between total phosphorus concentrations between IS&T and VPI&SU
samples. Predictions of total phosphorus based on chlorophyll a (Carlson 1977) were much closer to
the IS&T estimates (Predicted TP = 0.011 ug/L).
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hypothesis that phytoplankton productivity was primarily phosphorus limited and that
non-algal turbidity may be a secondary limiting factor. Therefore, differences in phytoplankton
biomass and primary productivity rates and Secchi disk transparency between the east and
west arms would have been expected in Flat Top Lake if the caicite application significantly

influenced either phosphorus concentrations or non-algal turbidity.

Canfield et al. (1983, 1984) discouraged the use of trophic state indicators that are based
solely on conditions in the pelagic zone {e.g., algal biomass, water transparency, open-water
nutrients) in lakes that have abundant aqUatic macrophytes. They developed an alternative
trophic state predictor based on the potential water column nutrient concentration which
would be obtained by adding the nutrients contained in the macrophytes with those in the
water. Najas spp. and Nitelia spp. were the dominant macrophyte species in Fiat Top Lake
reaching maximum coverage in late summer-early fall in the coves and bays and upper arm
areas (Smith 1988). Najas spp. covered a maximum of approximately 30 acres {i.e., 13% of
lake area) during the 1987 season and grew to a height of approximately 2 m to depths of 2.5
m. Nitella spp., which grew to depths of 4-5 m, had a larger percentage coverage (i.e., a
maximum of approximately 20-30% of the lake area) but only grew to a maximum height of
approximately 30 cm. Macrophtyes appeared to cover a greater percentage of area in the
west arm in relation to the east arm. The required sampling needed to estimate total water
column phosphorus (i.e., water column phosphorus + phosphorus contained in the
macrophytes) was not made; however, an increase in trophic state classification for Flat Top
Lake from the oligo-mesotrophic range to mesotrophic may be

warranted for the late summer-early fall period when aquatic macrophytes are considered.

Although Flat Top Lake would be categorized as mesotrophic, the low hypolimnetic
dissolved oxygen levels (below 2 ppm) found from mid-summer to the anoxic (i.e., no oxygen)
conditions found at the deeper sites (sites 1 and 4) in late summer-early fall are characteristic

of eutrophic lakes (Hutchinson 1957; Cole 1983). The east arm of Flat Top Lake showed slightly
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higher dissolved oxygen concentrations in the hypolimnion than the west arm, probably as a
result of the greater mean depth in the east arm (4.09 m, east vs. 3.66 m, west) and a larger
relative volume of water contained below the thermocline. Other contributing factors could
be higher relative decomposition rates in the west arm as a result of increased macrophyte
abundance and higher allochthonous input from the relatively larger and possibly more fertile

west arm watershed.

Low hypolimnetic dissolved oxygen levels often leads to increased rates of eutrophication,
especially in surface discharge reservoirs (i.e., as opposed to hypolimnetic withdrawal),
because of sediment-water interactions that can release large amounts of phosphorus which
can become biologically available after thermal stratification breaks down (Hutchinson 1857,
Wetzel 1975; Bostrom et al. 1982) It appears that Flat Top Lake acts as a phosphorus sink
during thermal stratification and recycles phosphorus at overturn as exemplified by the
maximum chiorophyll a concentrations occurring in the late fall sample after overturn with the
highest values occurring in the pelagic zone of the deepwater areas of the lake (sites 1 and
4). After a relatively high phytoplankton biomass estimate on the 5 June 1987 sample (3.69
mg/m?®), the gradual decline on the next five samples and the significant pattern of higher
biomass towards the upper arm sites supports the hypothesis that overall phosphorus
availability was decreasing and the upper arm sites which did not experience prolonged
stratification had relatively higher phosphorus availability because of recycling from the
sediments. Bostrom et al. (1982), in their review of factors and processes which induce
phosphorus release from lake sediments, reported that phosphorus reiease, which is
controlled by oxidation-reduction reactions under anaerobic conditions (Mortimer 1941, 1942),
can be as high under aerobic conditions. Mechanical mixing, bioturbation, release from live
and decaying macrophytes, as well as the possible occurrence of anaerobic microzones in the
sediment are all possible causes of increased phosphorus availability (Bostrom et al. 1982)
and the associated increased phytopiankton biomass towards the upper arm sites. The

increasing trend in phytoplanktion biomass measured from 20 July 1887 through the 3
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September 1887 sample was probably influenced by the increasing percentage of Flat Top
Lake that was not thermally stratified as the thermocline became deeper. The relative
stabilization or slight decrease from 7 August 1987 through 1 October 1987 corresponded to
the maximum macrophyte production which probably competed with phytoplankton for
nutrients. The relatively low sediment phosphorus concentrations (3-8 mg/L, Appendix 11)
measured for Flat Top Lake in 1987 indicate that phosphorus loading from the watershed is
low and phosphorus does not continually accumulate between years, which is probably a
result of the relatively short residence time (0.59 years) and the probabie discharge of
relatively high concentrations of recycled phosphorus during spring. Evidence of significant
nutrient accumulation and subsequent recycling is the appearance of filamentous or
planktonic algal blooms (Hutchinson 1967) which did not occur in Flat Top Lake in any
appreciable amounts in 1887, although filamentous algae were present in moderate amounts
in the wind-protected coves and bays during the 18 November 1987 sample. Eutrophication
caused by sedimentation and increased macrophyte growth currently appears to be more of

a problem in Flat Top Lake than nutrient enrichment.

Plankton characteristics

The composition of the phytoplankton community in Flat Top Lake was characteristic of an
oligo-mesotrophic lake. Based on the phytoplankton associations described by Hutchinson
(1967), Flat Top Lake showed characteristics of several of the more oligotrophic associations
and a few of the mesotrophic to eutrophic associations. Although four samples were
inadequate to determine seasonal succession precisely, in general there was a dominant late
spring diatom population that was replaced in dominance by a Chrysophyte/Chlorophyta
assembiage in the summer. Dinobryon spp., represented by a net plankton and
nannoplankton form, and the colonial green algae, Gemellicystis spp. and Gloeocystis spp.,

were the dominant genera.
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The abundance of certain phytoplankion types in Flat Top Lake were characteristic of lakes
that are nutrient limited. Dinobryon spp. is a characteristically dominant species in
unproductive lakes, but can also be abundant in eutrophic iakes under low nutrient conditions
often found during summer stratification {Hutchinson 1967; Sondergaard and Jensen 1986).
The ratio between species number of centric and pennate dialoms increases with increasing
degree of eutrophy (Nygaard 1949). Although diatom species were not identified, the
abundance of centric diatoms decreased substantially from the initial sample to the final
sample as pennate diatom abundance remained relatively stable between the second through

final sample which may have been an indication of declining nutrient availability.

The ratio of calanoid to cyclopoid copepods has also been used as a predictor of trophic
status with a low ratio indicative of more eutrophic conditions and a high ratio indicative of
more oligotrophic conditions (Gannon and Stemberger 1878). The ratios for the six
zooplankton samples taken at Flat Top Lake showed an i’ncreasing trend (i.e., more calanoids)
towards the fourth (21 July 1987) and fifth (7 August 1887) sampies and then a decline on the
final sample {0.77, 0.42, 0.43, 1.35, 1.92, 0.82) which corresponds with the hypothesis of nutrient
depletion (i.e., seasonal oligotrophication) occurring during thermal stratification and

subsiding in September-October (i.e., increasing nutrient availability).

The seasonal patterns in phytoplankton and zooplankton biomass in Flat Top Lake
appeared to simulate a herbivore-plant oscillation (Figure 25), assuming a high phytoplankton
biomass in the spring, which is characteristic of temperate lakes (Hutchinson 1967). Peak
zooplankton grazing rates have been estimated as high as 600% of the daily primary
production (Bosselmann and Riemann 1986), which can reduce phytoplankton biomass and/or
influence species composition (Porter 1977). The general trend of high Daphnia spp. biomass
at low chlorophyll a concentrations (Figure 268) suggests that Daphnia spp., which have
relatively high filtering rates {Porter 1977; Bosselmann and Riemann 1986), should also be

considered a limiting factor for phytoplankton biomass. The increase in phytoplankton
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biomass observed from mid-summer to fall, however, did not correspond to a measurable
increase in zooplankton biomass which may have been a result of a decline in algal food
quality (e.g., Anabaena spp., Staurastrum spp., and the colonial green algae Gemellicystis spp.
and Gloeocystis spp.) or an increased reliance on an alternate food source (e.g., bacteria).
Seasonal patterns in Flat Top Lake were similar to other temperate lakes, which
characteristically show a dominant cladoceran and copepoed abundance in early summer,
followed by declines in mid-to-late summer and an increase in the relative percentage of
rotifers in mid-to-late summer because of a greater reliance on bacteria as a food source or
an increase in very small phytoplankton species (e.g., ultraplankton - 0.5 to 10 um, Wetzel
1875) and increased predation pressure on planktonic crustaceans by fish and Chaoborus spp.
{Pace and Orcutt 1981). Pelagic bluegill larvae were most abundant from mid-June to mid-July
{catch indices not determined; based on general observations from tow samples) which was
the period when total zooplankton biomass (especially Daphnia spp., and to a lesser extent
copepods) also declined. The lack of suitable planktivorous fish abundance estimates in
conjunction with zooplankton biomass decreases the ability to conclude a significant

"top-down” effect on zooplankton community composition and biomass (Mills et al. 13987).

Section 2. Responses

Calcite dissolution

Calcite dissolution results in an increase in total alkalinity, ANC, pH, and Ca?*
concentration (Boyd 1979). Sverdrup (1986) described the dissolution of calcite particles in
water as a "heterogeneous solid-liquid reaction” which was controlled by diffusion with the

dominant chemical reactions being:
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CaCO;+ H* = Ca’*+ HCO,- 1

CaCO,+ H,0 + CO, = Ca*+ 2HCO,- (2)

CaCO,+ H,0 = Ca? + HCO,~+ OH- (3)

however, equation (3) dominates at pH values of 6.5 or higher (as in Flat Top Lake). The
dissolution efficiency of calcite particles is determined primarily by the particle size
distribution, the initial pH of the water, the sinking depth, and the degree of wet slurrying prior
to the application (Saunders et al. 1985) which can increase dissolution efficiency by as much

as 40% (Sverdrup 1983).

The predicted initial dissolution efficiency of 41% by the DeAcid model was not obtained
in Flat Top Lake because of a higher than expected pH prior to the treatment (pH = 7.07, 10
July 1987) and a relatively large particle size distribution for the calcite. Mean calcite particle
size used at Flat Top Lake was 45 um, whereas, mean calcite particle size was less than 20
um for the other 21 lakes limed by LLI in 1986-1987 (Adams and Brocksen 1988). Based on the
method of Sverdrup and Warfvinge {1988), the Fiat Top Lake initial dissolution efficiency was
approximately 8%. A post-lime pH of 7.07, mean depth of 4.09 m, and a particle size
distribution that corresponded to material sieve curve #6 was used for the determination.
Initial dissolution would have been highest in zone 1 {approximately 10%) and lowest in zones
2 and 4 because of depth differences*. Adams and Brocksen (1988) reported an initial average
dissolution efficiency of 10.2% for Flat Top Lake. IS&T (1987) estimated the dissolution

efficiency at the time of the post treatment sample (19 August 1987) between 14-30%

4 Initial dissolution efficiencies could not be extrapolated from the graph (Sverdrup 1988) for zones 2
and 4 because the adjusted pH was off the scale
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depending on the degree of calcite diffusion from the east arm (e.g., 14% if calcite was
contained entirely in the east arm and 30% if evenly mixed throughout the lake). The alkalinity
trends analysis supported total mixing; however, the entire lake did not have similar alkalinity
until the 3 September 1987 sample. The dissolution percentage was probably slightly less
than 30% at the time of the IS&T post-treatment sample. Pre- and post-treatment Ca®+
concentrations estimated by IS&T (Appendix 10) supported the conclusions from the alkalinity
trends analysis. Ca®* concentrations increased by 1.47 mg/L at site 5, 1.18 mg/L near the
outlet, and 0.6 mg/L at site 2 in the post-treatment sarﬁple {19 August 1987) relative to the
pre-treatment sémple {31 March 1987). The higher relative increase near the outlet compared
to site 2 {(west arm) suggested that calcite diffusion downstream was faster than into the west
arm. Ca?* concentration for the hypolimnion post-treatment sample near the outlet was lower
than the epilimnion concentration (7.91 mg/L, epilimnion vs. 6.72 mg/L, hypolimnion) and
similar to the pre-treatment Ca** concentration {6.73 mg/L, pre-treatment vs. 6.72 mg/L,
post-treatment). This suggests that calcite diffusion occurred above the hypolimnion only.
Because epilimnetic alkalinity did not show a decline in the east arm after the treatment,
suggests that residual calcite particles that reached the sediment in non-stratified areas and
possibly calcite particles suspended above the thermocline provided additional HCO;~ to the

east arm to maintain alkalinity during diffusion to relatively lower alkalinity areas.

A maximum sediment dose of 0.97 tonnes/ha (864 Ib/acre) reached the east arm sediments
(IS&T 1987). Slightly less than 20% of the sediment dose dissolved into the water by 19 August
1987 based upon the initial dissolution efficiency of 10.2% (Adams and Brocksen 1988) and the
estimated dissolution percentage slightly less than 30% by 19 August 1987 (IS&T 1987). The
simplified reacidification model of Sverdrup and Warfvinge (1985) predicted it will take a
minimum of 2.5 years for Flat Top Lake to exhaust its sediment buffer capacity based on the
mean hydraulic residence time (O.SQ years) and sediment dose (approximately 1 tonne/ha).
The model was developed from several Swedish limed lakes {pre-treatment pH less than 5.0)

and is applied to estimate reacidification time to pH 6.0. Although Flat Top Lake pH has been
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periodically recorded between 5.5-6.0 (WV Department of Health data, Figure 3a), pH values
are usually in the 6.4-7.0 range; therefore, residual calcite dissolution rate is expected to be
much less in Flat Top Lake than in the Swedish lakes that this model was developed from.
Residual calcite deactivation from humus and metal precipitation is not expected to be as high
in Flat Top Lake than in the Swedish lakes that have higher dissolved metal and organic acid
concentrations (deactivation usually occurs within 3 years, Sverdrup and Warfvinge 1985);
however, the relatively higher sediment inputs from the Flat Top Lake watershed can
deactivate residual calcite. The 2.5 year estimate can only be thought of as a rough
approximation. Comparison of alkalinity (or ANC) values between the middle-to-upper east
and west arm areas within a week to two weeks after periods of high discharge (e.g., spring
snowmelt or after very heavy thunderstorms) may indicate whether the east arm residual

calcite dose is providing a water column buffering source.

