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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 0 2L - 1h- 1 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 0 2 L- 1h- 1
) 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 1 chlorophyll 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 chlorophyll 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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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-sample design to test for liming effects. 

The Wilcoxon Signed Rank Test failed to reject the null hypothesis of no difference in 

phytoplankton biomass (mg chi. a/m 3
) between the east and west arms before the treatment 

(P = 0.40, N = 6) 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 chi. a/m 3
) 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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arms. Values are the mean from the duplicate samples. 

Results 51 



Table 4. Probability (P) values for the determination of significant differences(«= 0.05) in 
chlorophyll a concentration (mg/m 3) between the site-specific and mean arm 
comparisons with the Wilcoxon Signed Rank Test ( N = 6). 

Comparison Pre•treatment Post-treatment 

1 vs. 4 P=0.834 T = 2.1s P=0.295 1=2.83 
4=2.00 4=2.77 

2 vs. 5 P=0.402 2=2.53 P= 0.834 2=3.35 
5=2.25 5= 3.15 

3 vs. 6 P=0.142 3= 3.11 P=0.834 3= 3.64 
6= 3.40 6=3.29 

West vs. East P=0.402 W=2.60 P=0.402 W=3.27 
E=2.55 E=3.07 
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Secchi disk transparency 

The inverse of Sacchi disk transparency showed the same general patterns between 

sampling sites within each arm (Figures 14a and 14b) as did chlorophyll 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-spec.ific 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 phytoplankton 

biomass with the Secchi disk procedure (mg Chi. a/m 3 = -1.09 (SD, m) + 6.47, P = 0.0000, 

R2 = 0.43, N = 72, Figure 16). 
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' 
Table 5. Probability (P) values for the determination of significant differences (ti= 0.05) in 

Secchi disk transparency (m) between the site-specific and mean ann 
comparisons with the Wilcox<>p Signed Rank Test ( N = 6). 

Comparison Pre· treatment Post-treatment 

1 vs. 4 P=0.834 T =4.07 P= 0.173 I= 3.56 
4=3.96 4= 3.84 

2 vs. S P=0.295 2=3.28 P=0.036• 2= 2.91 
5=3.46 5= 3.42 

3 vs. 6 P=0.675 3= 2.82 P=0.787 3= 2.81 
6=2.67 6=2.94 

West vs. East P=0.834 W=3.39 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%)t 

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 samples, 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 Staurastrum 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 µm) 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 X 

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

Chrysophyta 
Dinobryon spp. 1328.8 48.9 1132.8 55.0 729.6 33.9 510.5 41.2 925.4 
Synura spp. 283.1 10.4 83.0 4.0 19.0 0.9 26.9 2.2 103.0 

Chlorophyta 
Staurastrum spp. 17.6 0.6 17.l 0.8 335.9 15.6 297.9 24.0 167.1 
Desmidium spp. 84.5 3.1 361.l 17.6 41.3 1.9 7.1 0.6 123.5 

Pyrrhophyta 
Ceratium spp. 540.5 19.9 196.5 9.6 29.l 1.3 50.7 4.1 204.2 

Cyanophyta 
Anabaena spp. 398.6 14.7 229.4 11.l 933.8 43.3 318.5 25.7 470.l 

Others 65.4 2.4 39.1 1.9 66.7 3.1 27.9 2.2 49.8 

TOTAL 2718.4 100.0 2058.8 100.0 2155.3 100.0 1239.3 100.0 2043.0 

Rel.% 

45.3 
5.1 

8.2 
6.0 

10.0 

23.0 

2.4 

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 lunula 

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 

estimates 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., G/oeocystis 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 Tetraedron 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. 

G/oeocystis spp. showed approximately a three-fold increase in both arms. Gemel/icystis 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, dinotlagellates 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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:::a • Table 7. Mean density estimates and relative abundance of common nannoplan.kton for the pre-treatment and post-treatment ! 
;::r samples. • 

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

Group #/L Rel.% #/L Rel. o/o #/L Rel.% #/L Rel.% #/L ReJ. % 

Chrysophyta 
Dinobryon spp. 1 1337.9 8.3 1395)4 10.3 1148.l to.I 1596.8 12.3 1369.5 IO.I 
Centric diatoms 2491.8 15.4 1380.5 IO.I 983.3 8.7 616.8 4.7 1368.1 10.1 
Pennate diatoms 1677.0 10.4 1324.4 9.7 901.2 7.9 1259.6 9.7 1290.6 9.5 

Chlorophyta 
Gemellicystis spp. 2 6313.4 39.0 4586.0 33.7 3163.4 27.9 4524.0 34.9 4646.7 34.3 
Gloeocystis spp. 2 600.6 3.7 788.2 S.8 1822.6 16.1 2304.9 17.8 1379.l 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 3.3 423.5 3.3 543.8 4.0 
Tetraedron lunula 1039.4 6.4 522.6 3.8 227.4 2.0 73.0 0.6 465.6 3.4 
Oocystis spp. 267.4 1.7 334.6 2.5 213.6 1.9 137.5 LI 238.3 1.8 

Pyrrhophyta 
Dino flagellates 587.0 3.6 1111.7 8.2 819.0 7.2 778.5 6.0 824.l 6.1 

Others 455.8 2.8 833.2 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 

1 single lorica species 
2cell 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 1987 sample and was approximately 

3 m deep. The thermocfine 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 between 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 and 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 lower 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 lo the pre-treatment samples. 

Group 

Net Plankton 

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

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

Oocystis spp. 
Selenastrum minutum 

Crucigenia spp. 
Tetraedron lunula 
Dinoflagellates 

1 single lorica species 

Result 

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 initial 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 relative 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. 

Post-Treatment 
Response Indicated 

No 

No 
No 
No 
No 
No 

Unlikely 

Possible (Positive) 
Possible (Positive) 
Possible (Positive) 

No 
No 

Possible (Positive) 

No 
Possible (Negative) 

No 
No 
No 



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/Lon 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/Land 4m, 0.092 mg/L) and the 3 September 1987 

sample (1m, 0.069 mg/Land 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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Figura 17. Total phosphorus concentration (mg/L) for the west and east arms for the 1 m and 4m 
samples. 

Re•ulta 65 



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 larger 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 1987 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 lake zooplankton biomass averaged for the six sites in both arms declined 

steadily from 25 May 1987 (253.3 µg/L) through 21 July 1987 (57.6 µg/L) and remained relatively 

stable, between 75-100 µg/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 19). Prior to the application of lime, the east arm had 

a higher total zooplankton biomass on the initial 25 May 1987 sample (280.5 µg/L versus 226.1 
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Figure 18. Orthophosphate concentration (mg/L) for the west and east arms for the 1m and 4m 
samples. 
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µg/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 µg/L versus 106.6 µg/L on 12 June 1987 and 

182.3 µg/L versus 88.9 µg/L on 29 June 1987). The average pre-lime zooplankton biomass for 

the west arm {206.9 µg/L) was higher than the east arm (158.7 µg/L) primarily due to higher 

biomass estimates for Daphnia spp. and, to a lesser extent, cycfopoid copepods (Table 9). 

After the lime application, east and west arm biomass estimates for total zooplankton (73.2 

µg/L, west versus 79.0 µg/L, east), cladocerans (34.8 µg/L, west versus 43.7 µg/L, east), 

copepods (18.9 µg/L, west versus 17.8 µg/L, east), and rotifers (19.5 µg/L, west versus 17.5 

µg/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 summer. 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 µg/L at site 3 and 514.6 µg/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 21 b). 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 1987). 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 µg/L Rel.% µg/L Rel.% µg/L Rel.% µg/L . Rel. % µg/L Rel.% 

Cladoeerans 
Daphnia spp. 86.l 41.6 33.5 21.1 26.7 36.S 33.6 42.5 45.0 34.8 
Bosmina spp. 36.9 17.8 53.3 33.6 4.0 5.5 1.6 2.0 24.0 18.5 
Ceriodaphnia spp. 0.8 0.4 1.3 0.8 3.1 4.2 7.8 9.9 3.3 2.5 
Others 0.6 0.3 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 34.8 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) 24.9 12.0 11.8 7.4 11.3 15.4 8.3 10.5 14.1 I0.9 
Sub-adults 3.2 1.6 3.0 1.9 2.0 2.7 1.5 1.9 2.4 1.9 

TOTAL 60.8 29.4 40.9 25.8 18.9 25.8 17.8 22.5 34.6 26.8 

Rotifers 
Polyarthra spp. 8.4 4.1 7.9 s.o 3.1 4.2 5.6 7.1 6.2 4.8 
Conochilus spp. 7.1 3.4 10.8 6.8 2.2 3.0 1.3 1.7 5.3 4.1 
Keratella spp. 4.1 2.0 7.9 5.0 3.4 4.6 2.3 2.9 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 1.4 
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 



80 

60 

40 

20 

0 t..-..~;.;......;.;.;.~.;..__~.....;.._--~-'---..:__'------.;.___.t..,__;...;..;,;_~~.-.......;____--'-----' 

5/25 6/12 6/29 7/21 8/7 9/3 

Date 

Figura 20. Relative percentages of biomass (µg/L) between Daphnia app., Bosmina spp., 
copepods, and rotifers in the west and east arms based on the 6 samples. 

Result• 71 



480 

420 

360 

300 

240 

180 

120 

60 

ZP Biomass (ug/L} 

Treatment 

o-------.J...------1------'------......L.----__J 
5/25 6/12 6/29 7/21 

Date 

---- Si ta 1 -+- Site 2 -*- Site 3 

525 

450 

375 

300 

225 

150 

75 

ZP Biomass {ug/L) 

Treatment 

8/7 9/3 

0 ..._ ____ ...__ ____ .....,__ ____ __.__ ____ --1... ____ ___J 

5/25 6/12 6/29 7/21 8/7 9/3 

Date 

- Site 4 -+- Site 5 -*- Site 6 

Figure 21. Total zooplankton biomass (µg/L) for the west (sites 1-3) and east (sites 4-6) arms. 
Values are the mean from the duplicate samples. 

Results 72 



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. biomass on all three samples with an approximately 

three-fold higher biomass estimate in comparison with the east arm for the two June samples. 

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 1987, 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 1987 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 6) in comparison 

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

Bosmlna 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 µg/L) of the total zooplankton biomass in comparison with 14.6% {20.4 µg/L) in the 

west arm. Whole lake Bosmina spp. biomass was highest (155.7 µg/L, east and 92.6 µg/L, 

west} on the initial sample (25 May 1987), obtaining 86% of its seasonal total on that date, and 

dropped below 10 µg/L on the second sample and stabilized between 3 and 4 µg/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 tow 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 zoopfank1on biomass. In the 

east arm, Ceriodaphnia spp. comprised 3.9% {4.6 µg/L) of the total zooplank1on biomass in 

comparison with 1.4% (2.0 µg/L) in the west arm. Whole lake Ceriodaphnia spp. biomass 

increased throughout most of the summer in contrast with most of the other zooplank1on 

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 relatively 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 39.6 µg/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 (adults) 

Cyclopoid copepod adults comprised 14.0% of the total whole lake zooplank1on biomass. 

In the east arm, cyclopoids comprised 14.3% (17.0 µg/L) of the total zooplank1on biomass in 

comparison with 13.7% (19.2 µg/L) in the west arm. Whole lake cyclopoid biomass was 

highest on the first two samples with a maximum of 46.5 µg/L on the 12 June 1987 sample. 

Whole lake cyclopoid biomass decreased after this maximum and remained between 5 and 
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15 µg/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, middle, and 

lower regions of the arms, especially after the application of time. 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 µg/L} of the total zooplankton biomass in 

comparison with 8.5% (10.1 µg/L) in the east arm. Whole lake calanoid biomass was highest 

on the initial sample (35.6 µg/L) and dropped to its lowest level {2.6 µg/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 sample, 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 1.9% of the total whole lake zooplankton biomass. They 

also comprised 1.9% of the total zooplankton biomass in the east (2.3 µg/L) and west (2.6 

µg/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 µg/L) of the total zooplankton biomass in comparison with 4.1% (5.7 µg/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. 

Conochi/us spp. comprised 4.1 % of the total whole take zooplankton biomass. In the east 

arm, Conochilus spp. comprised 5.1 % (6.0 µg/L) of the total zooplankton biomass in 

comparison with 3.2% (4.5 µg/L) in the west arm. Whole lake Conochilus spp. biomass 

showed a maximum {24.3 µg/L) on the initial sample and decreased to relatively low biomass 

levels (less than 5.0 µg/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 Conochi/us 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, Keratella spp. comprised 4.3% (5.1 µg/L) of the total zooplankton biomass in comparison 

with 2.8% (3.9 µg/L) in the west arm. Whole lake Keratella spp. biomass reached a maximum 

(11.0 µg/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 zooplankton biomass. In the east arm, 

Ptygura spp. comprised 2.7% (3.2 µg/L) of the total zooplankton biomass in comparison with 

1.5% (2.1 µg/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, Asp/anchna spp. comprised 2.1 % (2.9 µg/L) of the total zooplankton biomass in 

comparison with 0.7% (0.8 µg/L) in the east arm. Asplanchna spp. biomass was dominated 

by a large relative biomass (30.3 µg/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. 

Results 80 



:a • • C 

if 

0:, .... 

Table 10. Summary of the biomass results for the common zooplankton. Included in the results are the responses in the post-treatment 
samples relative lo the pre-treatment samples. 

Group 

Cladocerans 

Daphnia spp. 

Bosmina spp. 

Ceriodaphnia spp. 

Copepods 

Cyclopoid (Adult) 

Calanoid (Adult) 

Sub-adults 

Rotifers 
Polyarthra spp. 

ConochiJus spp. 

Keratella spp. 

Ptygura spp. 

Asplanchna spp. 

Result 

Higher pre-treatment biomass at sites 1 and 2. Absolute biomass decreased in 
both arms. Relative biomass decreased in the wesL 
Primarily pelagic. Higher pre-treatment biomass consistently in west arm. 
Higher biomass at sites 5 and 6 on 9/3/87. Absolute and relative biomass 
decreased in the wesL Relative biomass increased in the easL 
Moderately pelagic to littoral. Higher biomass at sites 2 and 3, except on 
5/27 /87. Absolute and relative biomass decreased considerably in both arms. 
Primarily littoral when ahundanL Absolute and relative biomass increased in 
both arms, especially in the east. Highest biomass estimates at site 6. 

Slightly higher biomass consistently at sites I, 2. 6. Higher biomass at sites I 
and 2 on 6/12/87. Absolute biomass decreased in both arms. Relative biomass 
decreased slightly in both arms. 
Higher biomass at site 6 on all samples except S/25/87. Higher biomass at sites I 
and 2 on 6/12/87. Absolute and relative biomass decreased in both arms. 
Higher biomass at sites l and 2 consistently. Absolute biomass decreased and 
relative biomass increased in both arms. 
Primarily littoral. Slightly higher biomass consistently in west arm, especially at 
site 3. Absolute biomass decreased in both arms. Relative biomass increased 
in the west. 

Higher relative biomass in the east arm on sample taken immediately after liming. 
Higher biomass at site 6 for last four samples. Absolute biomass decreased in 
both arms. Relative biomass increased in the east. 
Moderately pelagic lo 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 5 in the east. Higher relative biomass in the east ann 
on sample taken immediately after liming. 
Moderately pelagic to littoral. Absolute and relative biomass increased in both 
arms, especially in the west. 

Post-Treatment 
Response Indicated 

Unlikely 

Unlikely 

No 

Unlikely 

No 

No 

No 

No 

Unlikely (Positive) 
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 (#IL). The rotifers comprised 71.6% of the whole lake zooplankton 

individuals sampled. Rotifers comprised 73.5% of all zooplankton individuals sampled 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 1987 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 group'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 zooplank1on 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 µg for all dates sampled in the east arm; 

however, the west arm showed an average size greater than 1 µg on 12 June 1987 (1.22 µg) 

and 29 June 1987 (1.71 µg) caused by a relatively large Daphnia spp. population in the west 
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Table I 1. 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.S 17.2 6.1 4.1 2.4 1.7 23.9 11.3 
Daphnia spp. 13.1 5.7 5.2 1.6 3.3 2.2 4.3 3.0 6.5 3.1 
Ceriodaphnia spp. 0.5 0.2 0.6 0.2 2.l 1.4 4.2 2.9 1.9 0.9 
Others 0.4 0.2 0.5 0:2 0.8 0.5 0.5 0.4 0.6 0.3 

TOTAL 45.5 19.9 61.8 19.2 12.3 8.2 11.4 7.9 32.9 15.5 

Copepods 
Sub-adults 23.0 10.0 20.7 6.4 21.1 14.1 15.4 10.7 20.1 9.5 
Cyclopoid (Adult) 5.5 2.4 5.5 1.7 2.0 1.3 3.4 2.4 4.1 1.9 
Calanoid (Adult) 3.9 1.7 2.5 0.8 3.4 2.3 2.8 1.9 3.2 LS 

TOTAL 32.4 14.2 28.7 8.9 26.5 17.7 21.6 15.0 27.4 12.9 

Rotifcrs 
Conochilus spp. 88.6 38.7 134.6 41.8 27.6 18.4 16.1 11.2 66.7 31.5 
Keratella spp. 37.3 16.3 72.2 22.4 30.7 20.5 21.1 14.6 40.3 19.0 
Ptygura spp. 2.8 1.2 2.9 0.9 38.9 25.9 61.4 42.6 26.5 12.5 
Polyarthra spp. 11.4 5.0 10.7 3.3 5.1 3.4 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 3.4 4.2 2.9 7.9 3.7 

TOTAL 151.1 66.0 231.9 71.9 111.3 74.2 11 l.l 77.1 151.4 71.5 

GRAND TOTAL 229.0 100.0 322.4 100.0 150. l 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 µg calculated for site 6 on 7 August 1987 and a high of 14.79 µg 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 = 6). 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 

samples, 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 zooplank1on 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 classes (15-20 and 21-35 d old) which were 

tested separately in order to account for possible 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 anns for the period when alkalinity was different 
between the east and west anns with the Wilcoxon Rank Sum Test (o: = 0.05). 