Phytoplankton

An increase in phytoplankton productivity and biomass was hypothesized for the east arm
of Flat Top Lake after the application of lime. Liming induced increases in the supply of
photosynthetically available carbon, because of higher bicarbonate (HCO;~) alkalinity, and
phosphorus concentration, were thought to be the primary factors which would have caused
the hypothesized increase. Based upon the treatment characteristics and the pre-treatment
conditions at Flat Top Lake, the possibility of increased phosphorus concentration and carbon
limited primary productivity will be discussed. Failure of the treatment to cause an increase
in phosphorus concentration was the primary factor that no increase in phytoplankton
productivity and biomass was detected in the east arm. The significance of calcite diffusion
into the west arm as a confounding factor, improvements in the study design, the immediate

effects of the treatment on phytoplankton productivity and biomass, and the effects of the
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treatment on phytoplankton community composition and lake transparency will also be

discussed.

Phosphorus

The effect of liming acidified lakes on total phosphorus concentration has received
attention because of its role in the rapid restoration of phytoplankton productivity and biomass
1o pre-acidification levels {Scheider and Dillon 1976; Fraser et al. 1985). In most studies, the
phytoplankton response has followed the phosphorus response (Fraser et al. 1985). In liming
projects when post-liming fertilization did not occur, neutralization of acidic bottom sediments
by residual liming materials has been shown to be the major factor influencing post-liming
total phosphorus concentration because of a pH-induced increase in the avaiiability of
phosphorus from the sediments {Boyd 1973), and/or a pH-induced increase in microbial
activity and nutrient mineralization {(Pamatmat 1960), and/or a release of nutrients from
organic rich sediments because of ion-exchange processes involving Ca** (Neess 1948). Flat
Top Lake was primarily phosphorus limited with acidic sediments of low fertility {mean
pre-treatmeﬁt sediment pH was 5.55 and sediment total phosphorus concentration was 3-8
mg/L, Appendix 11); therefore, only moderate relative increases in total phosphorus
concentrations and phytoplankton levels in the east arm would have been expected if

neutralization of the east arm sediments were achieved with the dose applied.

Because only the eést arm received a sediment dose, the contamination of the west arm
water column with calcite dissolution products did not greatly affect the determination of
phytoplankton biomass responses induced from sediment derived phosphorus. However,
because of thermal stratification patterns, the Wilcoxon Signed Rank Test (P = 0.834, N = 6)
for the sites 3 vs. 6 comparison was the most applicabie test for concluding whether

phytoplankton biomass increased in the east arm because of increased levels of sediment
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derived phosphorus. Because the middle and lower arm sites in the east arm did not show
higher phytoplankton biomass levels relative to the middle and lower west arm sites after
thermal stratification subsided, no significant release of phosphorus from the sediments was

induced by the treatment.

The objectives of the liming operation and the subsequent methodology used, in addition
to site-specific sediment characteristics, determine whether or not phosphorus concentrations
and productivity will increase after liming. Historically, the purposes behind liming lakes
susceptible or damaged by acidic deposition and fish production ponds have differed.
Evidence suggests calcite that reaches acidic sediments is oftentimes reduced in its ability to
provide an additional buffer source because of precipitation of metals and humates that coat
the calcite particles, adsorption onto clay and organic matter particles, and factors related to
the hydrodynamics of calcite dissolution {(Sverdrup 1983; Sverdrup and Warfvinge 1985; Fraser
et al. 1987). Molot et al. (1985) suggested that using small particle sizes, dispersing the caicite
over as large an area as possible, and slurrying to separate particles increased the
cost-effectiveness of a liming operation. Most of the liming operations conducted in southern
and western Sweden have used this approach which is designed to maximize the immediate
dissolution of the caicite and to minimize the amount of undissolved calcite that reaches the
sediments (National Fisheries Board of Sweden 1982). In contrast, liming rates for Southeast
United States fish ponds are calculated based upon the pH of the sediment, the associated
base unsaturation value, and the total exchange acidity of the sediments in order to increase
the effectiveness of a fertilization program (Boyd 1374, 1876; Boyd and Cuenco 1980; Pillai and
Boyd 1985). In general for Alabama ponds, enough limestone to raise the pH of the sediment
to approximately 6.0-6.5 is recommended by this method, and, Boyd and Scarsbrook (1974)
reported significantly higher soluble orthophosphate concentrations in limed ponds when the
limed and unlimed ponds were fertilized at identical rates. Fish production in fertilized ponds
as a result of liming has improved between 25-100% in reported studies {Snow and Jones

1859; Hickling 1862; Arce and Boyd 1975). Limestone is generally applied in dry form to fish
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ponds because a high water column dissolution percentage is not the primary goal for this

type of liming operation.

The treatment methodology for the Flat Top Lake liming operation more closely resembled
liming projects for acidified environments. The primary objective of the Flat Top Lake liming
operation was to increase water column alkalinity in the east arm by 10 mg/L. Neutralization
of the acidic bottom sediments was not an objective; therefore, pre-treatment sediment
sampling to determine the amount of calcite needed to neutralize the sediments was not
conducted. Flat Top Lake mean pre-treatment sediment pH was 5.6 for the west arm sites
sampled and was 5.5 for the east arm sites. Based upon a simplified table of lime
requirements for pond sediments of various pH’s (Boyd 1982), between 3200-4800 Ib/acre of
CaCQ; would be recommended if the texture of the Flat Top Lake sediments {for a sediment
pH of 5.1-6.0) were composed of heavy loam or clays, 1600-3200 ib/acre if sandy loam, and
800-1600 Ib/acre if sand. The acidic, low fertility sediments in Flat Top Lake probably
resembled the sandy loam more closely than the other types which would make the maximum
estimated sediment dose of 864 Ib/acre for the east arm well below what would be
recommended. The post-treatment sediment pH values in the east arm were actually lower
{mean pH = 5.3) than the pre-treatment sediment pH values at the same sites. Therefore,
no fertilization effect due to sediment phosphorus release or increased microbial
decomposition rates could have been expected for Fiat Top Lake. A lime application
two-to-four times the actual dose would have been needed for sediment neutralization and

possible phosphorus release.

Dissolved inorganic carbon

The hypothesized increase in phytoplankton productivity and biomass in the east arm due

to an increased supply of photosynthetically available carbon from calcite dissolution
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assumed that Flat Top Lake phytoplankton productivity would be carbon limited. It will be
shown that phytoplankton photosynthesis in Flat Top Lake did not achieve high enough rates
to deplete the available supply of carbon in the unlimed arm because of limitation by other
factors which were previously discussed {e.g., primarily phosphorus concentration, and to

some extent non-algal turbidity, zooplankton grazing, and macrophyte abundance).

Carbon dioxide (CQO;) and bicarbonate (HCQO,~) are the forms of carbon utilized by
phytoplankton during photosynthesis (Ruttner 1963; Hutchinson 1967). There are two routes
by which phytoplankton can obtain carbon from HCO,~ (Ruttner 1963; King 1970):

1. the dissociation of HCO;~ to give CO,,

2. direct uptake of HCO,~ by the phytoplankton where CO, is then extracted.

However, direct uptake of HCO;- is important only at very low CO, concentrations (less than
0.2 umol/L), indicated by a pH of 8.6 or higher {(Lund 1870; Arce and Boyd 1975, Reynoids 1984).
The maximum post-treatment pH of Flat Top Lake was 7.44 (site 5 on 24 July 1987); therefore,
direct utilization of HCO,;~ was not necessary for Flat Top Lake phytoplankion. Although
higher rates of primary productivity and phytoplankton biomass have been achieved when
HCO,~ concentrations were increased by liming Southeastern United States fish ponds,
nutrient concentrations were also increased which promoted CO, depletion (Thomaston and

Zeller 1961; Arce and Boyd 1975; Boyd 1979); this did not occur in Flat Top Lake.

Carbon dioxide limitation has also been demonstrated in water bodies that have had
sufficient nutrients to allow photosynthetic uptake of CO, at rates higher than can be
re-supplied by atmospheric diffusion, respiration, and dissociation of HCO,~ (King 1870;
Reynolds 1984). Highly eutrophic water bodies (Schindler and Fee 1973; Burris et al. 1981;
Cohen et al. 1982) and low alkalinity lakes and ponds with relatively high nutrient

concentrations {Schindler and Fee 1973) are most likely to demonstrate this effect. Flat Top
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Lake total phosphorus concentrations estimated by IS&T (e.g., 5-7 ug/L, Appendix 10) was
slightly below the levels King and Garling (1986} estimated to cause a significant
photosynthetic reduction of CO, concentration. Based upon the difference between observed
total phosphorus concentrations and those needed to increase productivity to the point where
CO; concentrations declined substantially, it is conceivable that a calcite dose large enough
to neutralize the east arm sediments could have increased phosphorus fevels enough to make

the east arm of Flat Top Lake demonstrate CO; limitation.

Study design flaws and the effect of calcite diffusion

Based upon the hypothesis of increased phytoplankton productivity and biomass in the
east arm after liming because of increased levels of dissolved inorganic carbon (i.e., a larger
potential supply of CO, from dissociation and extractiom), the study design erroneously
assumed that pre-treatment nutrient levels in Fiat Top Lake were high enough to allow
phytoplankton photosynthetic depletion of CO,, which would have given the limed arm a
post-treatment advantage (assuming no diffusion of calcite dissolution products). Given this,
the diffusion and contamination of the west arm with calcite dissollition products had little
effect on the resuits of the study. If a larger calcite dosage were applied to the east arm and
a significant increase in east arm total phosphorus concentration was obtained, the design
would have still been flawed with respect to the hypothesis of increased levels of dissclved
inorganic carbon enhancing phytoplankton gross productivity because nutrient conditions
would not have been similar between the two arms. Because of the low pre-tréatment nutrient
conditions and adequate supply of available carbon in Flat Top Lake, the only justifiable test
between the limed and unlimed arms would have been increased phytoplankton productivity
and biomass based on an increase in sediment derived total phosphorus concentration in the
east arm. A higher sediment dose, more extensive pre- and post-treatment sediment and

reliable total phosphorus sampling, more intensive post-treatment phytoplankton biomass and
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productivity sampling at the unstratified sites and at the stratified sites after fall and spring
overturns would be recommended. The best design with respect to the dissolved inorganic
carbon hypothesis would have been to treat the east arm with enough calcite to maximize
total alkalinity without neutralizing the east arm sediments and allowing phosphorus release,
somehow restrict calcite diffusion into the west arm {probably impossible given Flat Top
Lake’s hydrological and recreational characteristics) or at least intensify post-treatment
sampling in the west arm areas farthest away from the east arm, and apply fertilizer at

identical rates between the east and west arm.

Immediate post-treatment effects on phytoplankton

Phytoplankton biomass and productivity has been shown to decrease immediately after
liming in many studies for a variety of reported reasons (Scheider et al. 1975; Wilcox and
DeCosta 1984; Brettum and Hindar 1985). Bukaveckas (1988, 1989) reported a 50% reduction
in chiorophyll a concentrations and very low primary productivity rates (as measured by the
C" technique, Vollenweider 1969) after liming two acidic (pH < 5.5) Adirondack mountain
lakes. The decline was attributed to CO, limitation because calcite dissolution, utilizing CO,
in the reaction {(equation 2, page 101), exceeded the rate of CO, diffusion from the atmosphere.
The pre-treatment phytoplankton community in these lakes were replaced by a post-treatment
community that was more efficient at extracting CO, from HCO,;-. Flat Top Lake chiorophyll
a concentration declined 27% in the east arm between the last pre-treatment sample (10 July
1987) and the first post-treatment sample (20 July 1987); however, the post-treatment increase
in pH of only 0.3 units one week after the treatment in the east arm, indicating very little CO,
utilization during dissolution, and equivalent reductions in chlorophyll a concentrations in the
west arm immediately after the treatment, suggests non-liming related factors caused the

decline.
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Phosphorus precipitation in association with metals, primarily aluminum (ALPO,) but also
iron hydroxide, has also caused declines in phytoplankton productivity and biomass
immediately after liming (Dickson 1978; Hasselrot and Hultberg 1984; Broberg 1984).
Dissolved aluminum levels, measured by IS&T {Appendix 10), were considerably lower in Flat
Top Lake (ranged from 1-13 ug/L) than in more acidic lakes which often have aluminum
concentrations as high as 700 ug/L or more (Hasselrot and Hultberg 1984). Flat Top Lake
aluminum concentration, however, did show a reduction in the post-treatment sample (2
ug/L, 19 August 1987) in the limed arm relative to the pre-treatment sample (13 ug/L, 31 March
1987) with a concurrent relative increase in aluminum concentration in the unlimed arm in the
post-treatment sample (4 pg/L, pre-treatment vs. 6 ugl, post-treatment). It is conceivable that
a small amount of phosphorus may have been lost due to abiotic precipitation in the east arm,
but evidently not enough to significantly reduce phytoplankion biomass in the east arm
relative to the west arm. Broberg (1984) reported that at a pH of 7.2 (within the range of pH
values at Flat Top Lake), phosphorus removal is mainly attributed to aluminum-phosphorus
precipitates. The site-specific post-treatment chlorophyll a comparison between sites 1 vs. 4
(P = 0.295, N = 6) would have been the most valid test since thermocline formation during
four of the six post-treatment samples would have made precipitated phoéphorus unavailable

until possibly at fall turnover.

Phytoplankton composition

Acid-tolerant phytoplankton species that can survive under characteristically low nutrient
conditions (e.g.,A Gymnodinium spp. and Peridinium spp., Dinophyceans) are usually replaced
by Chrysophytes, diatoms, and Chlorophytes after neutralization of acidic lakes (Fraser et al.
1885); however, in category 4 lakes (i.e., fish present and reproducing, slightly acidic waters,
Fraser et al. 1985), the dominant genera prior to liming are usually the dominant genera after

liming (Yan and Dillon 1984; Blouin et al. 1984). Based on only two post-treatment samples,
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there were no strong indications of significant changes in the dominant net phytoplankton
(larger than 80 um) or nannoplankton genera {less than 80 um, however, most genera were
less than 10-15 um) for the east arm relative to the west arm; however, when alkalinity was
relatively higher in the east arm (21 July 1987), several nannoplankton genera were more
abundant in the east arm and on the 3 September 1987 sample, the blue-green Anabaena spp.
was more abundant in the west arm. The only detected liming related difference {within 1
month after the treatment) between the east and west arms that could possibly have caused
a change in the east arm phytoplankton community was the east arm received the physical
treatment and a relatively faster increase in alkalinity. The total and relative concentrations
of the DIC forms (e.g., CO,, HCO,~, and carbonate CQ,;*-) has been shown to significantly
influence phytoplankton species composition; however, only at pH values lower (pH < 6.0)
and higher (pH > 7.5-8.0) than those measured for Flat Top Lake (King 1970; King and Garling
1986; Williams and Turpin 1987; Bukaveckas 1988, 1989). A much larger relative difference in
post-treatment pH values between the east and west arms would have been necessary to
consider observed differences in phytoplankton species composition between the east and

west arms as something other than sampling variability or related to non-liming factors.