Growth 
Age Group ( d) Ann (m.m/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 
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Discussion 

Although the character of this study was compromised due to the contamination of the 

west arm with calcite dissolution products within 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 calcite dose to neutralize the east arm sediments, productivity limitation by factors other 

than dissolved inorganic carbon (DIC), and the relatively high pre-treatment pH. I 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 

Carlson (1977) proposed a trophic state index (TSI) 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 

(chlorophyll 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, chlorophyll a - total phosphorus, and chlorophyll 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 2 between O 

and 100 with O representing extreme oligotrophic conditions {e.g., Secchi disk of 64 m, 

chlorophyll a of 0.04 mg/m 3
, total phosphorus of 0.75 µg/L) and 100 representing extreme 

eutrophic conditions (e.g., Secchi disk of 0.06 m, chlorophyll a of 1,183 mg/m 3
, 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 1987 

samples) chlorophyll a concentration (2.81 mg/m 3
, 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., TSI = 10(6 -
1092 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 s40 41-50 51-70 >70 

Total phosphorus (µg/ L) S12 13 .. 25 26-99 :2:100 

Chlorophyll a (µg/m 3
) <3 3-7 8-54 >55 

Secchi depth (m) >4 4-2 2-0.S <0.5 
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Table 14. Carlson's TSI values {0-100) for Flat Top Lake. Based on the mean summer chlorophyll a 
(mg/m 3

), Secchi depth (m), and total phosphorus (µg/L) samples. 

West East West East 

Site 1 Site 2 Site 3 Site 4 Site S Site 6 x x 
Chlorophyll 38.3 40.9 42.7 38.2 39.9 43.0 40.8 40.6 

Secchi depth 40.3 43.9 45.7 39.8 42.S 46.2 43.1 42.6 

Total Phosphorus 1 31.2 28.7 

1 based on samples taken by IS&T (Appendix I 0) 
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Carlson's TSI is most valid in lakes where total phosphorus limits primary productivity and 

light attenuation is primarily determined by algal biomass (Carlson 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& T3 (Appendix 10). Walker (1984) presented evidence that phytoplankton 

primary productivity in reservoirs with chlorophyll a (mg/m 3
) - Secchi disk (m) products less 

than 10 mg/m 2 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) 

chlorophyll a - Secchi disk product for Flat Top Lake was 8.8 (range 5.5 - 10.7), indicating that 

non-algal light limitation from suspended sediments could have been a factor in addition to 

phosphorus limitation controlling productivity. 

Carlson's TSI 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 chlorophyll 

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 fakes with relatively higher Secchi disk TSI 

values relative to chlorphyll a values oftentimes have significant non-algal light attenuation 

(Carlson 1980, 1983). The relationship of the TSI values for Flat Top Lake supports the 

3 There was a large discrepancy between total phosphorus concentrations between IS& T and VPl&SU 
samples. Predictions of total phosphorus based on chlorophyll a (Carlson 1977) were much closer to 
the IS& T estimates (Predicted TP - 0.011 µg/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 calcite 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 Nitella spp. were the dominant macrophyte species in Flat Top Lake 

reaching maximum coverage in late summer-early fall in the coves and bays and upper arm 

areas (Smith 1989). 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. Nite/la 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 fafl 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 de!:omposition 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 1957; 

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 chlorophyll 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 3
), 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 release, 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 phytoplankton biomass towards the upper arm sites. The 

increasing trend in phytoplankton biomass measured from 20 July 1987 through the 3 
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September 1987 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 probable 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 1987, although filam~ntous 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 

assemblage in the summer. Dinobryon spp., represented by a net plankton and 

nannoplankton form, and the colonial green algae. Geme/licystis spp. and Gloeocystis spp., 

were the dominant genera. 
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The abundance of certain phytoplankton 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 lakes under low nutrient conditions 

often found during summer stratification (Hutchinson 1967; Sondergaard and Jensen 1986). 

The ratio between species number of centric and pennate diatoms 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 ot 

more oligotrophic conditions (Gannon and Sternberger 1978). The ratios for the six 

zooplankton samples taken at Flat Top Lake showed an increasing trend {i.e., more cafanoids) 

towards the fourth (21 July 1987) and fifth (7 August 1987) samples 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 26) 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 Jakes, which 

characteristically show a dominant cladoceran and copepod 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 µ.m, Wetzel 

1975) 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. 1987). 

Section 2. Responses 

Calcite dissolution 

Calcite dissolution results in an increase in total alkalinity, ANC, pH, and Ca2+ 

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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CaC03 + H+ = Ca2+ + HC03- {1) 

CaC03 + H20 = Ca2+ + HC03- + 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 µm, whereas, mean calcite particle size was less than 20 

µm for the other 21 lakes limed by LU in 1986-1987 (Adams and Brocksen 1988). Based on the 

method of Sverdrup and Warfvinge {1988), the Flat 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 4• 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 Ca2+ 

concentrations estimated by IS& T (Appendix 10) supported the conclusions from the alkalinity 

trends analysis. Ca2+ concentrations increased by 1.47 mg/Lat site 5, 1.18 mg/L near the 

outlet, and 0.6 mg/Lat site 2 in the post-treatment sample (19 August 1987) relative to the 

pre-treatment sample (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. Ca2
1- 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 Ca2+ 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 HCQ3- to the 

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

A maximum sediment dose of 0.97 tonnes/ha (864 lb/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 {0.59 years) and sediment dose (approximately 1 tonne/ha). 

The model was developed from several Swedish limed lakes (pre-treatment pH less than 6.0) 

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 

snowmeft 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 {HC0 3-) 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 

to 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 availability of 

phosphorus from the sediments (Boyd 1979), 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 Ca2+ (Neess 1948). Flat 

Top Lake was primarily phosphorus limited with acidic sediments of low fertility (mean 

pre-treatment 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 east 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 applicable 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 fakes 

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 calcite 

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 calcite 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 1974, 1976; Boyd and Cuenca 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 

1959; Hickling 1962; 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 lb/acre of 

CaC03 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 lb/acre if sandy loam, and 

800-1600 lb/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 lb/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 Flat 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 wilf 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 (CO2) and bicarbonate (HCO"-) 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 HC03- (Ruttner 1963; King 1970): 

1. the dissociation of HC03- to give CO2 , 

2. direct uptake of HC03- by the phytoplankton where CO2 is then extracted. 

However, direct uptake of HC03- is important only at very low CO2 concentrations {less than 

0.2 µmof/L), indicated by a pH of 8.6 or higher (Lund 1970; Arce and Boyd 1975; Reynolds 1984). 

The maximum post-treatment pH of Flat Top Lake was 7.44 (site 5 on 24 July 1987); therefore, 

direct utilization of HC03- was not necessary for Flat Top Lake phytoplankton. Although 

higher rates of primary productivity and phytoplankton biomass have been achieved when 

HC03- concentrations were increased by liming Southeastern United States fish ponds, 

nutrient concentrations were also increased which promoted CO2 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 CO2 at rates higher than can be 

re-supplied by atmospheric diffusion, respiration, and dissociation of HC03- (King 1970; 

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 µg/L, Appendix 10) was 

slightly below the levels King and Garling (1986) estimated to cause a significant 

photosynthetic reduction of CO2 concentration. Based upon the difference between observed 

total phosphorus concentrations and those needed to increase productivity to the point where 

CO2 concentrations declined substantially, it is conceivable that a calcite dose large enough 

to neutralize the east arm sediments could have increased phosphorus levels enough to make 

the east arm of Flat Top Lake demonstrate CO2 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 CO2 from dissociation and extractiom), the study design erroneously 

assumed that pre-treatment nutrient levels in Flat Top Lake were high enough to allow 

phytoplankton photosynthetic depletion of CO2 , 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 dissolution products had little 

effect on the results 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 dissolved 

inorganic carbon enhancing phytoplankton gross productivity because nutrient conditions 

would not have been similar between the two arms. Because of the low pre-treatment 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 1 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 cafcite 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 chlorophyll a concentrations and very low primary productivity rates (as measured by the 

C14 technique, Vollenweider 1969) after liming two acidic (pH < 5.5) Adirondack mountain 

lakes. The decline was attributed to CO2 limitation because calcite dissolution, utilizing CO2 

in the reaction (equation 2, page 101), exceeded the rate of CO2 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 CO2 from HC03-. Flat Top Lake chlorophyll 

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 CO2 

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 phytoplank1on 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 µg/L) than in more acidic Jakes which often have aluminum 

concentrations as high as 700 µg/L or more {Hasselrot and Hultberg 1984). Flat Top Lake 

aluminum concentration, however, did show a reduction in the post-treatment sample (2 

µg/L, 19 August 1987) in the limed arm relative to the pre-treatment sample (13 µg/L, 31 March 

1987) with a concurrent relative increase in aluminum concentration in the unlimed arm in the 

post-treatment sample (4 µg/L, pre-treatment vs. 6 µgl, 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 phytoplank1on 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 phosphorus unavailable 

until possibly at fall turnover. 

Phytoplankton composition 

Acid-tolerant phytoplank1on species that can survive under characteristically low nutrient 

conditions (e.g., Gymnodinium spp. and Peridinium spp., Dinophyceans) are usually replaced 

by Chrysophytes, diatoms, and Chlorophytes after neutralization of acidic lakes (Fraser et al. 

1985); 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 aijer 

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 µm) or nannoplankton genera (less than 80 µm, however. most genera were 

less than 10-15 µm) 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., CO2 , HC03- , and carbonate co,2-) 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 woufd 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 variable 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 1985), 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 LU 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 chlorophyll a - Secchi disk products, the most "parsimonious" explanation 

is that non-algal turbidity increased in the west 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 samples, 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 zooplankton 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 1989) and 

increased fish predation (Henrikson et ar. 1984; Yan 1985). Fraser et al. (1985) reported very 

Discussion 112 



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 little biological 

damage had occurred before the treatment. Yan and Dillon {1984) reported that liming had 

no immediate or long term effects on zooplankton 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 zooplankton 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 

zooplankton and cladoceran biomass (e.g., Daphnia spp.) and the relative east arm decrease 

in rotifer abundance cannot be attributed to liming 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 Ca2+ 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. 1985). 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 very difficult to 

catch in the post-treatment pelagic samples. YOY bluegill 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 the 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 bluegill 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 calcite addition to a moderately productive, circumneutral yet acid-sensitive, 

warmwater reservoir had no detectable negative impacts on the biological components at 

three trophic levels (phytoplank1on, zooplank1on, 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 Flat Top Lake Owner's Association in conducting their own liming 

application with confidence. For any future liming projects on Flat 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 CO2 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 CO2 

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 and 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, zooplankton 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 bluegill 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). 

Discussion 118 



Literature Cited 

Adams, T.B., and R.W. Brocksen. 1988. Dose-response relationships for the addition of 
limestone to fakes and ponds in the northeastern United States. Water, Air, and Soil 
Pollution 41:137-163. 

American Public Health Association, American Water Works Association, and Water Pollution 
Control Federation. 1975. Standard methods for the examination of water and wastewater. 
14th ed. APHA. Washington, D.C. 

Arce, R.G., and C.E. Boyd. 1975. Effects of agricultural limestone on water chemistry, 
phytoplankton productivity, and fish production in softwater ponds. Transactions of the 
American Fisheries Society 104:308-312. 

Arnold, D.E., R.W. Light, and E.A. Paul. 1985. Vulnerability of selected lakes and streams in the 
middle Atlantic states to acidification: A regional survey. U.S. Fish and Wildlife Service. 
Eastern Energy and Land Use Team. Biol. Rep. 80(40.19). 

Baker, J.P. 1982. Effects on fish of metals associated with acidification. Pages 165-175 in T.A. 
Haines and R.E. Johnson, editors. Acid rain/fisheries. American Fisheries Society. 
Bethesda, Maryland. 

Beamish, R.J., and H.H. Harvey. 1972. Acidification of the LaCloche Mountain lakes in Ontario, 
Canada, as a consequence of atmospheric fallout of acid. Water Research 8:85-95. 

Beard, T.D. 1982. Population dynamics of young-of-the-year bluegill. Wisconsin Department of 
Natural Resources. Technical Bulletin No. 127. Madison, WI. 

Bergin, J. 1984. Acid rain mitigation in Massachusetts. Pages 3-12 to 3-17 in R.J. Fares and 
J.D. Kinsman, editors. The proceedings of the lake acidification mitigation workshop. U.S. 
Department of Energy. Washington, D.C. 

Bernes, C., and E. Thornelof. 1988. Present and future acidification of Swedish lakes: Model 
calculations based on an extensive survey. In Environmental impact models to assess 
regional acidification. II ASA/Reidel. 

Literature Cited 119 



Blouin, A.C., T.M. Collins, and J.J. Kerekes. 1984. Plankton of an acid-stressed lake. Kejimkujik 
National Park, Novia Scotia, Canada. Part 2. Population dynamics of an enclosure 
experiment. Verh. International Verein. Limnol. 22:401-405. 

Bosselmann, S., and B. Riemann. 1986. Zooplankton. Chapter 5 in B. Riemann and M. 
Sondergaard, editors. Carbon dynamics in eutrophic, temperate lakes. Elsevier Science 
Publishers. New York. 

Bostrom, B., M. Jansson, and C. Forsberg. 1982. Phosphorus release from lake sediments. 
Arch. Hydrobiol. Beih. Ergebn. Limnol. 18:5-59. 

Boyd, C.E. 1974. Lime requirements of Alabama fish ponds. Auburn Univiversity Agricicultural 
Experiment Station. Bulletin 459. Auburn, Alabama. 

----· 1976. liming farm fish ponds. Auburn University Agricultural Experiment Station. 
Leaflet 91. Auburn, Alabama. 

____ . 1979. Water quality in warmwater fish ponds. Auburn University Agricultural 
Experiment Station. Auburn, Alabama. 

----· 1981. Fertilization of warmwater fish ponds. Journal of Soil and Water 
Conservation 36:142-145. 

____ . 1982. Liming fish ponds. Journal of Soil and Water Conservation 37:86-88. 

____ , and M.L. Cuenco. 1980. Refinements of the lime requirement procedure for fish 
ponds. Aquaculture 21:293-299. 

____ . and E. Scarsbrook. 1974. Effects of agricultural limestone on phytoplankton 
communities of fish ponds. Arch. Hydrobiol. 74:336-349. 

Brettum, P., and H. Hindar. 1985. Effects of lime treatment on the biological system. Pages 
79-108 in K. Baafsrud, A. Hindar, M. Johannessen, and D. Matzow. editors. Lime 
treatment against acid water. Report No. FRS. Norwegian Institute for Water Research. 
Oslo, Norway. 

Broberg, 0. 1984. Phosphate removal in acidified and limed lake water. Water Resources 
Research 10:1273-1278. 

Brocksen, R.W., and P.W. Emler, Jr. 1988. Living Lakes: An aquatic liming and fish restoration 
demonstration program. Water, Air, and Soil Pollution 41:85-93. 

Brown, J.M., and C.D. Goodyear. 1987. Acid precipitation mitigation program: Research 
methods and protocols. U.S. Fish and Wildlife Service. National Ecology Center. Leetown, 
WV. NEC-87:27. 

Bukaveckas, P.A. 1988. Effects of calcite treatment on primary producers in acidified 
Adirondack lakes. I. Response of macrophyte communities. Lake and Reservoir 
Management 4:107-113. 

----· 1989. Effects of calcite treatment on primary producers in acidified Adirondack 
lakes. II. Short-term response by phytoplankton communities. Canadian Journal of 
Fisheries and Aquatic Sciences 46:352-359. 

Burnison, B.K. 1980. Modified dimethyl sulfoxide (DMSO) extraction for chlorophyll analysis 
of phytoplankton. Canadian Journal of Fisheries and Aquatic Sciences 37:729-733. 

Literature Cited 120 



Burris, J.E., R. Wedge, and A. Lane. 1981. Carbon dioxide limitation of photosynthesis of 
freshwater phytoplankton. Journal of Freshwater Ecology 1 :81-96. 

Canfield, Jr., D.E., K.A. Langeland, M.J. Maceina, W.T. Haller, and J.V. Shireman. 1983. Trophic 
state classification of lakes with aquatic macrophytes. Canadian Journal of Fisheries and 
Aquatic Sciences 40: 1713-1718. 

____ , J.V. Shireman, and J.J. Jones. 1984. Assessing the trophic status of lakes with 
aquatic macrophytes. Pages 446-451 in Lake and Reservoir Management. Proceedings 
of the 3rd Ann. Conf. N. Am. Lake Mgt. Soc. October 18-20, 1983. Knoxville, TN. U.S. EPA. 
Washington, D.C. EPA 440/5-84-001. 

Carlander, K.D. 1969. Life history data on freshwater fishes of the United States and Canada, 
exclusive of the Perciformes. Iowa State University Press. Ames, Iowa. 

Carlson. R.E. 1977. A trophic state index for lakes. Limnology and Oceanography 22:361-369. 

____ . 1980. More complications in the chlorophyll-Secchi disk relationship. Limnology 
and Oceanography 25:379-382. 

----· 1983. Discussion of "Using differences among Carlson's trophic state index values 
in regional water quality assessment," by R.A. Osgood. Water Resources Bulletin 
19(2):307-308. 

Cohen, R.R., M.G. Kelly, and M.R. Church. 1982. The effect of CO2 on the relationship of 
photosynthetic rate to light intensity in laboratory phytoplankton cultures. Arch. Hydrobiol. 
94:326-340. 

Cole, G.A. 1983. Textbook of limnology. 3rd ed. The C.V. Mosby Company. St. Louis, Missouri. 

Cowling, E.B. 1982. An historical perspective on acid precipitation. Pages 15-31 in T.A. Haines 
and R.E. Johnson, editors. Acid rain/fisheries. American Fisheries Society. Bethesda, 
Maryland. 

DePinto, J.V., R.D. Scheffe, W.G. Booty, and T.C. Young. 1989. Predicting reacidification of 
calcite treated acid lakes. Canadian Journal of Fisheries and Aquatic Sciences 46:323-332. 

Dickson, W. 1978. Limnological aspects of acid precipitation. Pages 37-41 in G. Hendrey, editor. 
Proceedings of an International Workshop. Brookhaven National Laboratory. Report 
BNL-51074. 

____ . 1980. Properties of acidified waters. Pages 75-83 in D. Drablos and A. Tollan, 
editors. Ecological impact of acid precipitation: Proceedings of an international 
conference. 1980 March 11-14. Sandefjord, Norway. SNSF Project. Oslo-As, Norway. 

____ . 1985. liming in Sweden, liming acidic waters: Environmental and policy concerns. 
Center for Environmental Information, Inc. Albany, N.Y. 

Driscoll, C.T., G.F. Fordham, W.A. Ayling, and LM. Oliver. 1989. Short-term changes in the 
chemistry of trace metals following calcium carbonate treatment of acidic lakes. 
Canadian Journal of Fisheries and Aquatic Sciences 46:249-257. 

____ , J.R. White, G.C. Schafran, and J.D. Rendall. 1982. CaC03 neutralization of 
acidified surface waters. Journal of Environmental Engineering Div. ASCE 12. 

Literature Cited 121 



Dumont, H.J., I. VandeVelde, and S. Dumont. 1975. The dry weight estimate of biomass in a 
selection of cladocera, copepoda, and rotifera, from the plankton, periphyton and benthos 
of continental waters. Oecologia 19:75-97. 

Edmondson, W.T., editor. 1959. Ward and Whipple's fresh-water biology. 2nd ed. John Wiley 
and Sons. New York, N.Y. 

____ . 1980. Secchi disk and chlorophyll. Limnology and Oceanography 25:378-379. 

Eley, R.L. 1970. Physicochemical limnology of Keystone Reservoir. Doctoral dissertation. 
Oklahoma State University. Stillwater, OK. 

Elser, M.M., J.J. Elser, and S.R. Carpenter. 1986. Paul and Peter lakes: A liming experiment 
revisited. The American Midland Naturalist 116:282-295. 

Eriksson, F., E. Hornstrom, P. Mossberg, and P. Nyberg. 1983. Ecological effects of lime 
treatment of acidified lakes and rivers in Sweden. Hydrobiologia 101:145-164. 

Evans, R.A. 1989. Response of limnetic insect populations of two acidic, fish less lakes to liming 
and brook trout (Salvelinus fontinalis). Canadian Journal of Fisheries and Aquatic 
Sciences 46:342-351. 

Faber, D.J. 1967. Limnetic larval fish in northern Wisconsin lakes. Journal of the Fisheries 
Research Board of Canada 24:927-937. 

Fordham, G.F., and C.T. Driscoll. 1989. Short-term changes in the acid/base chemistry of two 
acidic lakes following calcium carbonate treatment. Canadian Journal of Fisheries and 
Aquatic Sciences 46:306-314. 

Fraser, J.E., and D.L. Britt. 1982. Liming of acidified waters: A review of methods and effects 
on aquatic ecosystems. U.S. Fish and Wildlife Service. Division of Biological Services. 
Eastern Energy and Land Use Team. FWS/OBS-80/40.13. 

____ , W.P. Saunders, Jr., S.L. von Dettingen, D.L. Britt, H.U. Sverdrup. 1985. Ecological 
effects of base addition to fake ecosystems. International Science and Technology. 
Sterling, Virginia. 

____ , P. Gremillion, J. Kinsman, H. Sverdrup, P. Warfuinge. 1987. Evaluation of 
technical criteria and domestic markets for the use of base materials in treating acid 
surface waters. Pfizer, Incorporated. New York. 

Gannon, J.E., and R.S. Sternberger. 1978. Zooplankton (especially crustaceans and rotifers) 
as indicators of water quality. Transactions American Microscopy Society 97:16-35. 

Gibson, J.H., J.N. Galloway, C. Scholfield, W. McFee, R. Johnson, S. Mccarley, N.Dise, and D. 
Herzog. 1983. Rocky Mountain Acidification Study. U.S. Fish and Wildlife Service. Division 
of Biological Services. Eastern Energy and Land Use Team. FWS/OBS-80/40.17. 

Gloss, S.P., C.L. Scholfield, R.L. Spateholts, and B.A. Plonski. 1989. Survival, growth, 
reproduction, and diet of brook trout (Salvelinus fontinalis) stocked into lakes after liming 
to mitigate acidity. Canadian Journal of Fisheries and Aquatic Sciences 46:277-286. 

Haines, T.A. 1981. Acidic precipitation and its consequences for aquatic ecosystems: A review. 
Transactions of the American Fisheries Society 110:669-706. 

Literature Cited 122 



____ , and J. Akielaszek. 1983. A regional survey of chemistry of headwater lakes and 
streams in New England: Vulnerability to acidification. U.S. Fish and Wildlife Service. 
Eastern Energy and Land Use Team. FWS/OBS-80/ 40.15. 

Harvey, H.H., and C. Lee. 1982. Historical fisheries changes related to surface water pH 
changes in Canada. Pages 45-55 in T.A. Haines and R.E. Johnson, editors. Acid 
rain/fisheries. American Fisheries Society. Bethesda, Maryland. 

Hasler, A.O., O.M. Brynildon, and W.T. Helm. 1951. Improving conditions for fish in 
brown-water bog lakes by alkalization. Journal of Wildlife Management 15:347-352. 

Hasselrot, 8., B.I. Andersson, and H. Hultberg. 1984. Ecosystem shifts and reintroduction of 
Arctic Char (Salvelinus salvelinus L) after liming of a strongly acidified lake in 
southwestern Sweden. In L. Nyman and B. Eriksson, editors. Report No. 61. Institute of 
Freshwater Research. Drottningholm, Sweden. 

____ , and H. Hultberg. 1984. Liming of acidified lakes and streams and its consequences 
for aquatic ecosystems. Fisheries 9(1):4-9. 

Helfrich, L.A., and D.J. Orth. 1988. Flat Top Lake: Management considerations and 
recommendations. Department of Fisheries and Wildlife Sciences. Virginia Polytechnic 
Institute and State University. Blacksburg, Virginia. 

Henriksson, L., H.G. Nyman, H.G. Oscarson, and J.A.E. Stenson. 1984. Changes in the 
zooplankton community after lime treatment of an acidified lake. Verh. Internal. Verein. 
Limnof. 22:3008-13. 

Hickling, C.F. 1962. Fish Culture. Faber and Faber. London. 

Hollander, M., and D.A. Wolfe. 1973. Nonparametric statistical methods. John Wiley and Sons. 
New York. 

Hornstrom, E., and C. Ekstrom. 1985. Liming effects on plankton in Swedish west coast lakes. 
Draft Report. Statens Naturvardsverk, Solna, Sweden. 

Hultberg, H., and 1.8. Anderson. 1982. Liming of acidified lakes: Induced long-term changes. 
Water, Air, and Soil Pollution 18:311-331. 

Hunn, J.B., L. Cleveland, and D.R. Buckler. 1985. Additional calcium reduces effects of low pH 
and aluminum of developing brook trout eggs and fry. Research Information Bulletin. U.S. 
Fish and Wildlife Service. Columbia National Fisheries Research Laboratory. Columbia, 
Missouri. 

Hutchinson, G.E. 1957. A treatise on limnology. Vol.I. Geography, physics, and chemistry. John 
Wiley and Sons. New York. 

____ . 1967. A treatise on limnology. Vol.II. Introduction to lake biology and the 
limnopfankton. John Wiley and Sons. New York. 

lnteragency Task Force on Acid Precipitation (ITFAP). 1982. National acid precipitation 
assessment plan. lnteragency Task Force on Acid Precipitation. 722 Jackson Place, NW. 
Washington, D.C. 

International Liming Workshop. 1982. Liming of acidified waters: Issues and research - A 
report on the International Liming Workshop. U.S. Fish and Wildlife Service. Eastern 
Energy and Land Use Team. FWS/OBS-80/40.14. 

Literature Cited 123 



International Science and Technology. 1987. After action report, Flat Top Lake, WV. Sterling, 
VA. 

Jeffrey, S.W., and G.F. Humphrey. 1975. New spectrophotometric equations for determining 
chlorophylls a, b, c, and c2 in higher plants, algae and natural phytoplankton. Biochem. 
und Physiologie der Pflanzen 167:191-194. 

Keller, W., J. Gunn, and N. Conroy. 1980. Acidification impacts on lakes in the Sudbury, 
Ontario, Canada area. Pages 228-229 in D. Drablos and A. Tollan, editors. Ecological 
impact of acid precipitation: Proceedings of an international conference. 1980 March 
11-14. Sandefjord, Norway. SNSF Project. Oslo-As, Norway. 

Kelso, J.R.M., and J.M. Gunn. 1982. Response of fish communities to acidic environments. 
American Chemical Society preprint extended abstract 22:431-437. 

____ , C.K. Minns, J.H. Llpsit, and J.S. Jeffries. 1986. Headwater lake chemistry during 
the spring freshet in north-central Ontario. Water, Air, and Soil Pollution 29:245-259. 

Kleinbaum, D.G., and L.L. Kupper. 1978. Applied regression analysis and other multivariable 
methods. Duxbury Press. Boston, Massachusetts. 

King, D.L. 1970. The role of carbon in eutrophication. Journal of the Water Pollution Control 
Federation 42:2035-2051. 

____ , and D.L. Garling. 1986. A state-of-the-art overview of aquatic fertility with special 
reference to control exerted by chemical and physical factors. Pages 53-65 in J. Lannan, 
R. Smitherman, G. Tchobanoglous (editors). Principles and practices of pond aquaculture. 
Oregon State University Press. Corvallis, Oregon. 

Kretser, W.A. 1984. Treatment of New York's Adirondack lakes by liming. Pages 3-39 to 3-48 
in R.J. Fares and J.D. Kinsman, editors. The proceedings of the lake acidification 
mitigation workshop. U.S. Department of Energy. Washington, D.C. 

Lind, O.T. 1985. Handbook of common methods in limnology. 2nd ed. Kendall/Hunt Publishing 
Company. Dubuque, Iowa. 

Lorenzen, C.J. 1967. Determination of chlorophyll and pheo-pigments: Spectrophotometric 
equations. Limnology and Oceanography 12:343. 

Lund, J.W.G. 1970. Primary production. Water Treatment and Examination 19:332-358. 

Malanchuk, J.L., P.A. Mundy, R.J. Nesse. and D.A. Bennett. 1986. Assessment of aquatic 
effects due to acid deposition. Pages 4-16 in B.G. Isom, S.D. Dennis, and J.M. Bates, 
editors. Impact of acid rain and deposition on aquatic biological systems. American 
Society for Testing and Materials. Baltimore, Maryland. 

Maloney, T.E. {editor). 1979. lake and reservoir classification systems. U.S. EPA 
Environmental Research Lab. Corvallis, OR. EPA-600/3-79-074. 

Marcus, M.D. 1988. Differences in pre- and post-treatment water qualities for twenty limed 
lakes. Water, Air, and Soil Pollution 41:279-291. 

Mills, E.L., D.M. Green, and A. Schiavone, Jr. 1987. Use of zooplankton size to assess the 
community structure of fish populations in freshwater lakes. North American Journal of 
Fisheries Management 7:369-378. 

Literature Cited 124 



Molot, L.A., J.G. Hamilton, and G.M. Booth. 1985. Neutralization of acidic lakes: Short-term 
dissolution of dry and slurried calcite. Water Research 20:757-761. 

Mortimer, C.H. 1941. The exchange of dissolved substances between mud and water in lakes. 
Journal of Ecology 29:280-329. 

____ . 1942. The exchange of dissolved substances between mud and water in lakes. 
Journal of Ecology 30:147-201. 

National Fisheries Board of Sweden. 1982. Rad och riktlinjer for kalkning av sjoar och 
zattendrag. Report No. 1. 

Neess, J.C. 1948. Development and status of pond fertilization in central Europe. Transactions 
of the American Fisheries Society 76:335-358. 

Nyberg, P., 1984. Effects of liming on fisheries. Phil. Trans. R. Soc. Lond. B. 305:549-560. 

____ • and E. Thornelof. 1988. Operational liming of surface waters in Sweden. Water, 
Air, and Soil Pollution 41 :3-16. 

Nygaard. G. 1949. Hydrobiological studies on some Danish ponds and Jakes. Kgl. D. Vid. selsk. 
Brd. Skr. 7(1):1-291. 

Orth, D.J., and L.A. Helfrich. 1987. Hydromorphological, chemical, and biological studies of Flat 
Top Lake, West Virginia: II. Experimental application of lime. A proposal to Flat Top Lake 
Owners Association. Department of Fisheries and Wildlife Sciences. Virginia Polytechnic 
Institute and State University. Blacksburg, Virginia. 

Osgood, R.A. 1983. Using differences among Carlson's trophic state index values in regional 
water quality assessment. Water Resources Bulletin 18:67-74. 

Overrein, L.N., H.M. Seip, and A. Tollan. 1980. Acid precipitation - Effects on forest and fish. 
Final report of the SNSF project 1972-1980. S.NSF project. Oslo, Norway. 

Pace, M.L., and J.D. Orcutt, Jr. 1981. The relative importance of protozoans, rotifers, and 
crustaceans in a freshwater zooplankton community. Limnology and Oceanography 
26:822-830. 

Pamatmat, M.M. 1960. The effects of basic slag and agricultural limestone on the chemistry 
and productivity of fertilized ponds. M.S. thesis. Auburn University. Auburn, Alabama. 

Pannella, G. 1971. Fish otoliths: Daily growth layers and periodical patterns. Science 
173:1124-1127. 

____ . 1974. Otolith growth patterns: An aid in age determination in temperate and 
tropical fishes. Pages 28-39 in T.B. Bagenal, editor. The aging of fish. Unwin Brothers, Ltd. 
Surrey. 

____ . 1980. Growth patterns in fish sagittae. Pages 519-560 in D.C. Rhoads and RA. 
Lutz, editors. Skeletal growth of aquatic organisms: Biological records of environmental 
change. Plenum Press. New York. 

Payer, R.D. 1983. Indexing Minnesota fish fakes relative to potential susceptibility to acidic 
deposition. Minnesota Department of Natural Resources. St. Paul, MN. 

Literature Cited 125 



Pillai, V.K., and C.E. Boyd. 1985. A simple method for calculating liming rates for fish ponds. 
Aquaculture 46:157-162. 

Porcella, D.B. 1988. An update on the lake acidification mitigation project (LAMP). Water, Air, 
and Soil Pollution 41:43-51. 

____ . 1989. Lake acidification mitigation project {LAMP): An overview of an ecosystem 
perturbation experiment. Canadian Journal of Fisheries and Aquatic Sciences 46:246-248. 