Transparency

The effects of liming on water transparency has shown variabie responses (Fraser et. al 1985).
In Flat Top Lake, transparency increased in the limed arm relative to the unlimed arm (P =
0.036, N = 6). For liming projects in unfertilized, non-dystrophic systems, decreases in
transparency have been attributed to increases in nannoplankton (Hultberg and Andersson
1982), a decrease in humus precipitation {Dickson 1980; Hultberg and Andersson 1982;
Hornstrom and Ekstrom 1385), and release of organic materials from the sediments (Dickson
1980; Hasselrot et al. 1984). Increases in transparency have been attributed to precipitation

of dissolved organic carbon {DOC, Driscoll et al. 1982, Fraser et al. 1985). Although Marcus
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{1988) reported that DOC tended to be greater in the post-treatment samples relative to the
pre-treatment samples for lakes in the LLI program, Flat Top Lake showed a decline in DOC
for both the east and west arms in the post-treatment sample relative to the pre-treatment
sample (Appendix 10). The east arm had a higher post-treatment DOC concentration relative
to the west arm (2.14 mg/L, east vs. 1.99 mg/L, west); therefore, liming induced precipitation
of DOC is not a viable hypothesis explaining why post-treatment transparency was higher in

the east arm.

The significant increase in post-treatment transparency in the east arm relative to the west
arm mainly occurred in sites 4 and 5 rather than 1 and 2. Based upon Secchi disk
transparency and chlorophyil a - Secchi disk products, the most “"parsimonious” explanation
is that non-aigal turbidity increased in the wést arm due to watershed input of sediments.
Secchi disk transparency was higher at site 2 vs. site 5 for all six post-treatment samples and
site 1 was higher than site 4 in only four of six sampies, possibly because of some
sedimentation prior to site 1. The mean post-treatment chlorophyll a - Secchi disk products
were lower at site 2 (9.46) vs. site 5 (10.52) and at site 1 (9.59) vs. site 4 (10.02) indicating

relatively higher non-algal turbidity at sites 1 and 2.

Zooplankton response

In general, significant post-liming zooplankion responses have only been reported in
category 3 and lower category lakes {Fraser et al. 1985). increases in abundance have been
attributed to a more favorable pH, a decrease in metal toxicity (Hasselrot et al. 1984}, and an
increase in the food supply (e.g., phytoplankton, detritus, and bacteria, Eriksson et al. 1983).
Decreases in abundance have been attributed to rapid increases in pH and reduced
phytoplankton abundances immediately after liming (Yan and Dillon 1984; Schaffner 1988) and

increased fish predation (Henrikson et al. 1984; Yan 1985). Fraser et al. (1985) reported very
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little quantitative information was available on zooplankton responses after liming category 4
lakes and that the responses are not expected to be significant because very littie biological
damage had occurred before the treatment. Yan and Dillon {1984) reported that liming had
no immediate or long term effects on zooplankion at Nelson Lake, Ontario (a category 4 lake).
Zooplankton have responded with increased biomass after liming in situations where primary
productivity has increased because of increased nutrient levels, either from natural sources

or fertilizers (Fraser and Britt 1982; Yan and Dillon 1981).

In Flat Top Lake, the post-treatment zooplankion biomass response was considered to be
primarily dependent on the phytoplankton response. Because the prior analysis for
phytoplankton biomass, productivity, and species composition did not detect any significant
responses after the treatment that would have caused a zooplankton biomass or species
composition change between the arms, the relative post-treatment increase in total
zooplankion and cladoceran biomass (e.g., Daphnia spp.) and the relative east arm decrease

in rotifer abundance cannot be attributed to iiming related factors.

Response in young-of-the-year bluegill growth

Significant improvements in reproduction, survival, and growth of fish populations have
resulted after liming category 3 and lower category lakes {(Nyberg 1984; Fraser et al. 1985).
Direct improvements in water quality conditions {e.g., increase in pH, decrease in aluminum
concentrations) and increases in Ca®* concentrations, which decreases the permeability of
gill tissue to dissolved metal uptake (Hunn 1985), are primary factors reported in restoring fish
populations in limed lakes. Category 4 lakes generally have not shown significant
improvements in fish populations after liming (Nyberg 1984); however, re-introduced species
(Keller et al. 1980; Yan and Dillon 1984) and remnant populations (Kelso and Gunn 1982;

Eriksson et al. 1983; Nyberg 1984) have responded favorably with increases in recruitment
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because of a reduction in mortality in the sensitive early life history stages. Increased growth
rates generally have not been recorded after liming acidic lakes except in cases where
fertilization has increased primary production (Eriksson et al. 1983; Fraser et al. 1885). The
increase in fish growth from limed ponds in Southeast United States, Asia, and Europe was

previously documented.

The original design was to collect larval bluegill from the upper pelagic zone at night and
test for differences in average daily growth rates between the east and west arms for the
pre-treatment and post-treatment periods separately. Larval bluegill were relatively abundant
during the pelagic samples during the month of June; however, they became ve;ry difficult to
catch in the post-treatment pelagic samples. YOY biuegill were abundant and relatively easy
to capture in the littoral areas; therefore, after contamination of the west arm from calcite
diffusion, the design was subsequently modified to use bluegill from the littoral areas that
were present as pelagic larvae during t"he period of higher alkalinity in the east arm relative
to the west arm (13 July through mid-August). Werner (1967, 1969) and Faber (1967)
demonstrated that YOY bluegill migrate from the littoral zone to the pelagic zone and back to
the littoral zone. This return to the littoral zone occcurred when the bluegill were between
15-20 mm total length (TL) in a Wisconsin study (Beard 1982) and between 22-25 mm (TL) in
Crane Lake, Indiana (Werner 1969). The majority of the bluegiil selected in this study were
less than 20 mm (TL), which indicates they may have spent a majority of their lives in the
pelagic zone; therefore, their estimated daily average growth rates may have been
significantly influenced by the conditions in the pelagic zones of the east and west arms.
Bluegill less than 20 mm {TL) prefer cladocerans and copepods less than 0.5 mm and rotifers
are an important food source when bluegill are less than 10 mm (TL, Beard 1982). The west
arm bluegills between 15 - 20 d old showed significantly higher daily growth rates than
comparably aged east arm bluegills (P = 0.012; east, N = 10 and west, N = 8). Under the
assumption that these fish had migrated to the littoral from the pelagic zone no more than a

few days prior to capture, it appears that conditions for growth in the unlimed arm were
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superior to the limed arm. An increase in food availability and/or quality would be the most
likely hypothesis. Mean numbers of Daphnia spp. (5.3/L, west and 3.8/L, east), Bosmina spp.
(6.5/L, west and 1.2/L east), and sub-adult copepod (20.6/L, west and 14.0/L, east) was
relatively higher for the west arm pelagic sites (i.e., lower and middle arm) for the combined
21 July and 7 August 1987 samples. The very small sample size, however, is a severe

limitation in making definite conclusions.
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Management implications

The most significant management implication that was realized from the results of this
study was that caicite addition to a moderately productive, circumneutral yet acid-sensitive,
warmwater reservoir had no detectable negative impacts on the biological components at
three trophic levels (phytoplankton, zooplankton, zooplanktivorous fish). The low calcite
dissolution percentage that can be expected for circumneutral surface waters translates into
a high percentage of the added calcite reaching the sediments. In Flat Top Lake, it appears
that this sediment dose made a significant contribution in maintaining target post-treatment
total alkalinity values. If future monitoring of Flat Top Lake suggests possible acidification (pH
near 6.0 } and/or low total alkalinity values (0-5 mg/L), most likely in the spring, this study will
be valuable to the Fiat Top Lake Owner’s Association in conducting their own liming
application with confidence. For any future liming projects on Fiat Top Lake, a larger calcite
dose (e.g., a lakewide application of two to three times the dosage used for this project) would
provide a relatively longer lasting buffer source and may provide a relatively more
cost-effective treatment. However, a more immediate concern to the Flat Top Lake Owner’s
Association should be erosion control both along the waterfront property and within the entire
watershed based on observed trends in littoral macrophyte abundance and the possibility of

phytoplankton light limitation from suspended sediments.
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Summary

1. The calcite application dose of 28.8 dry metric tonnes to the east arm (25.5 ha) resulted
in a 44% increase in total alkalinity. Subsequent calcite diffusion into the west arm
resulted in no relative difference in total alkalinity between the east and west arms within

1 month of the treatment.

2. The initial dissolution efficiency for the calcite dose was only 8-10% because of the higher
than expected pH (7.07) at the time of the treatment. The pH increased approximately 0.3

units 1 week after the start of the application.

3. Residual calcite provided an effective buffer source to maintain total alkalinity in the east

arm during calcite diffusion.

4. Phytoplankton biomass and gross productivity did not show a relative increase in the
limed arm in the post-treatment samples. The inability of the calcite dose to neutralize
the east arm sediments and induce a phosphorus release, and phosphorus limited rather
than CO, limited primary productivity were the primary factors an increase in productivity

was not realized in the east arm.

5. Although phytoplankton biomass decreased by 27% within 1 week of the treatment, there
was no decrease in phytoplankton biomass immediately after the treatment from CO,
depletion during calcite diffusion or significant phosphorus-aluminum precipitation

because a similar decrease in biomass was measured in the west arm.

6. Lake transparency was significantly deeper in the east arm relative to the west arm in the

post-treatment samples (P = 0.036, N = 6); however, the increased transparency in the
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east arm could not be attributed to liming induced precipitation of dissolved organic

carbon.

7. Although zooplankton biomass aﬁd composition of the phytoplankton and zooplankton
communities showed some differences between the east and west arms, they could not
be related to the treatment. Phosphorus availability, zooplankion grazing, zooplanktivore
predation, and macrophyte abundance were hypothesized to be significant non-liming

related factors determining the observed seasonal variations.

8. Young-of-the-year biuegill between 15-20 d old showed significantly faster growth in the
west arm relative to the east arm (P = 0.012; east, N = 10 and west, N = 8) possibly
because of a relatively larger abundance of suitable zooplankton at the pelagic west arm

sites (1 and 2).
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Appendix 1. Site-specific and mean arm alkalinity values (SE). Values are the mean of 1 and
3 m samples taken at each site.

West East West  East
Date Sitel Site2  Site 3 Site4 SiteS  Site 6 X X
Pre-Treatment

5/29/87 9.0 9.75 11.0 6.45 9.6 8.75 9.92 8.27
(0.58) (0.94)

6/5/87 7.5 10.5 11.25 9.0 10.0 11.25 9.75 10.08
(1.15) (0.65)

6/29/87 13.08 13.0 12.63 11.98 13.88 12.5 1290 12.79
0.14) (0.57)

7/10/87 11.75 12.38 13.5 12.25 12.13 12.38 12.54 12.25
' 0.51) (©.07)

X 10.33 11.41 12.10 9.92 11.40 11.22 11.28 10.85
(1.27)  ©77)  (0.59) (1.37)  (1.00) (0.87)  (0.52) (0.61)

Post-Treatment

7/20/87 17.88 15.38 15.25 20.28 20.0 25.5 16.17 2192
(0.86) (1.79)

7/24/87 17.5 16.13 16.0 19.25 22.13 25.75 16.54 22.38
(0.48) (1.88)

7/29/87 18.5 18.25 17.13 19.75 19.5 26.75 1796 22.0

0.42) (2.38)

8/10/87 22.25 17.5 18.25 2125 235 23.0 19.33  22.67
(1.47) (0.74)

9/3/87 24.38 25.38 22.5 24.75 23.38 25.13 24.09 24.42
(0.84) (0.53)

10/1/87 26.25 26.0 26.0 26.5 27.0 27.75 26.08 27.08
(0.08) (0.36)

11/18/87 27.0 26.5 24.25 26.75 26.38 26.88 25.92 26.67
_ (0.85) (0.15)
X 21.97 20.73 19.91 22.64 23.16 25.82 20.87 23.88
(1.53) (1.88)  (1.62) (1.23)  (1.09) (0.58)  (0.94) (0.64)

Overall X 17.74 17.34 17.07 18.02 18.89 20.51 17.38 19.14
(2.05) (1.85)  (1.57) (.13)  (1.94) (227)  (1.03) (1.20)
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Appendix 2. Site-specific and mean arm pH values (SE). Values are the mean of ! and

3 m samples taken at each site.

West East West  East
Date Sitel  Site2  Site 3 Site4 SiteS  Site 6 X X
Pre-Treatment

5/29/87 6.69 6.68 6.54 6.83 6.88 6.85 6.64 6.85
(0.05) (0.01)

6/5/87 6.76 6.71 6.60 6.98 6.98 7.00 6.69 6.99
0.05) (0.01)

6/29/87 6.93 6.94 6.99 6.96 7.08 7.30 695 7.11
{0.02) (0.10)

7/10/87 7.05 6.89 7.26 7.07 6.97 7.16 7.07 7.07
(©.11) (0.05)

X 6.86 6.81 6.85 6.96 6.98 7.08 6.84 7.01
(0.08) (0.06) (0.17) (0.05) (0.04) (0.10)  (0.06) (0.04)

Post-Treatment

7/20/87 7.14 7.26 7.30 7.33 7.30 7.55 7.23 7.39
(0.05) (0.08)

7/24/87 7.26 7.18 7.25 7.27 7.44 7.49 7.23 7.40
.03) (0.07)

7/29/87 7.03 7.07 7.20 7.25 71.25 7.18 7.10 7.23
0.05) (0.02)

8/10/87 6.95 7.06 7.15 7.16 7.10 7.08 7.05 7.10
(0.06) (0.03)

9/3/87 7.36 7.37 7.47 7.34 7.35 7.28 7.40 7.32
(0.04) (0.02)

10/1,87 7.16 7.20 7.22 7.13 7.21 7.18 7.19 7.17
(0.02) (0.02)

11/18/87 7.20 71.25 7.25 7.23 7.30 7.18 7.23 7.24
_ (0.02) (0.03)

X 7.16 7.20 7.26 7.24 7.28 7.27 7.21 7.27
(0.05) (0.04)  (0.04) (0.03) (0.04) (0.07) (0.03) (0.03)

Overall X 7.05 7.06 7.11 7.14 7.17 7.20 7.07 7.17
©.06) (0.07)  (0.09) (0.05) (0.05) (0.06) (0.04) (0.03)
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Appendix 3. Depth-specific and mean arm gross productivity (ug O; L-! h-') (SE). Values are

the mean of duplicate light, dark, and initial bottles.