Porter, K.G. 1977. The plant-animal interface in freshwater ecosystems. American Scientist 
65:159-170. 

Prescott, G.W. 1962. Algae of the western great lakes area. W.C. Brown Company Publishers. 
Dubuque, Iowa. 

____ . 1978. How to know the freshwater algae. 3rd ed. W.C. Brown Company 
Publishers. Dubuque, Iowa. 

Reynolds, C.S. 1984. The ecology of freshwater phytoplankton. Cambridge University Press. 
New York. 

Rosseland, 8.0., O.K. Skogheim, H. Abrahamsen, D. Matzow. 1986a. Limestone slurry 
reduces physiological stress and increases survival of Atlantic Salmon (Sa/mo sa/ar) in 
an acidic Norwegian river. Canadian Journal of Fisheries and Aquatic Sciences 
43:1888-1893. 

____ , O.K. Skogheim, and I.H. Sevaldrud. 1986b. Acid deposition and its effects in nordic 
Europe. Damage to fish populations in Scandinavia continue to apace. Water, Air, and Soil 
Pollution 30:65-74. 

Ruttner, F. 1963. Fundamentals of limnology. 3rd ed. University of Toronto Press. Toronto. 

Saunders, W.P., D.L. Britt, J.D. Kinsman, J. DePinto, P. Rodgers, S. Erner, H. Sverdrup, and 
P. Warfvinge. 1985. APMP guidance manual volume I: APMP research requirements. U.S. 
Fish and Wildlife Service. Eastern Energy and Land Use Team. Biol. Report 80{40.24). 

Schaffner, W.R. 1989. Effects of neutralization and addition of brook trout {Salvelinus 
fontinalis) on the fimnetic zooplankton communities of two acidic lakes. Canadian Journal 
of Fisheries and Aquatic Sciences 46:295-305. 

Scheider, W., and P.J. Dillon. 1976. Neutralization and fertilization of acidified lakes near 
Sudbury, Ontario. Water Pollution Research Canada 11 :93-100. 

____ , J. Adamski, and M. Paylor. 1975. Reclamation of acidified lakes near Sudbury, 
Ontario. Ontario Ministry of Environment. Rexdale. Ont. 

Schindler, D.W. 1988. Effects of acid rain on freshwater ecosystems. Science 239:149-157. 

____ , and E.J. Fee. 1973. Diurnal variation of dissolved inorganic carbon and its use in 
estimating primary productivity and CO2 invasion in lake 227. Journal of the Fisheries 
Research Board of Canada 30:1501-1510. 

Scholfield, C.L. 1976. Acid precipitation: Effects on fish. Ambia 5:228-230. 

Literature Cited 126 



____ . S.P. Gloss, 8. Plonski, and R. Spateholts. 1989. Production and growth efficiency 
of brook trout (Sa/velinus fontinalis) in two Adirondack mountain (New York) lakes 
following liming. Canadian Journal of Fisheries and Aquatic Sciences 46:333-341. 

Schreiber, R.K. 1988. Cooperative federal-state liming research on surface waters impacted 
by acidic deposition. Water, Air, and Soil Pollution 41:53-73. 

____ . and P.J. Rago. 1984. The federal plan for mitigation of acid precipitation effects in 
the United States: Opportunities for basic and applied research. Fisheries 9:31-35. 

Sevaldrud, I.H., I.P. Muniz, and S. Kalvenes. 1980. Loss of fish populations in southern Norway. 
Dynamics and magnitude of the problem. In D. Drablos and A. Tollan, editors. Ecological 
impact of acidic precipitation. SNSF-project. 

____ , O.K. Skogheim. 1986. Changes in fish populations in southernmost Norway during 
the last decade. Water, Air, and Soil Pollution 30:381-386. 

Sheehan, R.J., and P.M. Leonard. 1986. An assessment of the sport fishery, water quality, and 
weed problem of Flat Top Lake, West Virginia. Report to Flat Top Lake Owners 
Association. Department of Fisheries and Wildlife Sciences. Virginia Polytechnic Institute 
and State University. Blacksburg, Virginia. 

Simmons. R. 1982. Acid rain-Environmental crisis of the eighties. Pages 7-11 in T.A. Haines 
and R.E. Johnson, editors. Acid rain/fisheries. American Fisheries Society. Bethesda, 
Maryland. 

Smith, S.M. 1989. The influence of submerged aquatic vegetation on trophic relationships of 
largemouth bass. M.S. thesis. Virginia Polytechnic Institute and State University. 
Blacksburg, Virginia. 

Smith, V. 1982. The nitrogen and phosphorus dependence of algal biomass in lakes: An 
empirical and theoretical analysis. Limnology and Oceanography 27:1101-1112. 

Snow, J.R., and R.O. Jones. 1959. Some effects of lime applications to warm-water hatchery 
ponds. Proc. Annual Conf. S.E. Association Game and Fish Comm. 13:95-101. 

Sondergaard, M., and L.M. Jensen. 1986. Phytoplankton. Chapter 3 in B. Riemann and M. 
Sondergaard (editors). Carbon dynamics in eutrophic, temperate lakes. Elsevier Science 
Publishers. New York. 

Stress, R.G., and A.D. Hasler. 1960. Some lime-induced changed in lake metabolism. 
Limnology and Oceanography 5:265-272. 

Sverdrup, H. 1983. Lake liming. Chemica Scripta 22:12-18. 

____ . 1986. A Scandinavian model used to predict the reacidification of limed lakes in 
Nova Scotia and Ontario, Canada. Water, Air, and Soil Pollution 31 :689-707. 

____ , and P. Warfvinge. 1985. A re acidification model for acidified lakes neutralized with 
calcite. Water Resources Research 21:1374-1380. 

____ , and P. Warfvinge. 1988. Lake liming in different types of acid lakes using various 
types of calcite powders and methods. Water, Air, and Soil Pollution 41:189-222. 

Taubert, B.D., and D.W. Coble. 1977. Daily rings in otoliths of three species of Lepomis and 
Ti/apia mossambica. Journal of the Fisheries Research Board of Canada 34:332-340. 

Literature Cited 127 



Thomaston, W.W, and H.D. Zeller. 1961. Results of a six-year investigation of chemical soil and 
water analysis and lime treatment in Georgia fish ponds. Proc. Annual Conf. S.E. 
Association Game and Fish Comm. 15:236-245. 

Thorton, J.D., S.A. Heiskary, R.D. Payer, and J. Matta. 1982. Acid precipitation in Minnesota: 
Report to the legislative commission on Minnesota resources. Minnesota Pollution 
Control Agency. St. Paul, MN. 

Tonnessen, K.A. 1984. Potential for aquatic ecosystem acidification in the Sierra Nevada, 
California. Chapter 9 in G.R. Hendrey, editor. Early biotic responses to advancing lake 
acidification. Butterworth Publishers. Boston. 

U.S. Department of Agriculture. 1975. Soil survey of Fayette and Rafeight Counties, West 
Virginia. Washington, D.C. 

U.S. Environmental Protection Agency. 1985. National surface water survey, Eastern lake 
survey phase I - Synoptic chemistry. Poster presentation at the International Symposium 
Acidic Precipitation. Muskoka, Ontario, Canada. 15-20 September 1985. 

Vernon, LP. 1960. Spectrophotometric determination of chlorophyll and pheophytins in plant 
extracts. Anal. Chem. 32:1144. 

Vollenweider, RA. 1969. A manual on methods of measuring primary production in aquatic 
environments. Blackwell Scientific Publications. Oxford and Edinburgh. 

Walker, Jr., W.W. 1984. Trophic state indices in reservoirs. Pages 435-439 in Lake and 
Reservoir Management. Proc. 3rd Annu. Conf. N. Am. Lake Mgt. Soc. October 18-20, 1983. 
Knoxville, TN. U.S. EPA. Washington, D.C. EPA 440/5-84-001. 

Waters, T.F. 1956. The effects of lime application to acid bog lakes in northern Michigan. 
Transactions of the American Fisheries Society 86:329-344. 

____ , and R.C. Ball. 1957. Lime application to a soft-water, unproductive lake in northern 
Michigan. Journal of Wildlife Management 21:385-391. 

Werner, R.G. 1967. lntralacustrine movement of bluegill fry in Crane Lake, Indiana. 
Transactions of the American Fisheries Society 96:416-420. 

____ . 1969. Ecology of limnetic bluegill (Lepomis macrochirus) fry in Crane Lake, 
Indiana. American Midland Naturalist 81:164-181. 

Wetzel, R.G. 1975. Limnology. Saunders College Publishing. New York. 

----· 1983. Limnology. Saunders College Publishing. Chicago. 

____ , and G.E. Likens. 1979. Limnofogical analysis. Saunders Co. Philadelphia. 

Wiener, J.G. 1983. Comparative analyses of fish populations in naturally acidic and 
circumneutral lakes in northern Wisconsin. U.S. Fish and Wildlife Service. Eastern Energy 
and Land Use Team. FWS/OBS-80/40.16. 

Wilcox, G.R., and J. Decosta. 1984. Bag experiments on the effect of phosphorus and base 
additions on the algal biomass and species composition of an acid lake. Int. Revue ges. 
Hydro biol. 69: 173-199. 

Literature Cited 128 



Williams, T.G .• and D.H. Turpin. 1987. Photosynthetic kinetics determine the outcome of 
competition for dissolved inorganic carbon be freshwater microalgae: Implications for 
acidified lakes. Oecologia 73:307-311. 

Wisniewski, J., and E.L. Kietz. 1982. Acid rain deposition patterns in the continental United 
States. Water, Air, and Soil Pollution 18:1-13. 

Yan, N.D. 1985. Biological effects of acidification: IV - Delayed recovery of zooplankton in 
neutralized lakes near Sudbury, Ontario. Poster paper at the International Symposium 
on Acidic Precipitation. 15-20 September. Muskoka, Ontario, Canada. 

____ , and P. Dillon. 1981. Neutralization. Chapter 2 in Studies of lakes and watersheds 
near Sudbury, Ontario. Ontario Ministry of the Environment. Rexdale, Ontario. 

____ , and P. Dillon. 1984. Experimental neutralization of lakes near Sudbury, Ontario. 
Chapter 7 in J. Nriagu, editor. Environmental Impact of Smelters. John Wiley and Sons, 
Inc. Toronto, Ontario, Canada. 

Young, T.C., J.V. DePinto, J.R. Rhea, and R.D. Scheffe. 1989. Calcite dose selection, treatment 
efficiency, and residual calcite fate after whole lake neutralization. Canadian Journal of 
Fisheries and Aquatic Sciences 46:315-322. 

Literature Cited 129 



Appendices 

Appendices 130 



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

West East West East 

Date Site 1 Site 2 Site 3 Site 4 Site 5 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/S/87 1.5 10.S 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 12.90 12.79 
(0.14) (O.S7) 

7/10/87 11.7S 12.38 13.5 12.25 12.13 12.38 12.54 12.25 
(0.51) (0.07) 

x 10.33 11.41 12.10 9.92 11.40 11.22 11.28 10.85 
(1.27) (0.77) (0.59) (1.37) (1.00) (0.87) (0.52) (0.61) 

Post-Treatment 

7/20/87 17.88 15.38 15.25 20.25 20.0 25.5 16.17 21.92 
(0.86) (1.79) 

7/24/87 17.S 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.S 26.75 17.96 22.0 
(0.42) (2.38) 

8/10/87 22.25 17.S 18.25 21.25 23.75 23.0 19.33 22.67 
(1.47) (0.74) 

9/3/87 24.38 25.38 22.S 24.75 23.38 25.13 24.09 24.42 
(0.84) (0.53) 

10/1/87 26.25 26.0 26.0 26.S 27.0 27.75 26.08 27.08 
(0.08) (0.36) 

11/18/87 27.0 26.S 24.25 26.75 26.38 26.88 25.92 26.67 

x (0.85) (0.15) 
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) (2.13) (1.94) (2.27) (1.03) (1.20) 
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Appendix 2. Site·specific and mean arm pH values (SE). Values are the mean of I and 
3 m samples taken at each site. 

West East West East 

Date Site I Site 2 Site 3 Site 4 Site 5 Site 6 x x 
Pre-Treatment 

5/29/87 6.69 6.68 6.54 6.83 6.88 6.8S 6.64 6.8S 
(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 6.95 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 
(0.11) (0.05) 

x 6.86 6.81 6.8S 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 
(0.03) (0.07) 

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

8/10/87 6.95 7.06 7.15 7.16 7.10 7.05 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 7.25 7.25 7.23 7.30 7.18 7.23 7.24 

x (0.02) (0.03) 
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 
(0.06) (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 (µg 0 2 L- 1 b- 1
) (SE). Values are 

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

West East West East 

Date lm I 't,m 2m 2Y2m 3m lm I Y2m 2m 2Y2m 3m x x 
Pre-Treatment 

S/29/87 so so 60 30 40 60 40 40 so 60 50 50 
(5.0) (5.0) 

6/5/87 70 50 so 40 60 70 60 40 50 60 50 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 3S 44 26 29 38 39 
(8.1) (6.0) 

6/29/87 41 32 41 39 29 26 4S 26 28 45 36 34 
(2.5) (4.5) 

7 /10/87 45 50 40 25 30 S7 34 32 21 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.S) (4.8) (3.6) (4.8) (7.3) (2.S) (2.7) 

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 
(l.9) (4.3) 

8/7/87 48 41 22 27 32 S9 3S 43 39 30 34 41 
(4.7) (4.9) 

9/3/87 39 37 22 64 34 38 19 S2 43 19 39 34 
(6.9) (6.6) 

10/1/87 34 42 37 20 34 29 31 31 42 IO 33 29 
(3.7) (5.2) 

11/18/87 54 26 Sl 56 51 59 44 51 39 69 48 52 
(5.5) (5.3) 

X 41 36 30 37 35 43 30 41 38 33 36 37 
(4.0) (2.7) (4.9) (7.7) (3.3) (5.3) (4.9) (4.0) (4.9) (8.4) (2.1) (2.5) 

Overall X 45 37 38 3S 34 46 35 38 36 37 38 38 
(3.8) (3.0) (3.7) (3.9) (3.4) (4.5) (3.6) (2.8) (3.3) (S.i) (1.6) (1.8) 
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Appendix 4. Site-specific and mean arm chlorophyll a values (mg/m 3
). Values are the mean of 

duplicate samples at each site. 

West East West East 

Date Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 x x 
Pre· Treatment 

S/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.S9 2.63 2.77 1.94 2.00 3.67 2.66 2.54 
(O.OS) (0.57) 

6/29/87 1.99 2.58 3.69 1.73 1.81 3.39 2.15 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 2.60 2.55 
(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 3.22 3.62 2.30 2.86 3.00 2.92 2.72 
(0.51) (0.21) 

8/7/87 2.21 2.78 3.87 2.13 3.17 4.72 2.95 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.SS 2.49 2.98 2.74 2.82 2.74 
(0.19) (0.14) 

11/18/87 S.15 5.34 S.42 5.65 5.54 4.50 5.50 5.23 

x (0.13) (0.37) 
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 2.93 2.81 
(0.36) (0.30) (0.30) (0.36) (0.36) (0.34) (0.19) (0.21) 
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Appendix 5. Site-specific and mean arm Secchi disk depth (m) (SE). 