West East West  East
Date Im lYm 2m 2%m 3m Im I%m 2m 2%m 3m X X
Pre-Treatment
5/29/87 50 S0 60 30 40 60 40 40 50 60 50 S0
5.0) (5.0
6/5/87 70 50 50 40 60 70 60 40 SO 60 S50 60
(5.0) (5.0)
6/12/87 28 23 37 28 16 28 26 22 28 9 26 23
(3.4) (3.6)
6/16/87 65 21 47 33 24 59 35 44 26 29 38 39
8.1) (6.0)
6/29/87 41 32 41 39 29 26 45 26 28 45 36 34
2.5 @5
7/10/87 45 S0 40 25 30 87 34 32 27 44 38 39
“4.6) (5.3
X 50 38 46 33 33 50 40 34 35 41 40 40
6.4 5.7 (3.8) 2.7) (6.3) (7.5) 4.8) (3.6) (48 (7.3) (25 (27
Post-Treatment
7/20/87 43 40 28 35 33 35 13 40 48 40 36 35
2.6) (5.9
7/29/87 27 29 20 20 27 36 39 29 14 29 25 29
. (19) @4.3)
8/7/87 48 41 22 27 32 59 35 43 39 30 34 41
@4 49
9/3/87 39 37 22 64 34 38 19 52 43 19 39 34
(6.9) (6.6)
10/1/87 34 42 37 20 34 29 31 k) | 42 10 33 29
3.7 (5.2
11/18/87 54 26 51 56 51 59 44 51 39 69 48 52
—_ 5.5) (5.3)
X 4] 36 30 37 35 43 30 41 38 33 36 37
“4.0) 2.7 49 (7.1 (3.3) (53) 49) 4.0) 4.9 B4 (2.1 @25
Overall X 45 37 38 35 34 46 35 38 36 37 38 38
(3.8) 30) 3.7 39 (3.4 4.5) 3.6) 2.8) 3.3 (5.7) (1.6) (1.8
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Appendix 4. Site-specific and mean arm chlorophyll a values (mg/m®). Values are the mean of

duplicate samples at each site.

West East West  East

Date Sitel Site2  Site 3 Site4 Site 5 Site 6 X X

Pre-Treatment

5/29/87 1.13 1.27 1.37 0.92 0.68 0.85 1.26 0.82
(0.07) (0.07)

6/5/87 3.07 3.40 4.12 3.14 3.85 4.53 3.53 3.84
(0.31) (0.40)

6/12/87 2.65 2.81 3.53 2.69 3.31 4.56 3.00 3.52
0.27) (0.55)

6/16/87 2.59 2.63 2.77 1.94 2.00 3.67 266 2.54
(0.05) (0.57)

6/29/87 1.99 2.58 3.69 1.73 1.81 3.39 2.75 2.31
(0.50) (0.76)

7/10/87 1.44 2.50 3.20 1.60 1.85 3.40 2.38 2.28
(0.51) (0.56)

X 2.15 2.53 3.11 2.00 2.25 3.40 260 255
0.31) (0.28) (0.40) (0.33) ©0.47) (0.55) 0.20) (0.29)

Post-Treatment

7/20/87 1.25 1.95 2.21 1.12 1.71 2.17 1.80 1.67
0.29) (0.30)

7/29/87 1.92 322 3.62 2.30 2.86 3.00 292 272
(0.51) (0.2

8/7/87 2.21 2.78 3.87 2.13 317 4.72 295 3.34
0.49) (0.75)

9/3/87 2.64 4.08 4.16 2.93 2.65 2.61 3.63 2.73
(0.49) (0.10)

10/1/87 3.19 2.73 2.55 2.49 2.98 2.74 2.82 2.74
©.19) (.19

11/18/87 5.75 5.34 542 5.65 5.54 4.50 5.50 5.23
_ (0.13) (0.37)

X 2.83 3.35 3.64 2.77 3.15 3.29 3.27 3.07
(0.64) (0.49) 0.47) (0.63) {0.52) (0.43) (0.30) (0.29)

Overall X 2.49 2.94 3.38 2.39 2.70 3.35 293 2.81
(0.36) 0.30) (0.30) (0.36) (0.36) (0.34) 0.19) (0.21)
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Appendix S. Site-specific and mean arm Secchi disk depth (m) (SE).

West East West  East

Date Site]  Site2  Site 3 Site4 SiteS  Site 6 X X

Pre-Treatment
5/29/87 4.52 3.89 3.35 4.34 452 >3.66 3.92 4.17
0.34) (0.26)
6/5/87 295 2.79 2.67 3.15 3.07 2.57 2.80 2.93
(0.08) (0.18)
6/12/87 3.68 312 295 2.97 2.57 2.01 3.25 2.52
(0.22) (0.28)
6/16/87 345 2.87 2.59 3N 3.00 2.26 2.97 2.99
(0.25) (0.42)
6/29/87 4.91 3.64 2.44 5.44 4,01 2.59 3.66 4.01
, 0.71) (0.82)
7/10/87 4.93 3.38 2.90 4.17 3.56 2.95 3.74 3.56
(0.61) (0.35)
X 4.07 3.28 2.82 3.96 3.46 2.67 3.39 3.36
(0.34) (0.18) 0.13) (0.37) (029 (0249  (0.18) (©21)
Post-Treatment

7/20/87 3.76 3.04 2.76 3.94 3.30 2.74 3.19 3.33
(0.30) (0.35)

7/29/87 4.11 2.72 2.36 4.04 2.97 2.29 3.06 3.10
0.53) (0.51)

8/7/87 3.61 3.33 12 4.79 345 2.81 3.35 3.68
0.14) (0.58)

9/3/87 3.96 2.65 2.54 4.22 4.39 3.28 3.05 3.96
(0.46) (0.35)

10/1/87 2.90 3.20 3.18 320 348 3.66 3.09 345
‘ 0.10) (0.13)

11/18/87 3.00 2.49 2.87 2.82 2.90 2.87 2.79 2.86
— (0.15) (0.02)
X 3.56 291 2.81 3.84 342 2.94 3.09 3.40
(0.20) 0.14) 0.13) 0.29) 0.22) ©.19) 0.12) (0.16)

Overall X 3.82 3.09 2.81 390 3.44 2.81 3.24 3.38
(0.20) (0.12) (0.09) (0.22) 0.17) (.15 0.11) (0.13)
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Appendix 6. Net phytoplankton (#/L). For site estimates (SE) from the duplicate tows and for arm means (SE) from site means.

West Arm East Arm
Site 1 Site 2 Site 3 — Site 4 Site 5 Site 6 —
Date  Group #/L #/L. #/L #/L #/L #/L #/L #/L
6/5/87 Chrysophyta
Dinobryon spp. 919.2 (54.9) 108.8 (44.4) 15.6 (15.6) 3479 (286.9) 957.8 (100.8) 4135 (174.3) 3594 (9.33) 576.8 (191.1)
Synura spp. 23.3 (204) 15.3 (15.3) 15.6 (15.6) 18.1 (2.62) 0.0 (0.0) 0.0 (0.0) 132 (13.2) 44 (4.4)
Uroglenopsis spp. 1.4 (1.4) 0.0 (0.0) 0.0 (0.0) 0.5 (0.47) 15.8 (15.8) 0.0 (0.0) 0.0 (0.0) 5.3 (5.27)
Surirella spp. 0.0 (0.0) 3.8 (3.8) 344 (34.4) 12.7 (10.9) 0.0 (0.0) 0.0 (0.0) 292 (29.2) 9.7 (9.73)
Tabellaria spp. 0.0 (0.0 0.0 (0.0) 17.2 (17.2) 5.7 (5.73) 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 (0.0)
Asterionella spp. 24 (24) 0.0 (0.0) 0.0 {0.0) 0.8 (0.8) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Stauroneis spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) . 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 946.3 (62.3) 1279 (63.6) 82.8 (20.5) 3857 (280.6) 973.6 (116.7) 4132 (174.3) 401.8 (5.45) 596.2 (188.7)
Chlorophyta
Desmidium spp. 0.0 (0.0) 10.7 (10.7) 496.1 (433.7) 168.9 (163.6) 0.0 (0.0) 461.6 (461.6) 0.0 (0.0) 153.9 (153.9)
Staurastrum spp. 73 (1.3 0.0 {0.0) 17.2 17.2) 8.2 (4.98) 0.0 (0.0) 2.8 (2.78) 0.0 (0.0) 0.9 (0.93)
Closterium spp. 0.0 (0.0) 0.0 (0.0 155.0 (155.0) 517 (51.7) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 {0.0)
Spirotaenia spp. 0.0 (0.0 0.0 (0.0 17.2 (17.2) 5.7 (5.73) 0.0 (0.0 0.0 (0.0) 0.0 (0.0 0.0 (0.0
Netrium spp. 0.0 (0.0) 0.0 (0.0 51.7 (51.7) 17.2 (17.2) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Closteridium spp. 0.0 (0.0) 0.0 (0.0) 17.2 (17.2) 5.7 (5.73) 0.0 (0.0) 0.0 (0.0 0.0 {0.0) 0.0 (0.0)
Pediastrum spp. 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 (0.0)
Scenedesmus spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Micrasterias spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Spirogyra spp. 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 {0.0) 0.0 (0.0) 0.0 {(0.0) 0.0 (0.0) 0.0 {0.0)
TOTAL 7.3 (1.27) 10.7 (10.7) 7544 (692.0) 257.5 (248.5) 0.0 (0.0) 464.4 (458.8) 0.0 (0.0) 154.8 (154.8)
Pyrrhophyta
Ceratium spp. 41.8 (1.91) 728 (34.5)  112.5 (43.6) 75.7 {20.5) 32.8 (14.6) 2.8 (2.78) 132 (13.2) 16.3 (8.79)
Cystodinium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 41.8 (1.91) 72.8 (34.5) 112.5 (43.6) 75.7 (20.5) 328 (14.6) 2.8 (2.78) 13.2 (13.2) 16.3 (8.79)
Cyanophyta
Anabaena spp. 107.2 (29.7) 562.3 (219.1) 1603.2 (19.0) 757.6 (442.8) 386.8 (23.4) 2879 (215.7) 584.2 (57.6) 419.6 (87.1)
TOTAL 107.2 (29.7) 5623 (219.1) 16032 (19.0)  757.6 (442.8) 386.8 (23.4) 2879 (215.7) 5842 (57.6) 419.6 (87.1)
TOTAL 1102.6 (55.7)  773.7 (237.5) 25529 (649.9) 1476.4 (546.6) 13932 (107.9) 1168.3 (846.0) 999.2 (51.0) 11869 (114.1)
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Appendix 6, cont. Net phytoplankton (#/L). For site estimates (SE) from the duplicate tows and for arm means (SE) from site means.

West Arm East Arm
Site 1 Site 2 Site 3 —— Site 4 Site 5 Site 6 —
Date Group #/L #/L #/L #IL #/L #/L #/L #iL
6/29/87 Chrysophyta
Dinobryon spp.  1747.6 (236.0) 23659 (215.7) 2815.2 (145.5) 2309.6 (309.5) 1467.6 (759.7) 1689.8 (248.4) 1908.9 (48.7) 1688.8 (127.4)
Synura spp. 67.2 (49.5) 13940 (1306.4) 183.0 (21.2) 548.1 (424.3) 388.3 (353.6) 29.8 (29.8) 66.3 (1.41) 161.5 (113.9)
Uroglenopsis spp. 0.0 (0.0) 25.0 (25.0) 0.0 (0.0) 8.3 (8.33) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Surirella spp. 0.0 (0.0) 0.0 (0.0) 15.2 (15.2) 5.1 (5.10) 4.3 (4.33) 3.7 (3.73) 66.2 (1.43) 24.7 (20.7)
Tabellaria spp. 9.7 {0.88) 0.0 (0.0) 15.2 (15.2) 8.3 (444) 7.7 (0.93) 14.0 {8.33) 428 (9.03) 21.5 (10.8)
Asterionella spp. 0.0 (0.0) 0.0 (0.0) 5.1 (5.1) 1.7 (1.70) 0.0 (0.0) 0.0 (0.0) 0.0 {(0.0) 0.0 (0.0)
Stauroneis spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 1824.5 (286.4) 3784.9 (1115.8) 3033.7 (131.4) 2881.0 (571.0) 18679 (411.4) 17373 (290.3) 20842 (55.0) 1896.5 (101.2)
Chlorophyta
Desmidium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 40.8 (40.8) 0.0 (0.0) 1663.7 (1650.8) 568.2 (547.9)
Staurastrum spp. 23.9 (2.68) 30.2 (13.6) 269 (16.8) 27.0 (1.82) 28.5 (14.8) 24.6 (9.69) 46.8 (20.9) 33.3 (6.84)
Closterium spp. 0.0 (0.0) 0.0 (0.0) 7.3 (7.3) 24 (243) 0.0 (0.0) 9.5 (2.0) 6.5 (6.48) 5.3 (2.80)
Spirotaenia spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Netrium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Closteridium spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0)
Pediastrum spp. 9.7 (0.88) 0.0 (0.0) 0.0 (0.0) 3.2 (3.23) 7.7 (0.93) 0.0 (0.0) 0.0 (0.0) 2.6 (2.57)
Scenedesmus spp. 0.0 {0.0) 0.0 (0.0) 5.1 (5.1) 1.7 (1.70) 0.0 (0.0) 3.7 (3.73) 0.0 (0.0) 1.2 (1.23)
Micrasterias spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {(0.0) 0.0 (0.0) 0.0 (0.0) 16.9 (16.9) 5.6 (5.63)
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 6.5 (6.48) 2.2 (2a7)
Spirogyra spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 33.6 (1.80) 30.2 (13.6) 39.3 (19.1) 344 (2.65) 77.0 (25.1) 37.8 (7.98) 17404 (1675.6) 6184 (561.1)
Pyrrhophyta
Ceratium spp. 514.5 (196.2) 1212.6 (12.5) 1288.7 (388.6) 10053 (246.4) 265.9 (54.9) 4889 (100.0) 3754 (64.3) 376.7 (64.4)
Cystodinium spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 514.5 (196.2) 1212.6 (12.5) 1288.7 (388.6) 1005.3 (246.4) 2659 (54.9) 488.9 (100.0) 3754 (64.3) 376.7 (64.4)
Cyanophyta
Anabaena spp. 80.5 (36.3) 33.3 (33.3) 5.1 (5.05) 39.6 (22.0) 86.0 (18.0) 14.3 (14.3) 169 (16.9) 39.1 (23.5)
TOTAL 80.5 (36.3) 33.3 (33.3) 5.1 (5.05) 39.6 (22.0) 86.0 (18.0) 14.3 (14.3) 16.9 (16.9) 39.1 (23.5)
TOTAL 2453.1 (517.1) 5061.0 (1123.0) 4366.8 (534.1) 3960.3 (779.8) 2296.8 (459.2) 2278.3 (368.0) 4216.9 (1701.8) 2930.7 (643.1)
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Appendix 6, cont. Net phytoplankton (#/L). For site estimates (SE) from the duplicate tows and for arm means (SE) from site means.

West Arm East Arm
Site 1 Site 2 Site 3 S Site 4 Site 5 Site 6 —
Date Group #/L #IL #/L #/L #/L #/L #/L #/L
7/21/87 Chrysophyta
Dinobryon spp. 358.2 (56.7) 191.5 (16.2) 197.0 (17.7) 248.9 (54.7) 5149 (170.5)  299.1 (52.3) 241.6 (10.7) 3519 (83.2)
Synura spp. 6.3 (1.20) 0.0 (0.0) 5.8 (5.80) 4.0 (2.02) 6.5 (0.42) 15.9 (15.9) 9.0 (0.57) 10.5 (2.81)
Uroglenopsis spp. 5.1 (5.09) 3.3 (3.25) 3.2 (3.18) 3.9 (0.62) 18.9 {5.09) 7.2 (0.78) 9.0 (0.57) 11.7 (3.64)
Surirella spp. 0.0 (0.0) 0.0 (0.0) 14.8 (8.40) 4.9 (4.93) 0.0 {0.0) 15.9 (15.9) 4.2 (4.20) 6.7 (4.76)
Tabellaria spp. 0.0 (0.0) 33 (3.25) 2.9 (2.90) 2.1 (1.04) 0.0 {0.0) 3.2 (3.20) 9.0 (0.60) 4.1 (2.63)
Asterionella spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 4.8 (4.80) 1.6 (1.60)
Stauroneis spp. 0.0 {(0.0) 0.0 (0.0) 5.8 (5.80) 1.9 (1.93) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 369.6 (60.6) 198.1 (22.7) 229.5 (37.5) 265.7 (52.7) 540.2 (175.2) 3414 (22.8) 277.6 (8.38) 386.4 (79.1)
Chiorophyta
Desmidium spp. 3.8 (3.78) 19.5 (13.0) 0.0 (0.0) 7.8 (5.97) 0.0 {0.0) 3.8 (3.80) 9.0 (0.60) 4.3 (2.61)
Staurastrum spp. 1558 (38.9) 204.5 (22.7) 248.7 (18.3) 203.0 (26.8) 228.7 (35.9) 189.0 (10.1) 168.3 (33.7) 195.3 (17.7)
Closterium spp. 0.0 (0.0) 0.0 (0.0) 2.9 (2.90) 1.0 (0.97) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0)
Spirotaenia spp. 0.0 {(0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Netrium spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Closteridium spp. 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Pediastrum spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Scenedesmus spp. 1.9 (1.88) 0.0 (0.0) 0.0 (0.0) 0.6 (0.63) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Micrasterias spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 3.2 (3.20) 4.8 (4.80) 2.7 (1.41)
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Spirogyra spp. 0.0 (0.0) 3.3 (3.25) 0.0 (0.0) 1.1 (1.10) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0)
TOTAL 161.5 (33.3) 227.3 (39.0) 251.6 (21.2) 213.5 (26.9) 228.7 (35.9) 196.2 (10.9) 182.1 (28.3) 202.3 {13.8)
Pyrrhophyta
Ceratium spp. 74.3 (2.60) 61.7 (22.7) 11.6 (11.6) 49.2 (19.1) 83.8 (42.5) 110.1 (1.48) 79.9 (12.6) 91.3 (9.48)
Cystodinium spp. 0.0 {0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0)
TOTAL 74.3 (2.60) 61.7 (22.7) 11.6 (11.6) 49.2 (19.1) 83.8 (42.5) 110.1 (1.48) 79.9 (12.6) 91.3 (9.48)
Cyanophyta
Anabaena spp. 0.0 {(0.0) 0.0 (0.0) 6.4 (6.40) 2.1 (2.13) 0.0 (0.0) 0.0 (0.0) 4.8 (4.80) 1.6 (1.60)
TOTAL 0.0 (0.0) 0.0 (0.0) 6.4 (6.40) 2.1 (2.13) 0.0 (0.0) 0.0 (0.0) 4.8 (4.80) 1.6 (1.60)
TOTAL 605.4 (96.4) 487.1 (6.48) 499.1 (63.9) 530.5 (37.6) 852.7 (253.5) 647.7 (10.5) 544.4 (44.4) 681.6 (90.6)
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Appendix 6, cont. Net phytoplankton (#/L). For site estimates (SE) from the duplicate tows and for arm means (SE) from site means.

West Arm East Arm
Site 1 Site 2 Site 3 — Site 4 Site 5 Site 6 —_—
Date  Group #/L #/L #/L. #/L #/L #/L #/L #/L
9/3/87 Chrysophyta
Dinobryon spp.  579.4 (160.7) 1392.2 (43.6) 1659.3 (602.6) 1210.3 (324.7) 511.8 (98.9)  914.1 (4.52)  581.2 (1.07) 669.0 (124.2)
Synura ‘spp. 65.4 (14.7) 20.7 (12.0) 15.5 (15.6) 339 (15.8) 79.7 (22.1) 19.3 (12.6) 31.0 (14.9) 433 (18.5)
Uroglenopsis spp.  10.2 (2.55) 0.0 (0.0) 0.0 (0.0) 3.4 (3.40) 4.7 (0.07) 6.0 (0.71) 3.8 (3.82) 4.8 (0.64)
Surirella spp. 0.0 (0.0) 2.2 (2.18) 7.8 (7.78) 3.3 (2.32) 0.0 (0.0) 3.3 (3.33) 1.7 (71.65) 3.7 (2.23)
Tabellaria spp. 0.0 {0.0) 0.0 (0.0) 29.8 (22.0) 99 (9.93) 4.7 (0.08) 3.3 (3.32) 4.0 (4.03) 4.0 (0.40)
Asterionella spp. 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 {0.0) 2.3 (2.33) 6.0 (0.68) 3.8 (3.83) 4.0 (1.07)
Stauroneis spp. 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 (0.0)
TOTAL 655.0 (172.8) 1415.1 (534) 17124 (601.3) 1260.8 (314.8) 603.2 (123.1) 952.0 (9.10) 631.5 (19.1) 7289 (111.8)
Chlorophyta
Desmidium spp. 19.3 (15.1) 294 (29.4) 1757 (1524)  74.8 (50.5) 4.6 (4.63) 6.0 (0.68) 19.1 (19.1) 9.9 (4.62)
Staurastrum spp. 2747 (80.1) 5419 (25.9)  589.6 (14.7)"  468.7 (98.0)  301.5 (133.4) 5124 (167.2) 387.6 (41.1) 400.5 (61.2)
Closterium spp. 0.0 (0.0) 5.5 (1.10)  150.2 (57.0) 51.9 (49.2) 0.0 (0.0 6.7 (6.65) 4.0 (4:03) 3.6 (1.95)
Spirotaenia spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Netrium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0)
Closteridium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Pediastrum spp. 0.0 (0.0) 0.0 (0.0) 15.5 (15.5) 5.2 (5.17) 0.0 (0.0) 33 (3.33) 38 (3.83) 2.4 (1.19)
Scenedesmus spp. 0.0 (0.0) 0.0 (0.0) 34.5 (34.5) 11.5 (11.5) 0.0 (0.0) 3.3 (3.33) 0.0 (0.0) 1.1 (1.10)
Micrasterias spp. 5.7 (5.73) 3.3 (3.28) 3.9 (3.88) 4.3 (0.72) 9.3 (9.28) 2.7 (2.65) 4.0 (4.03) 5.3 (2.02)
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Spirogyra spp. 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 (0.0)
Pleurotaenium spp. 0.0 {(0.0) 0.0 {0.0) 674 (36.3) 22.5 (22.5) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 299.7 (100.9) 580.1 (59.6) 1036.8 {2754) 6389 (214.8) 3154 (147.3) 5344 (1559) 418.5 (56.0) 422.8 (63.3)
Pyrrhophyta
Ceratium spp. 7.9 (3.61) 152 (2.12) 3.9 (3.89) 9.0 {3.31) 16.3 (11.5) 10.0 (9.97) 3.8 (3.82) 10.0 (3.61)
Cystodinium spp. 0.0 (0.0) 0.0 {0.0) 173 (17.3) 5.8 (5.77) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0)
TOTAL 7.9 (3.61) 15.2 (2.12) 212 (13.4) 14.8 (3.85) 16.3 (11.5) 10.0 (9.97) 3.8 (3.82) 10.0 (3.61)
Cyanophyta
Anabaena spp. 997.9 (16.8)  1529.6 (402.1) 3069.1 (582.7) 1865.5 (621.0) 260.3 (63.5) 10057 (29.7) 639.8 (156.3) 635.3 (215.2)
TOTAL 997.9 (16.8)  1529.6 (402.1) 3069.1 (582.7) 1865.5 (621.0) 260.3 (63.5) 10057 (29.7)  639.8 (156.3) 6353 (215.2)
TOTAL 1960.5 (294.1) 3540.0 (512.9) 5839.5 (307.4) 3780.0 (1126.2) 11952 (345.5) 2502.1 (184.7) 1693.6 (235.3) 1797.0 (380.8)
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Appendix 7. Nannoplankton (#/cm?). For site estimates (SE) from the duplicate samples snd for arm means (SE) from site means.

West Arm East Arm
Site 1 Site 2 Site 3 _ Site 4 Site § Site 6 _
Date Group #1 #IL #IL HL #/L #L #IL #L
5/29/81 Chrysophyla
Centric diatoms 28250 (75.0) 3765.0 (445.0) 4215.0 (208.0) 3608.3 (414.5) 1369.0 (571.0) 1700.0 {50.0) 9725 (41.5) 1347.2 (210.3)
Pennate distoms 14350 (195.0) 2195.0 (405.0) 29700 (520.0) 2200.0 {443.1) 7615 (119.5) 2420.0 (420.0) 7485 (1905) 1311.0 {554.5)
Dinobryon spp.! 133.0 (133.0) 403.0 (45.0) 181.0 (181.0) 239.0 (83.2) 7765 (331.5) 565.0 (167.0) 490.5 (64.5) 610.7 (85.7)
Dinobryon spp.? 89.7 (0.95) 1343 (44.7) 905 {90.5) 104.8 (14.7) 9205 (1.90) 1823 (92.8) 135.1  (50.0) 1360 (26.5)
TOTAL 4482.7 (138.0) 64973 (B49.7) 74765 (43.5) 6152.2 (881.3) 3003.6 (786.9) 4867.3  (629.8) 2343.6 (123.5) 3404.8 (755.6)
Chlorophyta
Oocystis spp. 0.0 (0.0) 0.0 (0.0) 9%0.1 (0.50) 300 (30.0) 0.0 (0.0} 0.0 (0.0) 0.0 {0.0) 0.0 (0.0)
Tetraedron caudstum 0.0 (0.0) 4.8 (4.8 4.8 (44.8) 29.9 (14.9) 0.0 {0.0) 0.0 (0.0) 8.0 (0.0) 0.0 (0.0)
Tetrsedron funuls 13450 {255.0) 1790.0 (180.0) 23%0.0 (420.0) 1841.7 {302.8) 1175.0 {65.0) 8245 (275.5) 8105 (299.5) 936.7 (119.2)
Selenastrum minutum 115 (171.5) 223.8 (134.3) 680.0 ({680.0) 3604 (160.3) 444 (44.4) 1363 (46.8) 0.0 (0.0) 60.2 (40.1)
Crucigenia spp, 453 (45.3) 4.8 (44.8) 448 (44.8) 450 (0.17) 444 (44.4) 48 (44.8) _B88 (3.70) 593 (147
Chlorosarcina spp. 444 (44.4) 0.0 {(0.0) 0.0 (0.0) 4.8 {(14.8) 46.3 (46.3) 00 (0.0) 0.0 (0.0) 154 (15.4)
Staurastrum spp. 453 {45.3) 0.0 (0.0) 0.0 (0.0) 151 {15.1) 0.0 (0.0) 0.0 (0.0} 463 {46.3) 154 (15.4)
Scenedesmus spp.? 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Gloeocystis spp.* 453.0 (453.0) 0.0 (0.0) 0.0 (0.0) 1510 (151.0) 0.0 {0.0) 2555 (255.35) $95.0 (895.0) 3838 (266.2)
Gemellicysus spp.? 25250 {2525.0) 0.0 (6.0} 0.0 {0.0) 8417 (84).T) 266.0 (266.0) 0.0 (0.0) 0.0 (0.0) 88.7 (88
Treubaris spp. 0.0 {0.0) 0.6 (0.0} 0.0 {0.0) 0.0 (0.0) 636.0 (104.0} 0.0 (0.0) 0.0 (0.0) 2128 {212.0)
Pediastrum spp. 0.0 (0.0) 0.8 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0)
Ankistrodesmus spp. 08 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {(0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Cosmarium spp. 00 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 00 (0.0) 0.0 (0.0 0.0 {0.0) 0.0 {0.0)
TOTAL 46358 (2458.2) 210314 (403.8) 349.7 (1010.9) 3329.6 {732.0) 2122 (262.6) 1261.1  {529.0) 1840.6 (545.6) 17113 (2716.1)
Pyrrhophyts
Dinoflageiiates 1235 (236.5) 124.0 (45.0) 540.5 (2.50) 629.3 (263.4) 636.0 (104.0) 1255.0 (65.0) 1166.0 (704.0) 1019.0 (193.2)
TOTAL 11235 (2365) 2240 (45.0) S40.5 {2.50) 629.3 {263.4) 636.0 (104.0) 1255.0 (65.0) 1166.0 {704.0) 1019.0 (193.2)
Cyanophyta
Anabaens spp. 00 (0.0) 89.6 (89.6) 0.0 (0.0) 299 (39.9) 6.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Dactylococcopsis spp. 4.0 (0.6) £89.5 (B9.5) 0.0 (0.0) 2.8 (29.8) 0.6 (0.0) 4.8 (44.8) 0.0 (0.0) 14.9 (149
TOTAL 0.8 (0.0) 179.1 (179.}) 0.0 (0.0) 59.7 {59.7) 0.0 (0.0) 448 (44.8) 0.0 (0.0) 14.9 (14.9)
TOTAL 10241.7 (2083.8) 9003.8 (1209.0) 11266.7 (969.9) 10170.8  (654.2) 35851.7 (621.5) 7428.2 (11.0) 5350.2 {1373.1) 6210.0 (626.1)

single lorica species
Zmultiple lorica species
3cell count
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A & N
PP 7, comt, D

kton {#/cm?). For site estimates (SE) from the duplicate samples and for arm means {SE) from site means.