West East West East 

Date Site I Site 2 Site 3 Site 4 Site S Site 6 x x 
Pre-Treatment 

S/29/81 4.52 3.89 3.35 4.34 4.52 >3.66 3.92 4.17 
(0.34) (0.26) 

6/5/87 2.95 2.79 2.67 3.15 3.07 2.57 2.80 2.93 
(0.08) (0.18) 

6/12/87 3.68 3.12 2.95 2.97 2.57 2.01 3.25 2.52 
(0.22) (0.28) 

6/16/87 3.45 2.87 2.59 3.71 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) (0.29) (0.24) (0.18) (0.21) 

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 3.12 4.79 3.45 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 3.20 3.48 3.66 3.09 3.45 
(0.10) (0.13) 

11/18/87 3.00 2.49 2.87 2.82 2.90 2.87 2.79 2.86 

x (0.15) (0.02) 
3.56 2.91 2.81 3.84 3.42 2.94 3.09 3.40 

(0.20) (0.14) (0.13) (0.29) (0.22) (0.19) (0.12) (0.16) 

Overall X 3.82 3.09 2.81 3.90 3.44 2.81 3.24 3.38 
(0.20) (0.12) (0.09) (0.22) (0.17) (0.15) (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 S Site 6 
Date Group #/L #/L #/L #/L #/L #/L #/L 

6/S/87 Chrysophyta 
Dinobryon spp. 919.2 (S4.9) 108.8 (44.4) 15.6 (1 S.6) 347.9 (286.9) 957.8 (100.8) 413.S {174.3) 3S9.4 (9.33) 
Synura spp. 23.3 (20.4) 1 S.3 {15.3) 15.6 (15.6) 18.1 (2.62) 0.0 (0.0) 0.0 (0.0) 13.2 (13.2) 
U roglenopsis spp. 1.4 (1.4) 0.0 (0.0) 0.0 (0.0) 0.5 (0.47) 1S.8 (1 S.8) 0.0 (0.0) 0.0 (0.0) 
SurireUa spp. 0.0 (0.0) 3.8 (3.8) 34.4 (34.4) 12.7 (10.9) 0.0 (0.0) 0.0 (0.0) 29.2 (29.2) 
Tabellaria spp. 0.0 (0.0) 0.0 (0.0) 17.2 (17.2) 5.7 (S.73) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
Asterionella spp. 2.4 (2.4) 0.0 (0.0) 0.0 (0.0) 0.8 (0.8) 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) 
TOTAL 946.3 (62.3) 127.9 (63.6) 82.8 (20.S) 385.7 (280.6) 973.6 (116.7) 413.2 (174.3) 401.8 (5.45) 

Chlorophyta 
Oesmidium 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) 
Staurastrum spp. 7.3 (7.3) 0.0 (0.0) 17.2 (17.2) 8.2 (4.98) 0.0 (0.0) 2.8 (2.78) 0.0 (0.0) 
Closterium spp. 0.0 (0.0) 0.0 (0.0) 155.0 (155.0) SJ.7 (51.7) 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) S.7 (S.73) 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) 
Closteridium spp. 0.0 (0.0) 0.0 (0.0) )7.2 (17.2) S.7 (5.73) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
Pcdiastrum 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) 
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) 
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) 
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) 
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) 
TOTAL 7.3 (7.27) 10.7 (10.7) 7S4.4 (692.0) 2S7.S (248.5) 0.0 (0.0) 464.4 (458.8) 0.0 (0.0) 

Pyrrhophyta 
Ceralium spp. 4 t.8 (1.91) 72.8 (34.5) 112.5 (43.6) 75.7 (20.S) 32.8 ()4.6) 2.8 (2.78) 13.2 (13.2) 
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) 
TOTAL 41.8 (1.91) 72.8 (34.5) 112.5 (43.6) 75.7 (20.S) 32.8 (14.6) 2.8 (2.78) 13.2 (13.2) 

Cyanophyta 
Anabaena spp. 107.2 (29.7) 562.3 (219.l) 1603.2 (19.0) 757.6 (442.8) 386.8 (23.4) 287.9 (215.7) 584.2 (57.6) 
TOTAL 107.2 (29.7) 562.3 (219.1) )603.2 (19.0) 757.6 (442.8) 386.8 (23.4) 287.9 (215.7) S84.2 (S7.6) 

TOTAL 1 I02.6 (55.7) 773.7 (237.5) 2552.9 (649.9) 1476.4 (S46.6) 1393.2 (107.9) 1168.3 (846.0) 999.2 (51.0) 

#/L 

S76.8 (191.1) 
4.4 (4.4) 
5.3 (5.27) 
9.7 (9.73) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 

596.2 (188.7) 

153.9 { I 53.9) 
0.9 (0.93) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 

tS4.8 (IS4.8) 

16.3 (8.79) 
0.0 (0.0) 

16.3 (8.79) 

419.6 (87.1) 
419.6 (87.)) 

1186.9 (114.1) 
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tD Appendix 6, cont. Net phytoplankton (#/L). For site estimates (SE) from the duplicate tows and for arm means (SE) from site means. ::, 
Q. n • West Arm East Arm • 

Site 1 Site 2 Site 3 Site 4 Site S Site 6 
Date Group #/L #/L #/L #/L #/L #/L #/L #/L 

6/29/87 Chrysophyta 
Dinobryon spp. 1747.6 (236.0) 236S.9 (215.7) 28 t S.2 ( 14S.5) 2309.6 (309.S) 1467.6 (759.7) 1689.8 (248.4) 1908.9 (48.7) 1688.8 (127.4) 
Synura spp. 67.2 (49.5) 1394.0 (1306.4) 183.0 (21.2) S48.I (424.3) 388.3 (353.6) 29.8 (29.8) 66.3 (1.41) 161.5 (I 13.9) 
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) JS.2 (IS.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 (4.44) 7.7 (0.93) 14.0 (8.33) 42.8 (9.03) 2) .S (10.8) 
Asterionella spp. 0.0 (0.0) 0.0 (0.0) S.1 (S.l) 1.7 (1.70) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
Stauroncis 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.S (286.4) 3784.9 (1 I 15.8) 3033.7 (131.4) 2881.0 (S71.0) 1867.9 (411.4) 1737.3 (290.3) 2084.2 (55.0) 1896.S (IOl.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) 26.9 (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) 2.4 (2.43) 0.0 (0.0) 9.S (2.0) 6.S (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 (S.J) J.7 (1.10) 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 (S.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 (2.17) 
Spirogyra spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
TOTAL 33.6 (l.80) 30.2 (13.6) 39.3 (19.1) 34.4 (2.65) 77.0 (25.1) 37.8 (7.98) 1740.4 (167S.6) 618.4 (S61.1) 

PyrThophyta 
Ceratium spp. 514.S (196.2) 1212.6 (12.5) 1288.7 (388.6) JOOS.3 (246.4) 26S.9 (S4.9) 488.9 (100.0) 37S.4 (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) o.o (0.0) 
TOTAL 514.S (196.2) 1212.6 (12.5) )288.7 (388.6) 1005.3 (246.4) 265.9 (S4.9) 488.9 (100.0) 375.4 (64.3) 376.7 (64.4) 

Cyanophyta 
Anabaena spp. 80.S (36.3) 33.3 (33.3) S.1 (S.OS) 39.6 (22.0) 86.0 (18.0) 14.3 (14.3) 16.9 (16.9) 39.1 (23.S) 
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 24S3.J (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. Nel 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 

7/21 /87 Chrysophyta 
Dinobryon spp. 358.2 (56.7) 191.S (16.2) 197.0 (17.7) 248.9 (S4.7) S14.9 (170.5) 299.1 (52.3) 241.6 (10.7) 
Synura spp. 6.3 (1.20) 0.0 (0.0) S.8 (S.80) 4.0 (2.02) 6.S (0.42) 15.9 () 5.9) 9.0 (0.57) 
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) 
Surirella spp. 0.0 (0.0) 0.0 (0.0) 14.8 (8.40) 4.9 (4.93) 0.0 (0.0) 15.9 (J 5.9) 4.2 (4.20) 
Tabellaria spp. 0.0 (0.0) 3.3 (3.25) 2.9 (2.90) 2.1 (1.04) 0.0 (0.0) 3.2 (3.20) 9.0 (0.60) 
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) 
Stauroneis spp. 0.0 (0.0) 0.0 (0.0) S.8 (5.80) 1.9 (1.93) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
TOTAL 369.6 (60.6) 198.l (22.7) 229.5 (37.5) 265.7 (S2.7) 540.2 (175.2) 34 J.4 (22.8) 277 .6 (8.38) 

Chlorophyta 
Desmidium spp. 3.8 (3.78) 19.S (13.0) 0.0 (0.0) 7.8 (S.97) 0.0 (0.0) 3.8 (3.80) 9.0 (0.60) 
Staurastrum spp. I SS.8 (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) 
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) 
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) 
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) 
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) 
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) 
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) 
M icrasterias 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) 
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) 
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) 
TOTAL 161.S (33.3) 227.3 (39.0) 251.6 (21.2) 213.S (26.9) 228.7 (35.9) 196.2 (10.9) 182.1 (28.3) 

Pyrrhophyta 
Ceratium spp. 74.3 (2.60) 61.7 (22.7) 11.6 (11.6) 49.2 (19.1) 83.8 (42.S) 110.1 {1.48) 79.9 {12.6) 
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) 
TOTAL 74.3 (2.60) 61.7 (22.7) 11.6 (11.6) 49.2 (19.1) 83.8 (42.S) 110.1 (1.48) 79.9 (12.6) 

Cyanophyla 
Anabacna 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) 
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) 

TOTAL 60S.4 (96.4) 487.1 (6.48) 499.1 (63.9) 530.S (37.6) 8S2.7 (253.S) 647 .7 (10.S) S44.4 (44.4) 

3Sl.9 (83.2) 
10.S (2.81) 
11.7 (3.64) 
6.7 (4.76) 
4.) (2.63) 
1.6 (1.60) 
0.0 (0.0) 

386.4 (79 .1) 

4.3 (2.61) 
195.3 (17.7) 

0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
2.7 (1.41) 
0.0 (0.0) 
0.0 (0.0) 

202.3 (13.8) 

91.3 (9.48) 
0.0 (0.0) 

91.3 (9.48) 

1.6 (1.60) 
1.6 (1.60) 

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 Sile S Site 6 

Date Group #/L #/L #/L #/L #/L #/L #/L 

9/3/87 Chrysophyta 
Dinobryon spp. 579.4 (160.7) 1392.2 (43.6} )659.3 (602.6} )2)0.3 (324.7) Sl 1.8 (98.9) 914.) (4.52) 581.2 (7 .07) 
Synura spp. 65.4 (14.7) 20.7 (12.0} JS.S (15.6) 33.9 (1S.8) 79.7 (22.1) 19.3 (12.6) 31.0 (14.9) 
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) 
S urireJla 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) 7.7 (7.65) 
Tabellaria spp. 0.0 (0.0) 0.0 (0.0) 29.8 (22.0) 9.9 (9.93) 4.7 (0.08) 3.3 {3.32) 4.0 (4.03) 
Asterionella spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 2.l (2.33) 6.0 (0.68) 3.8 (3.83) 
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) 
TOTAL 655.0 ( 172.8) 1415.1 (53.4) J712.4 (601.3) 1260.8 (314.8) 603.2 {123.l) 952.0 (9. I 0) 631.S (19.1) 

Chlorophyta 
Desmidium spp. 19.3 (1 S.1) 29.4 (29.4) 175.7 (152.4) 74.8 {50.S) 4.6 (4.63) 6.0 (0.68) 19.1 (19.1) 
Staurastrum spp. 274. 7 (80.1) 541.9 (25.9) 589.6 (14.7) 468.7 (98.0) 30 l.S ( 133.4) S12.4 (167.2) 387.6 (41.l) 
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) 
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) 
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) 
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) 
Pediastrum spp. 0.0 (0.0) 0.0 (0.0) 15.5 (15.S) S.2 (5.17) 0.0 (0.0) 3.3 (3.33) 3.8 (3.83) 
Scenedesmus spp. 0.0 (0.0) 0.0 (0.0) 34.S (34.S) 11.S (11.S) 0.0 (0.0) 3.3 (3.33) 0.0 (0.0) 
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) 
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) 
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) 
Pleurotaeruum spp. 0.0 (0.0) 0.0 (0.0) 67.4 (36.3) 22.S (22.5) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
TOTAL 299.7 (100.9) 580.1 (59.6) 1036.8 (27S.4) 638.9 (214.8) 31S.4 (147.3) 534.4 (155.9) 418.S (S6.0) 

Pyrrhophyta 
Ceratium spp. 7.9 (3.61) I 5.2 (2.12) 3.9 (3.89) 9.0 (3.31) 16.3 (11.S) 10.0 (9.97) 3.8 (3.82) 
Cystodinium spp. 0.0 (0.0) 0.0 (0.0) 17.3 (17.3) S.8 (S.77) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
TOTAL 7.9 (3.61) 15.2 (2.12) 21.2 (13.4) 14.8 (3.8S) 16.3 (11.S) 10.0 (9.97) 3.8 (3.82) 

Cyanophyta 
Anabaena spp. 997.9 (16.8) 1529.6 (402.1) 3069.1 (582.7) 186S.S (621.0) 260.3 (63.S) 1005.7 (29.7) 639.8 (156.3) 
TOTAL 997.9 (16.8) 1S29.6 (402.J) 3069.1 (582.7) 186S.S (621.0) 260.3 (63.S) 1005.7 (29.7) 639.8 (156.3) 

TOTAL 1960.S (294.1) 3540.0 (512.9) S839.5 (307.4) 3780.0 (1126.2) 119S.2 (34S.S) 2S02.1 ( 184. 7) 1693.6 (235.3) 

#/L 

669.0 (124.2) 
43.3 (18.S) 

4.8 (0.64) 
3.7 (2.23) 
4.0 (0.40) 
4.0 (1.07) 
0.0 (0.0) 

728.9 ( 111.8) 

9.9 (4.62) 
400.5 (61.2) 

3.6 (1.95) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 
2.4 (1.19) 
1.1 (1.10) 
5.3 (2.02) 
0.0 (0.0) 
0.0 (0.0) 
0.0 (0.0) 

422.8 (63.3) 

10.0 (3.61) 
0.0 (0.0) 

10.0 (3.61) 

635.3 (215.2) 
635.3 (215.2) 

1797 .0 (380.8) 
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• Appellclix 7. Nannoplankton (#/cm 1). for site estimates (SE) rrom the duplicate samples and for arm means (SE) from site means . 
::r a.. 
c;· West Arm li.ast Arm • Site I Site2 Site 3 Site4 Site S • Site 6 

D1te Group #/1. #IL #/L 11/L #/L #/L #IL #/L 

S/29/87 0rysop•yt• 
Centric: diatoms lllS.O (75.0) 3765.0 (445.0) 423S.O (lOS.O) 360&.3 (414.S) 1369.0 (.571.0) 1700.0 (SO.O) 972.5 (47.5) 1347.2 (210.3) 
Pennate diatoms 1435.0 (l9S.O) 219S.O (411$.0) 2970.0 (S20.0) 2200.0 (443.1) 161.5 (119.S) 2420.0 (420.0) 745.S (190.5) 1311.0 (S54.S) 
Dinobryon IPP·' 133.0 (133.0) 403.0 (4S.O) 111.0 (111.0} 239.0 (13.2) 776.5 (333.S) S65.0 (167.0) 490.S (64.5) 610.7 (15.7) 
Dinobryon spp.1 89.7 (0.9$) 134.3 (44. 7) 90.5 (90.S) 104.1 (14.7) 90.S (1.90) 112.3 (92.1) US.I (SO.O) 136.0 (26.5) 
TOTAL 4482.7 (138.0) 6497.3 (149.7) 7476.5 (43.5) 61Sl.2 (181.3) 3003.6 (716.9) 4867.3 (629.8) l343.6 (123.6) 3404.8 (755.6) 

Oiloropllyfa 
Oocystis spp. 0.0 (0.0) 0.0 (0.0) 90.J (0.50) 30.0 (30.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 {0.0) 
Tetraedron aud1tum 0.0 (0.0) 44.I (44.8) 44.8 (44.B) 29.9 (14.9) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
Tetraedron lunula 1345.0 (255.0) 1790.0 (180.0) 2390.0 (420.0) 1141.7 (302.8) ll7S.0 (65.0) 124.5 (275.5) 110..5 (299.5) 936.7 (119.2) 
Selenartrum minutum 177.S (17'1.5) 223.8 (134.2) 610.0 (680.0) 360.4 (160.3) 44.4 (44.4} 136.3 (46.8) o.o (0.0) 60.2 (40.1) 
Crudaema spp. 45.3 (4S.3) 44.8 (44.8) 44.& (44.1) 45.0 (0.17) 44.4 (44.4) 44.& (44.8) _JU (3. 70) S9.3 (14.7) 
Cblorosarcina spp. 44.4 (44.4) 0.0 (0.0) 0.0 (0.0) 14.I (14.1) 46.3 (46.3) 0.0 (0.0) o.o (0.0) IS.4 (15A) 
Staurastrum spp. 45.3 (45.3) 0.0 (0.0) 0.0 (0.0) JS.I (15.l) 0.0 (0.0) 0.0 (0.0) 46.3 (46.3) 15.4 (15.4) 
Sa!nedesmus !\'·' 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) o.o {0.0) 0.0 (0.0) 
Gloeocyst1s q,p. 453.0 (453.0) 0.0 (0.0) 0.0 (0.0) 151.0 (151.0} o.o (0.0) 255.5 (lSS.5) 195.0 (895.0) 313.5 (266.2) 
Gemellicysl1s spp. • lSlS.O (lSlS.O) 0.0 (0.0) 0.0 (0.0) 841.7 (841.7) 266.0 (266.0) 0.0 (0.0) o.o (0.0) 11.7 (88.7) 
Treubaria spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 636.0 (104.0) 0.0 (0.0) o.o (0.0) 212.0 (212.0) 
Pedi11trum 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 q,p. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) o.o (0.0) 0.0 (0.0) 
Cosmarium spp. 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 
TOTAL 4635.S (2458.2) 2103.4 (403.1) 3249.7 (1010.9) 3329.6 (732.0) 2212.2 (262.6) 1261.l (529.0) ll40.6 (S4S.6} 1771.3 (276.7) 