West Arm East Arm
Site 1 Site 2 Site 3 _ Site 4 Site § Site 6 —
Date Group #H/L #/L #/L #/L #/L #/L #H/L #/L
1/10/87 Cirysophyta
Centric distoms 2135.0  (205.0 801.0 (469.0) 1190.0 (80.0) 1375.3  (396.1) 851.0 (45.0) 1175.0  (25.0) 2215.0 (435.0) 1413.7 (4111
Pennate diatoms 1115.0 (115.0) 877.0 (213.0) 1470.0 (200.0) 1154.0 (1723} 893.5 (266.5) 11300 {110.0) 1990.0 (120.0) 1337.8  (333.2)
Dinobryon spp.! 650.0 (315.0) 2810.0 (180.0) 3850.0 (500.0) 2436.7 (942.4) 1880.8 (360.0) 2075.0 (775.0) 2585.0 (805.0) 21800 (210.2)
Dinobryon spp.2 g3.5 (83.85) 136.0 (136.0) 90.5 (90.5) 103.3 (16.5) 145 (44.7) 271.0  (92.0) 915 (91.5) 167.6 (56.1)
TOTAL 39835 (141.5) 4624.0 (638.0) 66005 (529.5) 5069.3 (787.6) 3758.8 (626.2) 4651.0 (952.0) 6881.5 (1451.5) 5099.1 (928.26)
Chiorophyia
Oocyslis spp. 299.0 (36.0) 434.0 (19.0) 781.0 (419.0) 504.7 (143.6) 8065 (89.5) 5535 (1.50) 648.0 (7.0) 669.3 (73.8)
Tetraedron caudatum 217.4 (133.7) 268.0 (185.0) 1368 (44.3) 2074 (38.2) 1343 {44.7) 46.3 {46.3) 2785 (95.5) 153.0 (82.9)
Tetraedron funuls 129.9 (46.2) 215.0 (34.0) 366.0 (4.0) 2310 {69.0) 0.0 {0.0) 925 (92.5) 2328 (141.3) 108.4 (67.7)
Selenastrum minutum K50 (94.0) 1022.0 (388.0) 1875.0  (65.0) 1080.7 (442.6) 492.5 {134.5) 1246.5 (413.5) 1950.0 (300.0) 1229.7 (420.8)
Crucigenia spp. 1455.0 (15.0) 1237.0 (573.0) 1285.0 (105.0) 1325.7 (66.1) 1250.0 (90.0) 1455.0 (25.0) 1295.0 (15.0) 1333.3 (62.2)
Chiorosarcina spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 138.3 (64.7) 46.1 (46.1)
Staurasirum spp. 213 (21.3) 4“4 (444) 0.0 (0.0) 21.9 (12.8) 0.0 (0.0) 8.0 (0.0} 0.0 (0.0) 0.0 (0.0)
Scenedesmus spp.? 0.0 (0.0) NS (3NS5 0.0 (0.0) 1245 (124.5) 0.0 (0.0} 0.8 (0.0} 45.8 (45.8) 15.3 (18.3)
Gloeocystis spp.* 2490.0 (1700.0) 249.0 (249.0) 4115 (411.5) 1050.2 (721.4) 898.5 (181.5) 1435.0 (1435.0) 1245.0 {2.50) 1192.8 (157.))
Gemellicysiis spp.? $10.5.0 (2095.0) 14400.0 (300.0} 15850.0 (2150.0) 11785.0 (3366.1) 6135.0 (315.0) 9265.0 (4935.0) 11850.0 (950.0) 9083.3 (1652.3)
Treubaria spp. 439 (43.9) 415 (41.5) 45.3 (45.3) 436 .(1.11) 143 (44.7) 46.3 (46.3) 186.3 (94.8) 1223 (40.9)
Pediastrum spp. 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {(0.0) 0.0 (0.0) 468 (46.8) 15.6 (15.6)
Ankistrodesmus spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 10085.2 (3498.3) 18240.0 (9.0) 20750.6 (1688.0) 16358.6 (3219.3) 9851.1 (899.9) 14140.1 (2928.0) 179165 (555.2) 13969.2 (2329.8)
Pymhophyta
Dinoflageliates 389.0 (138.0) 5130 (151.0) 7320 (8.0) 544.7 (100.3) 403.0 (45.0) 1360.0 (250.0) 1850.0 (70.0) 12043 (424.9)
TOTAL 389.0 (138.0) 130 (151.0) 7320 (8.9) 544.7 (100.3) 403.0 (45.0) 1360.0 (250.0) 1850.0 (70.0) 12043 (424.9)
Cysmophyla
Anabaena spp. 00 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0)
Dactylococcopsis spp. 263.5 {263.5) M3 (211.8) 90.5 (90.5) 2085 (59.0) 988.0 {92.0) 3905 (112.5) 880.0 (130.0) 752.8 (183.8)
TOTAL 263.5 (263.5) 2715 (AM.S) 905 (90.5) 2085 (59.0) 988.0 {92.0) 3905 (112.5) 880.0 (130.0) 752.8 (183.8)
TOTAL 147212 (1234.7) 236485 (149.5) 28173.6 {124).0) 21811 (3952.1) 15009.9 (1663.1) 20547.6  (1613.5) 275280 (306.7) 21025.3 (3624.1)

‘single lorica species
2multiple lorica species
deell count
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Appendix 7, cont. Nannoplankion (#/cm*). For site estimates (SE) from the duplicate samples and for arm means (SE) from site means.

West Arm East Arm
Site } Site 2 Site 3 _— Site 4 Site § Site 6 —
Date Group #/L #/L #/L #/L #/L #/L #L #/L
21/87 Chrysophyta
Centric diatoms 1240.0 (100.0) 5020 (0.0) 2515.0 (335.0) 1419.0 (588.0) 5315 (138.8) 12)5.0 (125.0) 1369.0 (391.0) 1038.5 (257.4)
Pennate diatoms 299.0 (36.0) 628.0 {42.0) 1675.0 (1005.0) 867.3 (414.9) 612.0 (141.0) 9615 (208.5) 34356 (175.0) 1336.2 (558.6)
Dinobryon spp.! 10365 (283.5) 4605 {41.5) 460.5 (41.5) 7.8 (52.2) 1095.5 (74.5) 1420.0 (250.0) 1450.0 (60.0) 1321.8 (113.5)
Dinobryon spp.? 1734 (89.7) 0.0 (0.0) 419 (41.9) e (52.2) 0.0 (0.0) 0.0 (0.0) 408 (40.8) 13.6 (13.6)
TOTAL 27489 (237.2) 1590.5 (81.5) 46924 (1256.7) 3010.6 (905.0) 22390 (354.0) 35965 (581.5) 5294.8 (235.3) 3710.1 (884.0)
Chlorophyta
Oocystis spp. 85.8 (2.05) 1255 (125.5) 4605 (41.5) 239 (118.8) 0.0 (0.0) 167.0 (0.0) 208.3 (126.8) 125.1 (63.7)
Tetraedron caudatum 88.0 (88.0) 835 (83.5) 1615 {167.5) 113.0 (21.3) 157.0 (157.0) 1255 (125.5) 291.0 (128.0) 191.2  (50.7)
Tetraedron tunula 0.0 (0.0) 1254 (41.7) 209.0 (42.0) 1115 (60.7) 39.3 (39.3) 0.0 (0.0) 403 (40.8) 26.7 (13.4)
Selensstrum minutum 2138 (31.%) $38.0 (252.0) 1255.0 (85.0) 768.8 (302.6) 3665 (52.5) 419.0 (0.0) 6235 (297.5) 469.7 (78.4)
Crucigenis spp. 1734 (89.7) 3750 {125.0) L3768 (125.5) 308.6 (67.6) 164.8 (B6.2) 1254 (41.7) 699.5 {114.5) 329.9 (185.1)
Chilorosarcing spp. 419 (41.9) 3.7 (0.0) 0.0 (0.0) 419 (24.2) 0.8 (0.0) 0.0 (0.0) 41.9 (41.9) 14.0 (14.0)
Staurastrum spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 393 (39.3) 0.0 (0.0) 0.0 (0.0) 131 (13.1)
Scenedesmus spp.? 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Gloeocystis spp. 16845 (1245.5) 251.0 (251.0) 670.0 (670.0) 8685 (425.6) 2475.6 (1135.0) 52458 (4%45.5) 4935.0 (1265.0) A4221.8 (878.1)
Gemellicystis spp.? 335.6 (335.09) 545.0 (545.0) 16755 (754.5) 8518 (416.3) 2§15.0 (1025.0) 3410.0  (310.0) 4975.0 (1705.0) 3500.0 (826.8)
Treubaria spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 185 (78.5) 0.0 (0.0) 0.0 {0.0) 262 (26.2)
Pediastrum spp. 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0)
Ankistrodesmus spp. 0.0 (0.0) 0.0 (0.0) 8.0 (0.0) 0.0 (0.0) 81.2 (2.55) 1258 (125.%) 0.8 (0.0) 68.9 {36.7)
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0 0.0 (0.0 0.0 (0.0 0.0 (0.0) 0.0 {0.0) 0.0 (0.0)
TOTAL 2622.1 (1480.2) 2428.1 (1173.7) 4814.0 (1298.0) 3288.1 (765.0) §516.6 (2332.9) 9626.9 {4271.2) 11815.0 (1.10) 89%6.2 (1846.2)
Pyrrhophyts
Dinofiageliates 4624 (374.5) 6275 (125.5) 795.0 (42.0) 628.3 (96.0) 44785 (54.5) 4185 (81.5) 1068.0 (482.0) 6447 (211.8)
TOTAL 4624 (374.6) 6275 (125.5) 795.0 (42.0) 628.3 (96.0) 4475 (54.5) 418.5 (83.S) 1068.0 (482.0) 644.7 (211.8)
a
Anabaena spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 8.0 (0.0)
Dactylococcopsis spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 {(0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
TOTAL 58334 (1617.6) 4646.1  {1215.7) 10301.4 (1003.7) 6927.0 (172).7) 8203.1 (1924.9) 13641.9 (4%44.2) 181778 (247.9) 13341.0 (2883.4)

zingle lorica species
2multiple lorica species
dcell count
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Appendix 7, cont. N: plankion {#/cm®). For site estimates (SE) from the duplicate sampies and for arm mesns (SE) from site means.
West Arm East Arm
Site } Site 2 Site 3 - Site 4 Site 5 Site 6 .
Date Group #/L #/L #/L #/L #/L #/L #/L HL
9/3/87 Chrysophyts
Centric diatoms 80.5 (80.5) 6735 (1415) 888.5 (46.5) 5475 (241.6) 178.9 (90.1) 1343 (44.7) 272.0 (0.0} 195.1  (40.6)
Pennate diatoms 0.0 (0.0) 1075.0 (15.0) 1730.0 (230.0) 935.0 (504.3) 1023.6 (127.0) £06.0 (0.0) 17200 (180.0) 1183.0 (275.7)
Dinobryon spp.! 161.0 (41.0) 2335.0 (295.0) 24350 (135.0) 1643.7 {741.9) 1740.0 (140.0) 1700.0 (90.0) 21750 {455.0) 18717 (152.))
Dinobryon spp.? 98.5 (98.5) 3585 (3.50) 2805 (280.5) M58 (71.0) 2223 (132.7) 448 (44.8) 453 (45.3) 104.1  (59.1)
TOTAL 340.0 (i38.0) 4442.0 (455.0) 5334.0 (649.0) 33720 (1537.7) 3164.2 (29.6) 2685.1  (0.50) 4212.3 (680.3) 3353.9 (450.9)
Chiorophyta
Oocystis spp. 19.7 {19.7) 4025 (40.5) 187.3 (93.8) 203.2 (110.8) 1339 (45.2) 1343 (44.7) 181.3  (90.8) 149.8  (15.7)
Telraedron caudatum 19.8 (19.8) 178.3 (87.7) 46.8 (46.8) 81.6 (49.0) 223.0 (46.0) 89.5 (89.5) amMs (90.5) 194.7 (54.4)
Tetraedron lunula 64.0 (64.0) 4045 (138.5) 561.0 (374.0) 432 (146.7) 26715 (90.5) 448 (44.8) 453 (45.3) 119.2 (74.2)
Selenastrum minutum 41.0 (41.0) 14828 (507.5) 1920.0 (330.0) 1147.8 (367.6) 3560 (87.0) 448.0 (179.0) 588.5 (135.5) 454.2 (67.6)
Crucigenia spp. 60.5 (60.5) 6720 (38.0) 561.0 (374,0) 431.3 (188.1) 4455 {2.50) 1343 (44.7) 9715 (428.5) 5171 (244.3)
Chiorosarcina spp. 0.0 (0.0) 0.0 (D.0) 0.0 (0.0) 0.0 (0.0 0.0 (0.0) 6.0 (0.0) 453 (45.3) 15.1 (15.1)
Staurastrum spp. 21.3 (21.3) 4.4 (44.4) 0.0 {0.0) 219 {(12.8) 88.5 (88.5) 4.8 (44.8) 0.0 (0.0) 4.4 (25.5)
Scenedesmus spp.? 630.0 (630.0) 8.5 (B8.5) 46.8 (46.8) 255.1 {181.8) 1065.0 {1065.0) 0.0 (0.0) . 9.5 (90.5) 385.2 (340.9)
Gioeocysts spp.? 4035.0 (1885.0) 3170.0 (3170.0) 11250 {1125.0) 2776.7 {862.8) 0.0 (0.0) 1074.0 (716.0) 905 (905 388.2 (341.9)
Gemellicystis spp.? 2085.0 (2085.0 9335.0 (9315.0) 5005.0 (325.0) 5475.0 (2106.0) 4905.0  (205.0) 50150 (1165.0) 6725.0 (4275.0) 5548.3 (589.2)
Treubaria spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Pediastrum spp. 0.0 (0.0) 0.0 (0.0) 8.0 (0.0) 0.0 (0.0 0.0 (0.0) 0.0 (0.0 0.6 (0.0) 0.0 (0.0)
Ankistrodesmus spp. 0.0 (0.0 44 (444) 0.0 (0.0) 148 (14.8) 8835 (88.5) 179.6  ({179.0) 0.0 (0.0) 892 (51.1)
Cosmarium spp. 170.0 {170.0) 0.6 (0.0) 0.0 (0.0) 56.7 (56.7) 0.0 (0.0) 0.0 (0.0 8.0 (0.0) 0.0 (0.0)
TOTAL 7146.3  (3696.7) 15822.1 (5862.4) 94534 (1494.3) 10807.3 {2594.4) 7572.9 (939.9) 7298.0 (491.8) 9009.4  {4749.3) 7960.1  (530.6)
Pyrrhophyts
Dinoflagelistes 359.5 (11.5) 1124.5 (415.5) 1545.0 (45.0) 1009.7 (347.0) 1023.0 (37.0) 761.5 (134.5) 9525 (131.5) 9123 (18.1)
TOTAL 359.5 (11.5) 11243 (415.5) 15450 (45.0) 1009.7 (341.0) 1623.0 (37.0) 7615 (134.5) 9525 (131.5) 9123 (78.1)
Cysmophyta
Anabaena spp. 126.0 (126.0) 3138 (41.5) 608.0 (47.0) 349.2 (140.3) 2684 (179.7) 895 (89.5) 27115 (90.5) 2098 (60.2)
Dactylococcopsis spp. 0.0 (0.0) 3120 (131.0) 2805 (93.5) 1975 (99.2) 1345 (13435) 179.0 (179.0) 136.0 {136.0) 1498 (14.6)
TOTAL 126.0 (126.0) 6255 {172.5) 8885 (140.5) 546.7 (223.6) 402.9 (45.2) 268.0 (90.0) 40715 (455) 3595 (45.8)
TOTAL 7971.8 (39722} 22014.1  (905.5) 172209 (2144.8) 18735.6 (4121.1) 12163.0 (692.3) 10131 (2060.7) 14581.7 (4433.1) 12585.9 (105L.7)

isingle lorica species
Zmultiple lorica species
Jcell count
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Appendix 8. Temp {*C) - dissolved oxygen (ing/L) data by depth.
West Arm East Arm
Site 1 Site 2 Site 3 Site 4 Site § Site 6

Date Depth (m) Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O.

573987 1 23.1 8.37 3.4 $.29 3.7 8.00 3.2 2.63 234 8.63 23.6 8.77
2 s 8.49 23.1 8.28 23.6 8.03 i 8.63 233 8.68 233 8.83
3 20.6 9. 20.6 B.4S 2.8 1.74 04 9.67 19.7 9.82 Fin| 944
4 17.6 10.57 165 9.93 1.7 853 16.5 1119 155 11.03 16.8 12.76
s 123 713 13.0 352 127 8.83 13.5 8.53
6 109 452 10.9 5.77
7 102 2.62 10.2 241

6/6/87 1 2.6 8.01 s 8.02 2.6 7.68 .1 8.4 22 .14 23 8.27
2 222 1.9 24 8.01 24 751 22 8.16 22.1 8.18 23 8.28
3 20 8.14 23 7.98 12 129 21.9 B.1% 2.0 8.22 2.0 8.54
4 176 9.69 18.9 9.56 19.1 841 138 9.96 21.6 8.37
s j4.6 7.12 14.6 453 143 8.60 13.6 657
[ 11.8 4.02 123 5.29
7 10.9 0.94 109 1.78

6/16/87 i 239 730 4.4 7.04 U4 145 .0 7.95 4.2 A 4.6 750
3 234 7.26 3.9 . 4.2 .17 4.0 177 24.2 7.80 24.2 7.42
3 23.1 (&4 233 7.02 235 6.22 28 7.94 235 7.12 33 7.40
4 214 1.26 2.4 6.81 217 5.70 .7 8.08 28 136
s 164 6.42 16.0 4.85 16.7 8.49 15.8 641
[ 13.6 3.84 13.2 5.08
7 118 1.65

6/29/87 1 243 7.05 4.1 6.90 P | 7.02 27 6.94 243 6.70 4.9 6.79
2 4.0 7.02 238 7.04 23.3 7.02 237 7.01 4.3 6.89 4.2 6.70
3 233 7.08 3.3 1.07 2n0 7.02 235 7.10 238 1.06 23.8 7.08
4 3. 7.11 2.3 7.4 233 a2 23.6 7.25
H 17.8 545 19.4 5.15 18.6 6.69 17.2 5.79
6 15.1 3.49 15.2 437
7 129 2.82 13.2 1.99
8 12.2 1.48

1/10/87 1 25.6 7.21 5.7 148 26.1 741 237 7.14 8.7 1.24 26.0 1.26
2 25 7.18 2.6 144 26.0 754 2.7 7.14 25.8 1.16 26.0 7.19
3 25.1 7.26 54 1.47 25.6 7.48 25.6 1.12 25.6 713 4.9 6.93
4 244 6.92 4.3 5.99 9 6.61 244 6.95 2.9 1 24.7 7.03
5 204 4.38 20.6 319 20.9 6.55 213 6.42
6 164 283 16.7 4.06
7 13.6 1.27 13.8 244

7/30/87 s M7 647 25.0 6.49 ns 6.55 249 6.48 4.8 6.45 25.2 6.09
1 4.7 6.43 2.0 6.42 A9 6.50 u.7 £.43 2.8 643 2.0 6.08
2 45 6.37 24.8 6.39 24.8 6.37 2.7 6.43 2.6 6.37 2438 6.18
3 85 6.36 0.7 6.35 248 6.40 24.6 6.44 24.6 635 4.6 547
4 25 6.34 WM.3 5.90 M3 5.56 1S 6.39 4.5 625
s 2.0 4.15 n7 2.68 24 533 231 4.7
6 16.9 1.85 1.7 3.62
7 14.7 150 148 .20
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Appendix 8, cost. Temp {°C) - dissolved oxygen (mg/L) dats by depth.
West Armn East Arm
Site | Site 2 Site 3 Site 4 Site § Site §

Dste Depth (m} Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O. Temp. D.O.

1129/87 s 25.7 6.713 259 6.82 25.9 6.87 254 6.85 284 6.78 25.4 6.46
1 2.7 6.68 258 6.77 2.8 6.85 3.5 6,84 2558 6.77 35 6.44
2 25.7 6.67 58 6.73 25.8 6.84 255 6.82 255 6.76 255 6.43
3 25.7 6.66 25.8 6.68 258 6.81 255 6.82 258 6.72 LR 6.38
4 25.7 6.63 257 6.62 8.7 6.03 2.6 6.82 285 6.71
5 4.0 4.19 234 242 2.3 5.13 23 437
6 18.5 1.5 18.6 33
7 16.5 0.60 15.1 140

81/87 s 26.5 1.02 264 7.04 25.9 707 26.4 7.01 26.1 7.01 26.2 6.69
1 265 7.01 26.3 7.02 26.1 7.03 264 7.08 26.2 1.00 26.2 6.68
2 26.5 6.99 26.2 7.01 26.0 6.91 264 7.00 2.2 7.00 26.1 6.71
3 264 7.00 26.2 6.99 5.9 6.93 6.3 7.00 26.1 6.95 26.0 6.56
4 263 6.96 26.1 6.93 258 1.06 26.2 6.99 25.9 6.67 25.9 6.44
5 24.2 471 29 2.81 s 5.62 4.0 4.09
[3 193 1.30 19.9 1.94
7 15.7 0.4s

9/3/87 s 23.1 17.10 3.2 .34 23.0 1.70 29 6.98 2.7 6.94 23 6.90
1 23.1 7.07 23.2 117 23.0 7.48 29 6.94 2.6 6.94 228 6.82
2 24 6.93 2.6 6.98 24 7.51 25 6.86 2. 6.77 22.3 6.74
3 2.1 6.95 23 1.14 X 171 2.2 6.82 22.0 6.58 22.1 6.63
4 20 6.96 21 7.35 219 1.1 2.1 6.8} 2.0 6.67 20 6.70
5 219 6.93 pik} 126 240 6.60 20 6.67
] 21.8 6.30 218 6.02
7 171 0.12 172 0.12

10/1/87 s 18.2 7.64 18.0 7.88 17.3 8.26 17.8 1.56 175 7.94 17.0 7.94
1 182 7.60 18.0 184 17.5 8.21 18.2 141 17.8 7.9¢ 17.0 7.88
2 18.2 7.70 18.0 7.83 174 8.22 18.1 157 1.7 1.92 17.6 7.84
3 18.1 1.74 18.0 7.89 172 £.30 18.1 1.57 17.7 1.92 16.8 7.94
4 18.1 1.74 17.7 8.03 17.1 8.40 18.0 7.69 175 7.94 16.9 7.89
s 1.9 1.29 174 8.04 17.9 7.13 17.3 7.93
6 17.8 1.80 1.9 .17
7 1.8 116 17.6 1.15

11/18/87 s 8.1 9.94 82 10.07 8.1 10.09 8.0 9.90 8.1 9.93 8.7 9.83
1 8.1 9.92 8.2 10.09 8.1 10.10 8.0 9.88 8.2 9.90 85 9.90
3 8.1 9.96 8.1 10.11 8.1 10.17 8.0 9.86 8.1 9.92 84 9.87
3 8.0 9.95 8.1 10.13 8.1 10.21 8.0 9.84 8.1 9.90 84 9.92
4 8.0 9.97 8.1 10.13 8.4 10.22 8.0 9.85 8.1 9.90 84 9.94
5 8.0 9.99 8.0 10.16 8.0 9.87 8.1 9.91
6 1.9 .97 8.0 9.87
7 1.9 9.85 8.0 9.86
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Appendix 9. Nutrient analysis (analyzed by Agriculture Engineering Laboratory, VPI&SU, in mg/L).

Total
Total Ortho- Kjeldahl Nitrate Ammonia
Date Site/Depth Phosphorus Phosphate Nitrogen Nitrogen Nitrogen
Pre-Treatment
6/12/87 W-im 0.106 0.029 0.720 0.188 0.412
W-4m 0.101 0.025 1.176 0.124 0.370
E-lm 0.064 0.029 1.454 0.172 0.225
E-4m 0.097 0.031 0.720 0.198 0.546
6/29/87 W-im 0.078 0.046 1.883 0.222 0.517
W-4m 0.077 0.037 1.992 0.104 0.410
E-lm 0.087 0.031 0.965 0.218 0.289
E-4m 0.073 0.046 0.985 0.214 0.379
7/10/87 W-1m 0.056 0.029 1.066 0.192 0.361
W-4m 0.080 0.070 1.802 0.200 0.543
E-lm 0.078 0.026 1.829 0.196 0.334
E-4m 0.092 0.022 2.679 0.196 0.381
X W-Im 0.080 (0.014) 0.035 (0.006) 1.223 (0.345) 0.201 (0.011) 0.430 (0.046)
W-4m 0.086 (0.008) 0.044 (0.013) 1.657 (0.247) 0.143 (0.029) 0.441 (0.052)
E-lm 0.076 (0.007) 0.029 (0.001) 1.416 (0.250) 0.195 (0.013) 0.283 (0.032)
E-4m 0.087 (0.007) 0.033 (0.007) 1.461 (0.614) 0.202 (0.006) 0.435 (0.055)
Post-Treatment
7/20/87 W-Im 0.046 0.033 2.232 0.196 0.443
W-4m 0.092 0.039 1.710 0.138 0.336
E-Im 0.092 0.008 4.405 0.196 0.276
E-4m 0.061 0.014 1.512 0.148 0.314
8/7/87 W-im 0.110 0.016 2416 0.134 0.272
W-4m 0.092 0.029 2.345 0.184 0.291
E-lm 0.101 0.037 2.162 0.154 0.338
E-4m 0.097 0.020 1.512 0.168 0.23]
9/3/87 W-im 0.069 0.039 1.015 0.152 0.316
W-4m 0.064 0.040 1.292 0.146 0.314
E-lm 0.073 0.020 1.454 0.132 0.405
E-4m 1.334 0.026 1.066 0.110 0.320
X W-im 0.075 (0.019) 0.029 (0.007) 1.888 (0.440) 0.161 (0.018) 0.344 (0.051)
W-4m 0.083 (0.009) 0.036 (0.004) 1.782 (0.306) 0.156 (0.014) 0.314 (0.013)
E-lm 0.089 (0.008) 0.022 (0.008) 2.674 (0.889) 0.161 {0.019) 0.340 (0.037)
E-4m 0.497 (0.418) 0.020 (0.003) 1.363 (0.149) 0.142(0.017) 0.288 (0.029)
Overall X W-Im 0.078 (0.011) 0.032 (0.004) 1.555 (0.291) 0.181 (0.013) 0.387 (0.036)
W-4m 0.084 (0.005) 0,040 (0.006) 1.720 (0.178) 0.149 (0.015) 0.377 (0.037)
E-lm 0.083 (0.005) 0.025 (0.004) 2.045 (0.500) 0.178 (0.013) 0.31) (0.025)
E-4m 0.297 (0.208) 0.027 (0.005) 1.412(0.283) 0.177 (0.016) 0.362 (0.043)




Appendix 10. Pre- and post-treatment water chemistry for Flat Top Lake conducted by International Science
and Technology (IS&T), Sterling. VA. and site location map.

Pre-Treatment
(31 March 1987)

Post-Treatment
(19 August 1987)

Station 1 Station 2 Station 3 Station 1 Station 2 Station 3

Epilimnion Epilimnion Epilimnion Epilimnion Hypolimnion Epilimnion Epilimnion
Depth (m) 1.5 1.5 1.5 1.5 6.5 1.5 1.5
pH 6.83 6.79 6.85 7.02 6.41 7.19 7.23
ANC (neq/L) 113.6 109.1 117.8 218.5 2418 239.5 233.8
DIC (mg/L) 1.72 1.59 1.65 2.94 5.90 3.08 2.74
DOC (mg/L) 2.38 2.40 2.62 2.14 1.67 2.14 1.99
Cond (uS/cm) 278.0 269.0 275.0 226.0 253.0 231.0 231.0
Ca (mg/L) 6.73 6.56 6.74 7.91 6.72 8.03 7.34
Cd (mg/L) 0.000 0.000 0.001 0.001
Fe (mg/L}) 0.03 0.04 0.03 0.03
Mn (mg/L) 0.00 1.45 0.00 0.00
Zn (mg/L) 0.009 0.010 0.008 0.005 0.008 0.002 0.011
Mg (mg/L) 2.204 2.092 2214 2215
Na (mg/L) 41.35 48.80 39.51 29.918 31.178 30.075 29.603
Al (mg/L) 0.016 0.013 0.004 0.005 0.001 0.002 0.006
Pb (mg/L) 0.002 0.002 0.002 0.002
SO, (mg/L) 5.78 5.37 5.80 5.97
Cl (mg/L) 70.90 67.50 68.90 52.90 65.60 53.60 54.60
TN (mg/L) 0.115 0.104 0.280 0.439 0.291 0.280
TP (mg/L) 0.005 0.005 0.006 0.005 0.004 0.006 0.007
NO, (mg/L) 0.248 0.403 0.283 0.265
Appendices 147



Appendix 11. Selected pre-treatment (6 June 1987) and post-treatment (4 September 1987)
sediment chemistry data for Flat Top Lake with site location map.
Analyzed by the Soil Testing and Plant Analysis Laboratory (VPI&SU).
Site location map included.

pH Ca?* (mg/L) Phosphorus (mg/L)
Station Pre Post Pre Post Pre Post
1 53 55 360 540 7 8
2 55 54 552 420 4 5
3 60 5.5 492 360 4 4
4 55 5.4 300 276 3 3
5 60 54 348 396 3 3
7 5.7 5.4 564 384 3 3
8 55 54 336 384 2 3
9 53 53 396 276 2 3
10 54 5.1 348 228 3 4
11 56 5.3 276 336 3 k}
12 55 55 420 636 3 3
13 52 312 4
14 52 420 4