Pyrnr:ipayt. 
DinoOagellates lll3.S (236.S) 224.0 (45.0) S40.S (2.50) 629.3 (263.4) 636.0 (104.0) 1255.0 (65.0) 1166.0 (704.0) 1019.0 (193.2) 
TOTAL 1123.S (236.S) 224.0 (4S.O) S40..S (2.50) 629.3 (263.4) 636.0 (104.0) 1255.0 {65.0) 1166.0 (704.0) 1019.0 (193.2) 

Cy-P'yt• 
An1baen1 spp. 0.0 (0.0) 89.6 (89.6) 0.0 (0.0) 29.9 (29.9) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0} 
Dactylococcopsis IPP· 0.0 (0.0) 89.5 (89.5) 0.0 (0.0} 29.1 (29.8) 0.0 (0.0) 44.1 (44.1) o.o (0.0) 14.9 ()4.9) 
TOTAL 0.0 (0.0) 179.l (179.1) 0.0 (0.0) S9.7 (59.7) o.o (0.0) 44.B (44.1) 0.0 (0.0) 14.9 (14.9) 

TOTAL 10241.7 (20l3.8) 9003.B (1209.0) 11266. 7 (969.9) 10170.11 (654.2} SISJ.1 (6ll.S) 74.ll.l (11.0) S3SO.l (1373.1) 6210.0 (626.l) 

'single lorica species 
2 multiple loria species 
1cell count 

-t 
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Appeadix 7, coal. Nannopl1nkton (11/cml). For site estimates (SE) from the duplicate samples and for arm means (SE) from site means. CD 
:::, 
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CD West Ann E11t Arm • Site I Site 2 Site 3 Site4 Site 5 Site 6 

Date Group #/L #/L #/L #/L #/L #/L #/L #/L 

7/10/87 Oryt,op1'yt1 
Centric diatoms 2135.0 (205.0) IOI.O (469.0) 1)90.0 (10.0) 1375.3 (396.l) BSI.O (4S.O) 117S.O (lS.O) llJS.O (43.S.O) 1413.7 (411.1) 
Pennate diatoms IJIS.0 (115.0) 877.0 (213.0) 1470.0 (200.0) llS4.0 (172.3) 893.S (266.S) 1130.0 (110.0) 1990.0 (120.0) 1337.8 (333.2) 
Dinobryon spp. 1 650.0 (115.0) 2810.0 (180.0) 3850.0 (SOO.O) 2436.7 (942.4) 1180.0 (360.0) l07S.O (775.0) lSBS.O (l~.O) 21110.0 (210.2) 
Dinobryon spp. i 13.S (13.S) 136.0 (136.0) 90..S (90.S) 103.3 (16.S) 134.S (44.7) 277 .0 (92.0) 91.5 (91.S) 167.6 (S6.l) 
TOTAL 3'83.5 (141.S) 4624.0 (638.0) 6600.5 (Sl9.S) 5069.3 (787.6) :mu (626.2) 4657.0 (9Sl.O) 6181.S (1451.S) S099.I (928.l6) 

CMoropllyta 
Oocysti1 spp. 299.0 (36.0) 434.0 (19.0) 781.0 (419.0) sou (143.6) I06.5 (89.5) SS3.S (I.SO) 648.0 (7.0) 669.3 (73.1) 
Tetniedrun c:audatum 217.4 (133.7) 268.0 (185.0) 136.1 (44.l) 207A (38.2) 134.3 (44.7) 46.3 (46.3) 278.S (9S.S) IS3.0 (82.9) 
Tetnedron lunul1 129.9 (46.2) 21S.O (34.0) 366.0 (4.0) 237.0 (69.0) 0.0 (0.0) 92.S (92.S) 232.B (141.3) 108.4 (67.7) 
Selenastrum minutum 345.0 (94.0) 1022.0 (38&.0) 187S.O (65.0) !080.7 (442.6) 492.S (134.S) 1246.S (413.5) 1950.0 (300.0) 1229.7 (420.8) 
Crucigeni1 spp. 145.S.O (IS.O) 1237.0 (S73.0) lllS.O (IOS.0) 1325.7 (66.1) 1250.0 (90.0) 14SS.O (25.0) 1295.0 (1S.0) 1333.3 (6l.2) 
Chloros1rcin1 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) 
Staurastrum spp. 21.3 (21.3) 44.4 (44.4) 0.0 (0.0) 21.9 (12.8) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
Scenedesmus spp. J 0.0 (0.0) 373..S (373.5) 0.0 (0.0) 124.5 (124.S) 0.0 (0.0) 0.0 (0.0) 4S.& (45.8) IS.3 (IS.3) 
Gloeocystis spp. 1 l490.0 (1700.0) l49.0 (249.0) 411.5 (4) l..S) 1050.2 (721.4) 198.S (181.S) 1435.0 (1435.0) 1245.0 (2.SO) 1192.1 (157.1) 
Gemellicystis spp. J SlO.S.O (209S.O) 14400.0 (300.0) 15850.0 (21SO.O) 11785.0 (3366.l) 6135.0 (315.0) 9265.0 (4935.0) 11850.0 (950.0) 90113.3 (1652.3) 
Treubaria spp. 43.9 (43.9) 41.S (41.S) 4S.3 (4S.3) 43.6 .. (1.11) 134.3 (44.7) 46.3 (46.3) 186.3 (94.8) 122.3 (40.9) 
Pediastrum spp. 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 46.8 (46.8) 15.6 (lS.6) 
Anlr.inrudesmus spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) o.o (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) 11240.0 (9.0) 207S0.6 (1688.0) 16358.6 (3219.3) 9BS1.I (899.9) 14140.l (2928.0) 17916.S (55S.l) 13969..2 (2329.11) 

Pyrdloph)'ta 
S44.7 Dmonagellates 319.0 (138.0) SJ3.0 (JSI.O) 732.0 (1.0) (100.3) 403.0 (4.S.O) 1360.0 (250.0) 1850.0 (70.0) 1204.3 (424.9) 

TOTAL 389.0 (138.0) .SIJ.O (lSl.O) 732.0 (8.0) 544.7 (100.3) 403.0 (45.0) 1360.0 (250.0) 1850.0 (70.0) 1204.3 (424.9) 

Cyaaopll)'la 
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) 0.0 (0.0) 
Dactylococcopsis spp. 263.S (263.S) 271.S (271.S) 90.S (90.S) 208.S (59.0) 988.0 (9l.O) 390.S (112..S) 880.0 (130.0) 752.8 (Ill.I) 
TOTAL 263.S (263.S) 271.S (l71.S) 90.S (90.S) 208..S (S9.0) 988.0 (92.0) 390.S (112.S) 880.0 (130.0) 752.8 (183.8) 

TOTAL 147ll.l (1234.7) 23648.S (149.S) 2&173.6 (1241.0) 221111.1 (39Sl.l) 1SOOU (1663.1) 20547.6 (1613.S) 27528.0 (306. 7) 21025.l (3624.l) 

1single lorica species 
lmulliple lorica species 
'cell oount 

..... .... -
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Appndix 7, CHt. Nannoplanlr:ton {#/an 1). For site ertimatu (SE) from tbe duplicate samples and for arm means (SE) from site means . • :a 
CL n • Wert Arm Bast Arm • Site I Site l Site 3 Site4 Si&eS Site 6 

Date Group 11/1.. #/L #/L #/L 11/L 11/L #/L #IL 
7/21/17 Cllrpopli)'t• 

Cen&ric diatoms IJ40.0 (100.0) SOl.O (0.0) lSIS.O (315.0) 1419.0 (SII.O) S3U (131.S) 1215.0 (125.0) 1369.0 (391.0) 1031.S (257.4) 
Pennate diatoms 299.0 (36.0) 628.0 (42.0) 167S.O (IOOS.O) 867.3 (414.9) 612.0 (141.0) 961.5 (201.S) l4lS.O (175.0) 1336.2 (558.6) 
Dinobryon IIJIP.1 1036.S (213.5) 460.S (41.S) 460.S (41.S) 71.1 (Sl.l) 1095.S (74.5) 1420.0 (250.0) 1450.0 (60.0) mu (113.S) 
Dinobryon IIJIP,a 173.4 (19.7) 0.0 (0.0) 41.9 (41.9) 71.1 (Sl.2) 0.0 (0.0) 0.0 (0.0) 40.1 (40.8) 13.6 (13.6) 
TOTAL 2748.9 (237.2) 1590.5 (83.5) 4692.4 (1256.7) 3019.6 (905.0) ll39.0 (lS4.0) 3596.S (583.S) Sl94.I (235.3) 3710.l (884.0) 

Olen,pll)11 
Oocystis spp. IS.I (2.0.S) 125.5 (125.5) 460.5 (41.S) 223.9 (l lU) 0.0 (0.0) 167.0 (0.0) lOl.3 (126.1) 125,1 (63.7) 
Tetraedron caudatum 11.0 (11.0) 13.S (13.S} 167.S (167.S) 113.0 (27.3) 157.0 (157.0) 125.S (125.5) 291.0 (lll.0) 191.2 (50.7) 
Tetrledron lunu11 0.0 (0.0) )lS.4 (41.7) 209.0 (42.0) 111.S (60.7) 39.3 (39.3) 0.0 (0.0) 40.I (40.8) 26.1 (13.4) 
Selenastrum minutum 213.S (37.S) 138.0 (252.0) 1255.0 (IS.O) 768.1 (302.6) 366.S (52.S) 419.0 (0.0) 623.S (297.S) 469. 7 (78.4) 
Crua1eni1 spp. 173.4 (89.7} 376.0 (125.0) . 376.S (125.S) 308.6 (67.6) 164.1 (16.2) 125.4 (41.7) 699.S (114.5) 329.9 (185.1) 
Chlorosardna IIJIP· 41.9 (41.9) 13.7 (0.0) 0.0 (0.0) 41.9 (24.l) 0.0 (0.0) 0.0 (0.0) 41.9 (41.9) 14.0 (14.0) 
Staurastrum IIJIP· 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 39.3 (39.3) 0.0 (0.0) 0.0 (0.0) 13.1 (13.1) 
Scenedesmus !\'· J 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 
Gloeocysiis IIIIP· 1614.S (Jl4S.S) lSI.O (251.0) 670.0 (670.0) 861.S (425.6) 2475.0 (1135.0) Sl4S.S (4S4S.S) 4935.0 (1265.0) 4221.S (878.)) 
Gemellicystis spp. • 335.0 (335.0) S4S.O (S4S.O) 1675.S (7S4.S) ISi.i (416.3) 2115.0 (1025.0) 34)0.0 (3!0.0) 497S.O (17DS.O) 3500.0 (826.8) 
Treub1ri1 spp. 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) 78.S (71.S) 0.0 (0.0) 0.0 (0.0) 26.l (26.2) 
Pediartrum spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 0.0 (0.0) 
Ankistrodnmus IIJIP. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 81.l (l.SS) 125.S (125.5) 0.0 (0.0) 68.9 (36.7) 
Cosm1rium 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 26.22.1 (1480.l) l4ll.l (1173.7) 4814.0 (1298.0) 3.218.J (765.0) 5516.6 (2332.9) 9626.9 (4277.l) 11815.0 ( 1.10) 19116.2 (1846.2) 

Pyntiopll)'t• 
Dinonagellat.es 462.4 (374.6) 627.5 (125.S) 79S.O (42.0) 621.3 (96.0) 447.5 (S4.S) 411.5 (13.5) 1068.0 (482.0) 644.7 (211.8) 
TOTAL 462.4 (374.6) 627.5 (125.S) 795.0 (4l.O) 621.3 (96.0) 447.S (S4.S) 411.S (83.S) 1068.0 (412.0) 644.7 (211.8) 

Cyaopllyt1 
Anab1en1 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) 
Dactyloa>cropSiS IIIIP• 0.0 (0.0) 0.0 (0.0) 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) o.o (0.0) 0.0 (0.0) 

TOTAL Sl33.4 (1617.6) 4646.1 (lllS.7) 10301.4 (1003.7) 6927.0 (1721.7) 1203.J (1924.4) 13641.9 (4944.l) 18177.& (247.9) 13341.0 (.2183.4) 

1single loria species 
2mulliple loria species 
~cell count 

s 
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,::, Apfaldtx ,. COllt. Nannoplantton (#/an 1). For site estimates (SE) from the duplicate samples and for arm mnns (SE) from site means • • :, 
CL n West Ann Bast Arm • • Site J Site 2 Site 3 Site 4 Site 5 Site 6 

Date Group #/L #/L #/L #/L #/L #IL #/L #/L 

IJ/3/87 Cllirysopllyt. 
Centric diatoms I0.5 (I0.5) 673.S (141.5) 888.S (46.5) 541.5 (241.6) 178.9 (90.1) 134.3 (44. 7) 272.0 (0.0) 19S.I (40.6) 
Pennate diatoms o.o (0.0) 1075.0 (IS.O) 1730.0 (230.0) 935.0 (504.3) 1023.0 (127.0) 806.0 (0.0) 1720.0 ( 1110.0) 1183.0 (27S.7) 
Dinobryon rpp. 1 161.0 (41.0) 2335.0 (295.0) 2435.0 (115.0) 1643.7 (741.9) 1740.0 ( 140.0) 1700.0 (90.0) 217S.O (4S5.0) 1871.7 (l.S2.I) 
Dinobryon spp. a 98.5 (98.S) 351.5 (3.50) 280.5 (280.5) l4S.I (77.0) 222.3 (132.7) 44.B (44.B) 4S.3 (45.l) 104.1 (.S9.l) 
TOTAL 340.0 (138.0) 4442.0 (45S.O) 5334.0 (649.0) 3372.0 (153'7.7) 3164.2 (29.6) 2615.1 (0.50) 4212.3 (680.3) 3353.9 (4S0.9) 

Cllloropllyt. 
Oocystis spp. 19.7 (19.7) 402.5 (40.5) 117.3 (93.8) 203.l (118.1) 133.9 (45.2) 134.3 (44.7) 111.l (90.8) 149.B (15.7) 
Tet.raedron c:audatum 19.8 (19.B) 171.3 (87.7) 46.1 (46.B) 81.6 (49.0) 223.0 (46.0) 89.5 (89.S) 271.S (90..S) 194.7 (54.4) 
Tetraedron lunula 64.0 (64.0) 404.S (138.5) 561.0 (374.0) 343.2 (146.7) 267.S (90.S) 44.8 (44.8) 4S.3 (4S.3) 119.2 (74.2) 
Selenastrum minutum 41.0 (41.0) 14&2.S (507.5) 1920.0 (330.0) 1147.1 (567.6) 356.0 (87 .0) 448.0 (179.0) 588.S (135.5) 464.l (67.6) 
Cruci&enia spp. 60.5 (60.S) 672.0 (38.0) S61.0 (374.0) 431.3 ()88.1) 44S.S (2.50) 134.3 (44.7) 971.S (428.5) 517.l (244.3) 
Chlorosarcina spp. 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) o.o (0.0) 0.0 (0.0) 4S.3 (45.3) IS.I (IS.I) 
Staurastrum spp. 21.3 (21.3) 44.4 (44.4) o.o (0.0) 21.9 (12.8) 11.S (88.S) 44.8 (44.1) 0.0 (0.0) 44.4 (25.S) 
Scenedesmu1 ~.J 630.0 (630.0) 18.5 (KB.S) 46.1 (46.I) 255.1 (Ul7.8) 1065.0 (1065.0) 0.0 (0.0) 90.S (90.S) 385.2 (340.9) 
Gloeocysus spp. 4035.0 (1885.0) 3170.0 (3170.0) 1125.0 (1125.0) 2776.7 (862.1) 0.0 (0.0) 1074.0 (716.0) 90.S (90.5) 388.2 (343.9) 
Gemellicystis spp. 1 2015.0 (2015.0) 9335.0 (9335.0) 5005.0 (325.0) 5475.0 (2106.0) 4905.0 (205.0) 501S.O (1165.0) 6725.0 (427S.O) SS4&.3 (S89.2) 
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) o.o (0.0) o.o (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) 
Ankistrode1mu1 spp. 0.0 (0.0) 44.4 (44.4) 0.0 (0.0) 14.8 (14.B) 88.S (811.S) 179.0 (179.0) 0.0 (0.0) 19.2 (Sl.7) 
Cosmanum spp. 170.0 (170.0) 0.0 (0.0) 0.0 (0.0) 56.1 (56.7) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 
TOTAL 7146.3 (3696.7) 15122.1 (5162.4) 9453.4 (1494.3) 10807.3 (2594.4) 1512.9 (919.9) 7298.0 (493.ll) 9009.4 (4749.3) 7960.l (530.6) 

Pyrrliopllyta 
Dinonagellates 359.S (11.5) 1124.S (415.5) 1545.0 (45.0) 1009.7 (347.0) 1023.0 (37.0) 161.S (134.5) 952.S (137.5) 912.l (78.l) 
TOTAL 359.S (11.S) 1124..S (415.5) 1545.0 (45.0) 1009.7 (347.0) 1023.0 (37.0) 761.5 (134.5) 952.5 (137.5) 912.3 (7&.I) 

Cya,pliyfa 
An1baen1 spp. 126.0 (126.0) 313.S (41.5) 608.0 (47.0) 349.l (140.3) 268.4 (179.7) 89.5 (19.S) 271.5 (90.S) 209.8 (60.2) 
Daayloroca:,psis spp. 0.0 (0.0) 312.0 (131.0) 280.5 (93.5) 197.5 (99.2) 134.5 (134.S) 179.0 (179.0) 136.0 (136.0) 149.8 (14.6) 
TOTAL 126.0 (126.0) 625.5 ( 17l.S) 888.5 (140.S) S46.7 (223.6) 40l.9 (45.l) 268.0 (90.0) 407.S (4S.5) 1S9..S (4S.8) 

TOTAL 7971.1 (3972.2) 22014.l (905.6) 17220.9 (2144.8) 15735.6 (4121.1) 12163.0 (692.3) 11013.1 (2060.7) 14581.7 (4433.1) 12515.9 (IOSl.7) 

1single lorica species 
2 multiple lorica species 
Joell munt 

-t 
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Afpetllix I. Temperature (·C) • dinolved oxypn (ml/L) data by depth . • :, 

A. a West Arm East Arm 
Site l Site 2 Site 3 Site 4 Site 5 Site 6 • Date Depth (m) D.O. Temp. D.O. D.O. D.O. Temp. D.0. Temp. D.O. Temp. Temp. Temp. 

S(l9/17 I 23.1 1.37 23.4 1.29 23.1 1.00 23.2 1.63 23.4 1.63 23.6 8.11 
2 22.S 1.49 23.1 8.21 23.6 1.03 22.7 1.63 ll.3 1.68 23.J 8.83 
3 l0.6 9.06 lo.6 us 21.1 7.74 lU 9.67 19.7 9.11 ll.l 9.44 
4 17.0 10.57 16.S 9.93 11.1 1.53 16.S 11.19 15.S )I.OJ 16.I ll.76 
s 12.3 7.13 13.0 3.52 12.7 8.83 13.5 1.53 
6 10.9 4.52 )8.9 S.11 
7 10.l 2.62 lo.l l.41 

6/6(17 l 22.6 1.01 22.S I.Ol 22.6 7.6& 22.1 1.14 22.2 1.14 22.3 8.27 
2 22.l 7.99 22.4 1.01 22.4 7.51 22.l 1.16 22.l I.II 22.3 1.25 
3 22.0 1.14 22.3 7.91 22.l 7.29 21.9 I.II 22.0 1.22 22.0 1.54 
4 17.6 9.69 18.9 9.56 19.1 IAI JU 9.96 :n.6 8.37 
s 14.6 7.12 14.6 4.53 14.3 1.60 13.6 6.57 
6 11.8 4.02 12.3 5.29 
7 lo.9 0.94 10.9 l.7S 

6/16/17 J 23.9 7.30 l4.4 7.04 l4,4 ·us l4.0 7.9S 24.l 7.77 24.6 7.50 
l 23.4 7.26 23.9 7.11 l4.l 7.17 l4.0 7.77 24.l 7.80 24.2 7.42 
3 23.1 1.,:, 23.l 7.0l 23.5 6.22 22.8 7.94 23.S 1.12 23.J 7.40 
4 ll.4 1.26 21.4 6.11 ll.7 S.70 :11.1 I.OS ll.l 1.56 
s 16.4 6.42 16.0 4.15 16.7 1.49 15.S 6AI 
6 13.6 3.84 13.2 s.os 
7 11.1 l.6S 

6(l9{17 ) l4.3 1.0S 24.1 6.90 24.1 7.02 23.7 6.94 24.3 6.70 l4.9 6.79 
l 24.0 7.02 23.1 7.04 23.3 7.0l 23.7 7.01 24.1 6.89 24.l 6.70 
3 23.3 7.08 23.J 7.07 23.0 7.02 23.S 7.10 23.1 1.06 23.6 7.08 
4 23.1 7.11 22.3 7.11 23.3 7.22 23.6 7.25 
s 17.1 us 19.4 S.1S l&.6 6.69 17.2 5.19 
6 IS.I 3.49 ts.2 4.37 
7 12.9 2.12 13.l 1.99 
I 12.l 1.41 

7/I0/11 I 25.6 7.ll 25.1 7.41 26.1 7.42 25.7 7.14 25.7 7.24 26.0 7.26 
2 25.S 7.18 25.6 7.44 26.0 7.54 25.7 7.14 25.1 7.16 26.0 7.19 
3 25.l 7.26 25.4 7.47 25.6 7.41 25.6 7.12 25.6 7.13 24.9 6.93 
4 24.4 6.92 24.3 5.99 :14.9 6.61 24.4 6.9S 24.9 7.11 24.7 7.03 
s 20.4 4.35 20.6 3.19 20.9 6.55 :u.J 6.42 
6 16.4 2.13 16.7 4.06 
7 13.6 1.27 13.8 2.44 

1/20/11 s :14.7 6.47 25.0 6.49 :14.9 6.55 24.9 6.45 l4.8 6.45 25.2 6.09 
I 24.7 6.43 25.0 6.42 24.9 6.SO 24.7 6.43 24.8 6.43 25.0 6.08 
2 24.S 6.37 24.8 6.39 24.1 6.37 24.7 6.43 24.6 6.37 24.8 6.18 
3 24.S 6.36 24.7 6.lS 24.1 6.40 24.6 6.44 24.6 6.lS 24.6 S.47 
4 24.S 6.34 24.J 5.90 24.3 S.56 24.5 6.39 24.5 6.25 
5 22.0 4.15 22.7 l.65 22.4 5.33 23.1 4.73 
6 16.9 us 17.7 3.62 
7 14.7 I.SO 14.& 2.20 
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Appelldlx I. Ulllt. Temperature (•q - dissolved oxygen (ma/L) data by depth • • :, 
a. n West Ann East Arm • Site I Site l Site 3 Site4 Site 5 Site 6 • Date Temp. Depth (m) Temp. D.O. Temp. D.O. D.O. Temp. D.O. Temp. 0.0. Temp. 0.0. 

7()/J/17 s lS.7 6.73 lS.9 6.U lS.9 6.17 lS.4 6.&S 2.$.4 6.71 2.S.4 6.46 
1 1S.7 6.61 lS.I 6.77 1S.I 6.15 1S.S 6.14 1S.S 6.77 1S..S 6.44 
l 1S.7 6.67 25.8 6.73 ls.I 6.14 1S.S 6.8.2 2.S.S 6.76 lS.5 6.43 
3 lS.7 6.66 l.S.8 6.68 25.8 6.81 25.S 6.82 25.S 6.72 25.S 6.38 
4 2.$.7 6.63 l5.7 6.6l 25.7 6.03 25.6 6.82 2S.S 6.71 
s 24.0 4.19 23.4 2.42 23.3 S.13 23.3 4.37 
6 18.S 1.25 18.6 3.32 
7 16.5 0.60 IS.I 1.40 

1(7/17 s 26.S 7.02 26.4 7.04 lS.9 7.07 26.4 7.01 26.l 7.01 26.2 6.69 
I 26.S 7.01 26.3 1.02 26.1 7.03 26.4 7.00 26.2 7.00 26.2 6.68 
l 26.S 6.99 26.2 7.01 26.0 6.91 26.4 7.00 26.2 7.00 26.l 6.7) 
3 26.4 7.00 26.l 6.99 1S.9 6.93 26.3 7.00 26.1 6.95 26.0 6.56 
4 26.3 6.96 26.1 6.93 2U 7.06 26.2 6.99 25.9 6.67 2.S.9 6.44 
s 24.2 4.74 23.9 2.11 24.S S.62 24.0 4.09 
6 19.3 1.30 19.9 J.94 
7 15.7 0.45 

9fl/17 s 23.1 7.10 23.2 7.34 23.0 7.70 22.9 6.98 22.7 6.94 23.1 6.90 
I 23.1 7.07 23.2 7.17 23.0 7.48 22.9 6.94 22.6 6.94 22.8 6.82 
l 22.4 6.93 22.6 6.98 22.4 7.51 22.S 6.86 22.J 6.77 22.3 6.74 
3 22.1 6.95 22.3 7.14 22.0 7.71 22.2 6.12 22.0 6.SI 22.1 6.63 
4 22.0 6.96 22.l 7.lS lU 7.71 22.1 6.8) 22.0 6.67 22.0 6.70 
s 21.!J 6.93 21.9 7.26 22.0 6.60 22.0 6.67 
6 21.1 6.30 21.1 6.02 
7 17.7 0.12 17.2 0.12 

10/1/87 s 18.2 7.64 )8.0 1.&S 17.3 8.26 17.8 7.56 17.S 7.94 17.0 7.94 
I 18.2 7.60 18.0 7.14 17.S 1.21 18.2 7.S7 17.8 7.90 17.0 7.85 
2 l&.l 7.70 11.0 7.83 17.4 8.22 18.1 1.51 17.7 7.92 17.0 7.14 
3 II.I 7.74 llto 7.19 17.2 1.30 18.l 7.57 17.7 7.92 16.1 7.94 
4 18.l 7.74 17.7 I.OJ 17.1 8.40 18.0 7.69 17.S '1.94 16.9 '1.89 
s 17.9 1.29 17.4 8.04 17.9 7.73 17.3 7.93 
6 17.8 7.80 17.7 '1.11 
1 17.8 '1.76 17.6 7.75 

11/18/1'1 s I.I 9.94 1.2 10.07 I.I 10.09 1.0 9.90 I.I 9.93 8.7 9.13 
I I.I 9.92 8.2 10.09 I.I 10.10 8.0 9.118 8.2 9.90 8.S 9.90 
2 8.1 9.96 I.I JO.JI 8.1 I0.17 a.o 9.86 8.1 9.92 8.4 9.87 
3 8.0 9.95 I.I 10.13 I.I 10.11 8.0 9.14 8.1 9.90 8.4 9.92 
4 8.0 9.97 8.1 10.13 I.I 10.22 8.0 us 8.1 9.90 8.4 9.94 
s 8.0 9.99 8.0 10.16 a.o 9.81 I.I 9.91 
6 7.9 9.97 8.0 9.87 
7 7.9 9.&S 8.0 9.86 

... 
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• Appendix 9. Nutrient analysis (analyzed by Agriculture Engineering Laboratory, VPl&SU. in maJL). 
:I 
A. a TotaJ • TotaJ Onho- Kjeldahl Nivate Ammonia 

Date Site/Depth Phosphorus Phosphate Nitrogen Nitrogen Nitrogen 

Pre· Treabnent 
6/12/87 W-lm 0.106 0.029 0.720 0.188 0.412 

W-4m 0.101 0.02S 1.176 0.124 0.370 
E-lm 0.064 0.029 1.454 0.172 0.225 
E-4m 0.097 0.03) 0.720 0.198 0.546 

6/29/87 W-lm 0.078 0.046 1.883 0.222 O.S17 
W-4m 0.077 0.037 1.992 0.104 0.410 
E-lm 0.087 0.03) 0.96S 0.218 0.289 
E-4m 0.073 0.046 0.98S 0.214 0.379 

7/10/87 W-lm O.OS6 0.029 t.066 0.192 0.361 
W-4m 0.080 0.070 1.802 0.200 O.S43 
E-lm 0.078 0.026 1.829 0.196 0.334 
E-4m 0.092 0.022 l.679 0.196 0.381 

x W-lm 0.080 (0.014) 0.o3S (0.006) J.223 (0.34S) 0.201 (0.011) 0.430 (0.046) 
W-4m 0.086 (0.008) 0.044 (0.013) l.6S7 (0.247) 0.143 (0.029) 0.441 (O.OS2) 
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) l.461 (0.614) 0.202 (0.006) 0.435 (0.05S) 

Post-Treattnent 
7/20/87 W-lm 0.046 0.033 2.232 0.196 0.443 

W-4m 0.092 0.039 1.710 0.13& 0.336 
E-Im 0.092 0.008 4.405 0.196 0.276 
E-4m 0.061 0.014 J.512 0.148 0.314 

8/7/87 W-lm 0.110 0.016 2.416 0.134 0.272 
W-4m 0.092 0.029 2.345 0.184 0.291 
E-lm 0.101 0.037 2.162 O.IS4 0.338 
E-4m 0.097 0.020 1.512 0.168 0.231 

9/3/87 W-lm 0.069 0.039 1.0IS 0.152 0.316 
W-4m 0.064 0.040 1.292 0.146 0.314 
E-lm 0.073 0.020 l.4S4 0.)32 0.40S 
E-4m 1.334 0.026 J.066 0.110 0.320 

X W-lm 0.075 (0.019) 0.029 (0.007) 1.888 (0.440) 0.161 (0.018) 0.344 (O.OSI) 
W-4m 0.083 (0.009) 0.036 (0.004) I. 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} J.363 (0.149) 0.142 (0.017) 0.288 (0.029) 

Overall X W-lm 0.078 (0.011) 0.032 (0.004) I.55S (0.291) 0.181 (0.013) 0.387 (0.036) 
W-4m 0.084 (O.OOS) 0.040 (0.006) 1.720 (0.178) 0.149 (0.01 S) 0.377 (0.037) - E-lm 0.083 (0.005) 0.025 (0.004) 2.045 (0.500) 0.178 (0.013) 0.311 (0.025) ,. 
E-4m 0.297 (0.208) 0.027 (O.OOS) I.412 (0.283) 0.177 {0.016) 0.362 (0.043) 0 



Appendix 1 O. 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 Post-Treatment 
(31 March 1987) (19 August 1987) 

Station 1 Station 2 Station 3 Station 1 Station 2 Station 3 
Epilimnion Epilimnion Epilimnion Epilimnion H ypolimnion Epilimnion Epilimnion 

Depth (m) 1.S 1.S 1.S 1.S 6.5 1.5 1.S 
pH 6.83 6.79 6.8S 7.02 6.41 7.19 7.23 
ANC (µeq/L) 113.6 109.1 117.8 218.S 241.8 239.S 233.8 
DIC (mg/L) t.72 1.59 1.6S 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 (µS/cm) 278.0 269.0 27S.O 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 2.214 2.215 
Na (mg/L) 41.JS 48.80 39.51 29.918 31.178 30.075 29.603 
Al (mg/L) 0.016 0.013 0.004 o.oos 0.001 0.002 0.006 
Pb (mg/L) 0.002 0.002 0.002 0.002 
S04 (mg/L) 5.18 5.31 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) o.oos 0.005 0.006 o.oos 0.004 0.006 0.007 
NOi (mg/L) 0.248 0.403 0.283 0.26S 

I 

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 (VPl&SU). 
Site location map included. 

Station 

1 
2 
3 
4 
s 
7 
8 
9 
10 
11 
12 
13 
14 

Appendices 

pH 
Pre Post 

S.3 S.S 
s.s 5.4 
6.0 s.s 
S.5 5.4 
6.0 S.4 
5.7 5.4 
5.5 5.4 
5.3 S.3 
S.4 5.1 
5.6 5.3 
5.5 S.5 

5.2 
5.2 

Ca 2+ (mg/L) 
Pre Post 

360 540 
552 420 
492 360 
300 276 
348 396 
564 384 
336 384 
396 276 
348 228 
276 336 
420 636 

312 
420 

I 

Phosphorus (mg/L) 
Pre Post 

7 
4 
4 
3 
3 
3 
2 
2 
3 
3 
3 

8 
s 
4 
3 
3 
3 
3 
3 
4 
3 
3 
4 
4 
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Appendix 12. Zooplankton genera and copepod groups (#/L. µg/L). (SE) from site means. 