Appendices 148
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Appendix 13. Average size esti {ug) for cladocerans and copepods for each ple on a site-specific basis.
(SE) of site estimates.
West East West East
Date Site | Site 2 Site 3 Site 4 Site S Site 6 X X
Cladocersns - Daphnia spp.
Pre-Treatment
5/25/87 k% 4.36 541 5.86 354 345 4.35 4.28
(0.61) (0.79)
6/12/87 454 .45 3.38 6.90 533 .07 3.78 S.10
(0.38) a1
§/29/87 12.82 12.68 6.28 10.02 1.7 29 10.59 6.38
- (2.16) (2.09)
X 6.38 6.83 5.01 .59 552 18 6.24 $5.42
{2.99) {2.94} {0.87) {1.25) {1.20} {0.16} (1.27) (0.82)
Post-Treatment
1121/87 9.50 7.36 8.09 13.48 150 5.51 8.32 8.93
{0.63) (2.37)
8/7/87 10.77 .74 2 14.79 178 2.03 1.4 8.19
{2.20) {3.69)
9/3/87 538 34 533 1.62 .96 5.87 4.69 5.82
- (0.68) {1.06)
X 3.54 6.18 536 11.96 5.50 4.47 6.78 7.65
(1.64) (1.41) {1.41) {2.20) (L2 {1.22) {0.87) {1.28)
Overalt X 7.7 6.49 $.29 9.78 6.01 3.81 6.50 6.53
{157 (1.46) {0.75) (1.50) (0.81) {0.63) {0.75) (0.82)
Certodaphaia tpp.
Pre-Treatment
5/25/87 117 228 3153 317 L1 1.35
{0.54) {0.18)
6/12/87 150 22 1.40 252 .09 1.58 1 2.06
{0.26) 0.27)
6/29/87 1.43 2.14 1.46 2.40 1.8 230 1.68 2.17
- {0.23) {0.18}
X 1.47 1.84 1.70 2.82 1.96 2,35 1.70 2.43
(0.04) {0.34) {827 {0.36) {0.14) {0.46) {0.15) {0.23)
Post-Treatment
7/21/87 1.03 1.32 1.62 an 2.09 1.84 1.32 2.03
(0.17 {0.10)
8/7/87 1.32 1.40 1.69 1.56 158 1.83 1.47 1.66
{0.11}) {0.09)
§/3/87 2.07 1.37 1.46 159 1.54 2.24 1.63 1.89
- (0.22) (0.19)
X 1.47 1.36 1.59 i 1.84 1.97 1.48 1.86
(8.31) {0.02) (0.07) (0.20) {0.15) {0.14) {8.10) (0.09)
Overall X 1.47 1.60 1.65 230 158 2.16 1.58 2.13
{0.17) {0.16) {0.13) {0.30) {0.10) {0.23) (0.09) {0.13)
Bosmins spp.
Pre-Treatment
$/25/87 0.64 0.78 1.33 1.2 0.76 0.9% 0.92 0.99
{¢.21) {0.13)
6/12/87 0.70 1.27 0.90 0.73 0.92 0.52 0.96 0.72
©.17) {0.12)
6/29/87 0.38 1.27 0.62 0.79 0.77 0.80 0.92 0.79
- {0.19) (0.01)
X 0.74 LI 0.95 0.91 0.52 0.77 0.93 0.83
{0.07) {0.16) (0.21) (0.15) {0.05) (0.14) {0.10) (0.06)
Post-Treatment
121/87 on 0.64 0.60 0.56 0.49 0.65 0.88 0.57
(0.03) (0.05)
87187 0.52 0.61 6.70 0.41 0.81 0.76 0.61 0.66
{(0.05) {0.13)
9/3/87 0.47 0.52 .61 053 o 0.56 0.63 0.63
- {0.10) {0.05)
X 0.57 0.69 0.64 0.50 0.67 0.69 0.63 0.62
(0.07) {0.07) (0.03) {0.05) ©.on {0.04) {0.03} (0.04)
Ovenll X 4.31 6.76 4.60 453 5.13 455
(2.45) m {1.63) (1.25)
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Appendix 13, cont. A ge size {ug) for clad and copepods for each ple on a site-specific basis.
{SE} for site estimates.
West East West East
Date Site 1 Site 2 Site 3 Site 4 Site Site 6 X X
Cladocerans - Diaphanosoma spp.
Pre-Treatment
$/25/87 12 212
6/12/87 1.04 3.04 122 1.90 1.06 0.96 L7 1.3
{0.64) {0.30)
6/29/87 3as wam 223 2.88 2.08 2.73 245
- {8.29) {0.40)
X 2.18 2.82 1.73 2.38 1.56 1.54 2.25 1.82
(1.11) {8.17) {0.51) (0.48) (0.50) (0.58) {0.38) (0.29)
Post-Treatment
7/21/87 1.03 0.99 141 1.33 5{; 133
(0.13)
8/7/87 0.95 0.91 1.17 1.70 1.30 L13 1.01 1.38
(0.08) 0.17)
9/3/87 1.4 1.09 1.56 1.3 1.24 1.36 1.53
_ (0.18) (0.29)
X 1.14 1.00 1.38 1.70 1.56 1.23 1.17 1.42
{0.15) (0.05) (0.11) 0.26) (0.06) (0.08) ©.11)
Overall X 1.54 1.78 1.52 218 1.56 1.36 1.60 1.62
{0.44) {0.46) {0.19) {0.35) {0.23) (0.20) {0.21) {0.16)
Alous spp.
Pre-Treatment
5/38/87 1.86 493 1.36 6.93
/187 6.76 4.50 107 4676 l%
(1.77)
6/29/87 5.60 5.80
X 431 450 4.53 431 455
{2.45) {.m (2.45) (1.25)
Post-Treatment
121/87 6.76 6.75
8/7/87
9/3/87
X 6.7 6.76
Qverail i 4.31 8.76 4.60 453 5.13 4.55
2.45) 1.7 (1.63) (1.29)
Ch pp.
Pre-Trestment
5/25/87 031 0.44 0.34 0.27 0.27 0.38 0.29
{0.67) {0.02}
6/12/87 .02 0.83 0.27 0.28 0.35 1.43 0.30
{0.60) {0.03)
6/29/87
X 1.17 0.64 0.3t 0.28 0.3t 0.90 0.30
(0.36) {0.20) {0.04) (0.01) (0.04) (0.39) (0.02)
Post-Treatment
1721181
8/7/87
9/3/87
X
Overall X 117 0.64 0.31 0.28 0.31 0.90 0.30
{0.86) {0.20) (0.04) {0.01) {0.04) {0.39} {0.02}
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Appendix 13, cont. Average size estimates {(ug) for cladocerans and copepods for each sample on a site-specific basis.

(SE) for site estimates.

West East West East
Date Site 1 Site 2 Site 3 Site 4 Site $ Site 6 X X
Calanoid Copepods
Pre-Treatment
§/25/87 4.10 6.99 8.2 12 6.88 358 §.44 452
1.2} {8.19)
6/12/87 5.12 8.15 s.21 3.96 445 529 §.16 457
{1.00) (039}
6/29/87 1.79 3.99 415 2.20 4.8 479 3.31 3.9
_ {0.76) (0.85)
X 3.67 6.38 5.36 3.09 534 454 530 4.33
(0.99) (1.24) (1.2 0.S1) .17y {0.52) 0.71) {0.45)
Post-Treatment
72187 3.61 419 317 .72 4.63 3.69 3.63 3.68
0.27) {0.55)
8/7/87 298 5.61 2.58 2.36 349 1.62 imn 2.66
{0.95) {0.55)
9/3/37 409 241 298 1.95 3.12 4.18 316 3.07
_ {0.49) {0.64)
X 3.56 4.04 2.91 251 3.8 318 3.50 314
{0.32) 0.92) ©.17) (0.28) {0.45) {0.78) (0.33) (0.33)
Ovenall X 3.62 $.21 439 2.80 454 338 4.40 37
{0.46) {0.87) {0.86) (0.29) (0.54) (0.52) (0.44) 0.31)
Cyclopoid Copepods
Pre-Treatment
8/25/81 2.02 238 5.96 291 6.10 3.83 kX3 428
{1.23) {0.95)
6/12/87 11.48 7.58 4.48 2.60 6.30 580 1.85 5.07
{2.03) 1.2m
6/29/87 5.03 10.42 6.12 s 7.30 213 7.19 4.88
- {1.65) (1.50)
X 6.18 6.85 5.52 358 6.73 3.92 6.18 4.74
.79 (2.30) {0.52) {0.83) (0.35) (1.06) (1.07) {0.64)
Post-Treatment
7/21/87 654 543 0.66 8.12 533 241 4.21 5.29
(1.80) {1.65)
8/7/87 1.89 559 1.28 7.79 1.87 1.23 4.98 3.63
(1.96) (2.09)
9/3/87 1.46 2.05 0.62 3.40 1.84 1.96 2.04 2.40
- (0.82) {0.50)
X 5.99 4.36 0.85 6.44 3.01 1.87 3.73 3.77
(1.33) (1.15) 021) (1.52) (1.16) (0.34) {0.92) {0.39)
Ovenall X 6.09 5.60 319 5.0 4.37 2.89 4. 4.26
{1.38) (1.28) (1.07) (1.00) {0.9%) {0.68) {0.75) (0.54)
Sub-Aduit Copepods
Pre-Treatment
5/25/87 0.21 0.16 0.15 0.17 0.23 .19 0.17 0.20
{0.02) (0.02)
6/12/87 0.11 8.12 0.1 0.16 0.10 6.14 0.1 0.13
{0.063) (8.02)
6/29/87 0.1§ 0.12 6.10 0.14 0.2 0.11 0.12 0.12
- {0.01) 0.81)
X 0.16 0.3 0.12 0.16 0.15 0.15 0.14 0.15
0.03) (0.61) (0.02) (0.01) (0.04) {0.02) (0.01) {0.01)
Post-Treatment
7/21/87 0.11 0.07 0.08 611 0.06 0.06 0.09 0.08
(0.01) (0.02)
8/7/87 0.11 0.10 0.11 .11 0.12 0.11 0.11 .11
(0.003} (0.01)
5/3/87 0.09 0.10 0.18 6.12 0.09 011 0.10 0.11
- {0.003) {0.003)
X 0.10 0.09 0.10 0.11 0.09 0.09 0.10 0.10
{6.01) (0.01) {0.01) (0.003) (0.02) (0.02) (0.008) (0.01)
Ovenil X 0.13 0.11 0.11 0.14 0.12 0.12 0.12 6.13
{0.02) (0.01) (0.01) {0.01) (0.02) (0.02) {0.01) (0.01)
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Appendix 14. Age-and-growth data from bluegill otolith analysis.

Daily Age
Capture Total Past Swim-up Swim-up Growth (mm/day)
ID # Arm-Date Length (mm) (SE) Date after Swim-up
67 E-8/10 13.3 16 (0.00) 7/25 0.46
5 E-8/10 11.7 15 (0.58) 7/26 0.38
20 E-8/10 128 17 (1.20) 724 0.40
38 E-8/10 21.1 34 (0.33) 717 0.44
34 E-8/10 20.5 31 (0.88) 7/10 0.47
37 E-8/11 18.1 30 (0.33) 7/12 0.40
56 E-8/11 20.0 33 (0.88) 7/9 0.42
63 E-8/11 20.3 34 (0.33) 7/8 0.42
24 E-8/11 20.8 33 (0.33) 7/9 0.45
18 E-8/11 184 33 (1.53) 7/9 0.38
49 E-8/11 18.1 34 (0.88) 7.3 0.36
64 E-8/11 20.3 35 (0.00) 7/7 041
10 E-8/1! 15.5 26 (0.33) 7/16 0.36
1S E-8/11 16.1 23 (1.76) 7/19 0.44
25 E-8/11 20.0 33 (0.88) 719 0.42
33 E-8/10 17.3 29 (0.00) 7/12 0.39
7 E-8/10 17.9 34 (0.67) 717 0.35
14 E-8/10 14.1 17 (1.53) 7124 0.48
121 E-7/29 144 21 (0.88) 7/8 0.40
143 E-7/29 14.7 21 (0.67) 7/8 0.41
16 E-7/29 12.0 17 (1.15) 7/12 0.35
96 E-7/29 15.7 22 (0.00) 717 0.44
81 E-7/29 15.5 19 (0.33) 7/10 0.50
93 E-7/29 11.7 17 (0.33) 7/12 0.34
77 E-7/29 11.7 15 (0.58) 7/14 0.38
69 E-7/29 14.7 19 (0.67) 7/10 0.46
94 E-7/29 12.3 20 (0.58) 7/9 0.31
. 68 E-7/29 16.3 21 (1.00) 7/8 0.49
119 W-8/10 15.2 17 (0.00) 7/24 0.54
47 W-8/10 20.0 32 (0.67) 7/9 0.44
115 w-8/10 19.7 34 (1.20) 17 0.40
22 W-8/10 16.8 30 (0.33) 7/11 0.36
71 W-8/10 16.9 27 (0.67) 7/14 0.40
40 W-8/10 17.7 30 (0.33) 7/11 0.39
13 W-8/10 14.9 17 (0.58) 7724 0.53
19 W-8/10 18.4 26 (0.33) 7/15 0.48
17 W-8/10 16.4 20 (0.33) 7/21 0.52
30 W-8/10 19.5 34 (0.33) 717 0.40
54 W-8/10 18.9 32 (0.88) 7/9 0.40
26 W-8/10 19.5 32(0.67) 7/9 0.42
53 W-8/10 20.5 32 (1.53) 7/9 0.45
35 W-8/10 22.1 34 (0.58) 717 0.47
51 W-7/29 16.3 22 (1.00) 777 0.47
6 W-7/29 16.3 18 (0.00) 7711 0.57
32 W-7/29 14.7 20 (0.67) 7/9 0.43
62 W-7/29 144 20 (0.58) 7/9 0.42
12 W-7/29 14.4 21 (0.33) 78 0.40
73 W-7/29 14.4 19 (0.33) 7/10 0.44
42 W-7/29 16.0 18 (0.67) 7/11 0.55
58 W-7/29 14.7 21 (0.33) 7/8 0.41
87 W-7/29 15.5 21 (0.88) 7/8 0.45
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J. Alan Coahran. While as a kid, all he ever cared about was going 4 for 4 and getting 5 RBI’s,
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Indiana University where he found out he couldn’t turn on a 90 mph inside fastball or conduct
very good interviews. But he seemed to always catch more fish than his partner and had a
keen interest in knowing more about fish and their environment. Dave transferred to Purdue
University where he got a B.S. in fisheries science in December 1985 and, after a brief stint
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put to rest sometime around the X-mas season 1989. Merry Christmas!
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