West Arm East Ann 

Site I Site 2 Site 3 Mean Site 4 Site S Site 6 Mean 
Date Group #/L µg/L #/L µg/L #/L µg/L #/L µg/L #/L µg/L #/L µg/L #/L µg/L #/L pg/L 

S/25/87 Cladocenns 
Daphnia spp. 3.l 10.2 3.3 14.4 6.8 36.8 4.4 (1.20) 20.S (8.26) 1.4 8.1 4.0 14.2 1.1 3.8 2.2 (0.92) 8.7 (3.02) 
Ccriodaphnia spp. 0.0 0.0 0.1 0.1 0.4 0.8 0.2 (0.12) 0.3 (0.25) 0.1 0.2 0.0 0.0 0.2 0.6 0.1 (0.06) 0.3 (0.18) 
Bosmina spp. 10.6 6.8 32.7 lS.S 184.S 24S.4 7S.9 (S4.7) 92.6 (76.6) 10.1 12.4 59.8 4S.4 413.3 409.2 161.l (126.9) ISS.7 (127.1) 
Diaphanosoma 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 0.1 0.2 0.0 (0.03) 0.1 (0.07) 
Alona spp. 0.1 0.1 0.0 0.0 0.0 0.0 0.0 (0.03) 0.0 (0.03) 0.0 0.0 0.2 1.4 0.0 0.0 0.1 (0.07) o.s (0.47) 
Chydorus spp. 0.2 0.1 1.2 o.s 0.0 0.0 o.s (0.37) 0.2 (0.15) 0.4 0.1 0.1 0.0 0.2 0.1 0.2 (0.09) 0.1 (0.03) 
TOTAL 14.0 17.l 37.3 40.S 191.7 283.0 81.0 (SS.8) 113.6 (8S.O) 12.0 20.8 64.1 61.0 414.9 413.9 163.7 (126.S) 165.2 (124.9) 

Copepocls 
Cyclopoid (Adult) 6.4 13.0 7.1 18.2 8.S S0.4 7.3 (0.62) 27.2 (11. 7) 6.7 19.5 10.8 65.6. 6.6 2S.3 8.0 (1.38) 36.8 (14.S) 
Calanoid (Adult) 3.8 IS.S 6.4 44.8 9.1 74.8 6.4 (1.53) 4S.O (17.1) 3.4 10.6 6.9 47.7 5.7 20.3 5.3 (1.03) 26.2 (I I.I) 
Sub-Adults 19.9 4.2 23.7 3.8 48.0 7.1 30.5 (8.80) s.o (1.04) 16.S 2.7 17.0 3.9 28.9 S.4 20.8 (4.05) 4.0 (0.78) 
TOTAL 30.J 32.7 37.2 66.8 65.6 132.2 44.3 (10.&) 77.3 (29.2) 26.6 32.8 34.7 117.2 41.2 SI.O 34.2 (4.22) 67.0 (2S.6) 

Ro1ifers 
Asplanchna spp. 0.2 0.3 0.3 o.s 0.1 0.1 0.2 (0.06) 0.3 (0.)2) 0.4 0.6 0.9 1.4 1.0 I.S 0.8 (0.19) 1.2 (0.28) 
Keratella spp. 18.6 2.1 38.1 4.2 33.6 3.7 30.1 (S.89) 3.3 (0.63) 24.0 2.6 59.4 6.S S3.6 S.9 4S.7(11.0) s.o (1.21) 
Conochilus spp. 178.0 14.2 270.S 21.6 220.8 17.7 223. l (26. 7) 17.8 (2.14) 129.S 10.4 548.0 43.8 476.7 38.1 384.7 (129.3) 30.8 (10.3) 
Ptygura spp. 1.2 0.1 1.7 0.7 2.4 0.2 J.8 (0.3S) 0.3 (0.19) 2.3 0.2 S.9 0.6 2.4 0.2 3.S (1.18) 0.3 (0.13) 
Polyarthra spp. 8.3 6.2 11.6 8.6 26.4 19.S I 5.4 (S.S7) I 1.4 (4.09) I 1.1 8.2 17.8 13.2 3.6 2.7 10.8 (4.IO} 8.0 (3.03) 
Gastropus spp. 13.S 2.8 9.9 2.1 2.4 o.s 8.6 (3.27) 1.8 (0.68) 11.7 2.S 20.8 4.4 6.0 1.3 12.8 (4.31) 2.7 (0.90) 
Kcllicottia spp. 3.6 0.4 2.S 0.3 0.0 0.0 2.0 (1.07) 0.2 (0.12) 4.1 0.4 I.S 0.2 0.0 0.0 1.9(1.20) 0.2 (0.12) 
Trichocerca spp. 0.0 o.o 0.0 0.0 0.0 0.0 0.0 (0.0) 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 223.4 26.) 334.6 38.0 28S.7 41.7 281.2 (32.2) 3S.3 (4.71) 183.1 24.9 654.3 70.l 543.3 49.7 460.2 (142.2) 48.2 (13.1) 

TOTAL 267.S 76.0 409.1 14S.3 543.0 457.0 406.S (79.S) 226.1 (117.l) 221.7 78.S 753.I 248.3 999.4 S14.6 658. I (230.S) 280.S (127.0) 

-... co 
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Appendix 12, cont. Zooplankton 1,eoera and copcpod groups (#/L, µg/L). (SE) from site means. 

West Arm 

Site I Site l Site 3 Mean 
Date Group #/L µg/L #/L µg/L #/L µg/L #/L µg/1... 

6/12/87 Claclocerans 
Daphnia spp. 30.7 139.6 27.7 95.7 9.2 30.9 22.S (6.72) 88.7 (31.6) 
Ceriodaphnia spp. 0.8 J.I l.O 2.3 1.2 L7 1.0 (0.12) 1.7 (0.3S) 
Bosmina spp. 8.1 S.1 16.2 20.4 14.8 13.3 13.0 (2.SO) 13.1 (4.24) 
Diaphanosoma spp. 0.5 0.5 0.3 0.9 0.9 I.I 0.6 (0.18) 0.8 (0.)8) 
Alona spp. 0.1 0.3 0.0 0.0 0.0 0.0 0.0 (0.03) O.J (0.10) 
Chydorus spp. 0.1 0.1 0.3 0.3 0.0 0.0 0.1 (0.09) 0.1 (0.09) 
TOTAL 40.3 147.3 45.S 119.6 26.l 47.0 37.3 (S.80) 104.6 (29.9) 

Copepods 
Cyclopoid (Adult) 6.6 7S.9 10.l 77.0 7.7 34.S 8.2 (1.07) 62.S (14.0) 
Calanoid (Adult) 4.2 21.3 S.7 46.4 2.0 IO.l 4.0 (1.07) 2S.9 (10.7) 
Sub-Adults 17.S 1.9 21.3 2.S 43.9 4.8 27.6 (8.24) 3.J (0.88) 
TOTAL 28.3 99.1 37.2 12S.9 S3.6 49.4 39.7 (7.41) 91.5 (22.4) 

Rotifers 
Asplanc:bna spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
Keratella spp. 98.6 10.8 33.2 3.7 44.9 4.9 S8.9 (20.1) 6.5 (2.19) 
Conochilus spp. 32.8 2.6 14.5 1.2 3.2 0.3 )6.8 (8.62) 1.4 (0.67) 
Ptygura spp. 2.9 0.3 6.6 0.7 7.4 0.7 S.6 (1.39) 0.6 (0.13) 
Potyarthra spp. 17.7 13.l 4.2 3.1 4.8 3.S 8.9 (4.40) 6.6 (3.27) 
Gastropus spp. 9.9 2.1 4.2 0.9 I. I 0.2 S.l (2.58) I.I (O.SS) 
Kellicottia spp. 3.2 0.3 1.2 0.1 I.I 0.1 1.8 (0.68) 0.2 (0.07) 
Trichocerca spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.0) 0.0 (0.0) 
TOTAL 165.1 29.2 63.9 9.7 62.S 9.7 97.2 (34.0) 16.2 (6.50) 

TOTAL 233.7 27S.6 146.6 2SS.2 142.2 106.1 174.2 (29.8) 212.3 (S3.4) 

East Arm 
Site 4 Site S Site 6 Mean 

#/L µg/L #/L µgn... #/L µg/L #/L µg/L 

10.3 71.l 6.0 31.9 6.1 20.6 7.7 (1.33) 41.2 (15.3) 
0.6 J.S 0.8 1.6 1.2 1.9 0.9 (0.18) I. 7 (0.12) 
3.8 2.8 4.2 3.9 1.S 0.8 3.2 (0.84) 2.5 (0.91) 
0.1 0.3 0.3 0.3 0.7 0.6 0.4 (0.18) 0.4 (0.IO) 
0.1 0.2 0.1 0.1 0.0 0.0 0.1 (0.03) 0.1 (0.06) 
0.1 0.0 0.6 0.2 I.S o.s 0.7 (0.41) 0.2 (0. I 5) 

15.0 75.9 12.0 38.0 11.6 24.4 12.9 (1.07) 46.) (15.4) 

3.l 8.2 S.2 3S.l 8.3 48.0 S.6 (1.48) 30.4 (11.7) 
1.8 7.0 1.8 7.9 1. 7 8.8 1.8 (0.03) 7.9 (0.52) 

16.3 2.6 28.7 2.9 21.0 2.8 22.0 (3.61) 2.8 (0.09) 
2).3 17.8 3S.1 4S.9 31.0 59.6 29.3 (4.24) 41.1 (12.3) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 {0.00) 
94.6 J0.4 128.7 14.2 196.2 21.6 139.8 (29.9) I S.4 (3.29) 
2S.5 2.0 28.7 2.3 3.0 0.2 19.1 (8.09) 1.5 (0.66) 
2.0 0.2 4.1 0.4 4.8 o.s 3.6 (0.84) 0.4 (0.09) 
2.S 1.9 2.9 2.2 1.2 0.9 2.2 (0.51) 1.7 (0.39) 
2.0 0.4 2.3 o.s 0.0 0.0 1.4 (0.72) 0.3 (O.IS) 
4.0 0.4 0.0 0.0 0.0 0.0 1.3 ( 1.33) 0.1 (0.13) 
0.0 0.0 0.0 0.0 0.6 0.2 0.2 (0.20) 0.1 (0.07) 

130.6 15.3 166.7 19.6 205.8 23.4 167.7 (21.7) 19.4 (2.34) 

166.9 109.0 214.4 103.S 248.4 107.4 209.9 {23.6) 106.6 (1.63) 



> .,, .,, 
• :::J 
A. n • • 

-UI -

Appendix 12, cont. Zooplankton genera and copepod groups (#/L, pg/I..). (SE) from site means. 

West Arm 

Site 1 Site 2 Site 3 Mean 
Date Group #/L µg/L #/L µg/L #/L p.g/L #/L p.g/L 

6{29/81 Clacloc:erans 
Daphnia spp. 19.8 254.2 13.S 170.8 3.S 22.1 12.3 (4.7S) 149.0 (67.9) 
Ceriodapbnia spp. 0.2 0.3 0.2 0.4 o.s 0.8 0.3 (O.IO) o.s (0.1S) 
Bosmina spp. J.9 1.6 6.6 8.4 &.l s.o s.s (1.87) s.o (1.96) 
Diaphanosoma spp. 0.1 0.3 0.4 1.0 0.2 0.4 0.2 (0.09) 0.6 (0.22) 
Alona spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.()0) 0.0 (0.()0) 
Chydorus spp. 0.0 o.o 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
TOTAL 22.0 256.4 20.7 180.6 12.3 28.3 18.3 (3.04) 155.1 (67.1) 

Copepods 
Cyclopoid (Adult) 0.8 3.8 J.4 14.S 1.2 7.0 I.I (0.18) 8.4 (3.17) 
Calanoid (Adult) J.I 1.9 1.2 4.8 1.2 4.8 ).2 (0.03) 3.8 (0.97) 
Sub-Adults 13.8 2.1 6.8 0.9 12.0 1.2 10.9 (2.10) 1.4 (0.36) 
TOTAL IS.7 7.8 9.4 20.2 14.4 13.0 13.2 (1.92) 13.7 (3.60) 

Rolifers 
Asplanchna spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
Keratella spp. 18.9 2.1 26.2 2.9 23.9 2.6 23.0 (2.15) 2.S (0.23) 
Conochilus spp. 19.6 1.6 33.9 2.7 23.9 1.9 25.8 (4.24) 2.1 (0.33) 
Ptygura spp. 0.6 0.1 0.0 0.0 2.8 0.3 I.I (0.8S) 0.) (0.09) 
Polyarthra spp. 3.6 2.7 19.8 14.6 6.0 4.4 9.8 (S.OS) 7.2 (3.72) 
Gastropus spp. 0.0 0.0 0.0 0.0 2.8 0.6 0.9 (0.93) 0.2 (0.20) 
Kellicottia spp. 32.0 3.2 10.3 1.0 0.0 0.0 14.l (9.43) 1.4 (0.9S) 
Trichocerca spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.0) 0.0 (0.0) 
TOTAL 14.1 9.7 90.2 21.2 59.4 9.8 74.8 (8.89) 13.6 (3.82) 

TOTAL IJ2.4 273.9 120.3 222.0 86.l SI.I )06.3 (10.3) 182.3 (67.3) 

East Ann 

Site 4 Site S Site 6 Mean 
#/L pg/L #/L pg/L #/L pg/L #/L pg/L 

Jl.3 113.S 4.8 36.9 0.6 J.6 S.6 (3.JI) 50.7 (33.0) 
0.) 0.3 1.4 2.6 1.3 3.0 0.9 (0.42) 2.0 (0.84) 
1.2 1.0 I.S 1.2 4.0 3.2 2.2 (0.89) 1.8 (0.70) 
0.0 0.1 0.2 0.4 0.0 0.0 0.1 (0.07) 0.2 (0.12) 
0.0 0.0 0.1 0.4 0.0 0.0 0.0 (0.03) 0.1 (0.13) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 {0.00) 

12.6 )14.9 8.0 4l.S S.9 7.8 8.8 (1.98) 54.7 (31.6) 

0.9 4.6 2.3 16.6 S.6 12.0 2.9 (1.39) 11.l (3.50) 
0.8 1.8 0.3 1.2 0.3 1.3 o.s (0.17) 1.4 (0.19) 
7.6 1.0 16.6 1.9 33.S 3.7 19.2 (7.59) 2.2 (0.79) 
9.3 7.4 19.2 19.7 39.4 )7.0 22.6 (8.86) 14.7 (3.73) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.C)O) 
19.S 2.2 31.3 3.4 42.7 4.7 31.2 (6.70) 3.4 (0.72) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (O.ClO) 
0.7 0.1 2.6 0.3 1.3 0.) I.S (0.56) 0.2 (0.07) 
9.0 6.6 7.1 S.3 41.l 30.4 19.l (11.0) 14.l (8.16) 
0.0 0.0 0.6 0.1 0.0 0.0 0.2 (0.20) 0.0 (0.03) 

43.& 4.4 2.1 0.2 0.0 0.0 JS.3 (14.3) LS ( 1.43) 
0.7 0.3 0.6 0.2 0.0 0.0 0.4 (0.22) 0.2 (0.09) 

73.7 13.6 44.3 9.S 8S.I 3S.2 67.7 (12.2) 19.4 (7.97) 

9S.6 135.9 71.S 70. 7 130.4 60.0 99.2 (17.1) 88.9 (23.7) 
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Appendix 12, cont. Zooplankton genera and copepod groups (#/L, µg/L). (SE) from site means. 

West Arm 

Site I Site 2 Site 3 Mean 
Date Group #/L µg/L #/L µg/L #/L µg/L #/L pg/L 

7/21/87 Cladoc:erans 
Daphnia spp. 7.4 69.9 3.2 23.& 0.2 1.7 3.6 (2.09) 31.8 (20.1) 
Ceriodaphnia spp. 0.2 0.2 1.9 l.6 0.5 0.8 0.9 (0.52) 1.2 (0.72) 
Bosmina spp. S.1 4.1 13.7 8.8 6.3 3.8 8.6 (2.S7) S.6 (l.62) 
Diaphanosoma spp. 0.3 0.4 I.I I.I 0.2 0.3 o.s (0.28) 0.6 (0.2S) 
Alona spp. 0.0 0.0 0.1 o.s 0.0 0.0 0.0 (0.03) 0.2 (0.17) 
Chydorus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00} 
TOTAL 13.6 74.6 20.0 36.8 7.2 6.6 13.6 (3.70) 39.3 (19.7) 

Copepods 
Cyclopoid (Adult) I.I 7.2 0.7 3.9 0.4 0.3 0.7 (0.20) 3.8 (1.99) 
Calanoid (Adult) 2.1 1.6 2.2 8.8 0.8 2.6 I. 7 (0.4S) 6.3 (1.90) 
Sub-Adults 14.6 1.6 28.8 2.0 22.9 1.7 22.1 (4.12) 1.8 (0.12) 
TOTAL 17.8 16.4 31.7 14.7 24.l 4.6 24.5 (4.02) 11.9 (3.68) 

Rotifers 
Asplanchna spp. 1.1 1.6 1.8 2.7 0.6 0.9 1.2 (0.3S) 1.7 (O.S2) 
Keratella spp. 14.8 1.6 I0.3 1.1 8.6 0.9 I 1.2 ( 1.8S) 1.2 (0.21) 
Conochilus spp. 4.8 0.4 3.4 0.3 0.0 0.0 2.7 (1.43) 0.2 (0.12) 
Ptygura spp. 17.3 J.7 32.5 3.3 2S.7 2.6 25.2 (4.40) 2.5 (0.46) 
Polyarthra spp. 2.6 1.9 2.S 1.9 1.6 1.2 2.2 (0.32) 1.7 (0.23) 
Ga!,tropus spp. 4.8 1.0 0.3 0.1 0.4 0.1 1.8 (1.48) 0.4 (0.30) 
Kelliconia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
Trichocerca spp. 0.6 0.2 0.9 0.3 0.0 0.0 0.5 (0.26) 0.2 (0.09) 
TOTAL 46.0 8.4 51.7 9.7 36.9 5.7 44.9 (4.31) 7.9 (1.18) 

TOTAL 77.4 99.4 103.4 61.2 68.2 16.9 83.0 (IO.S) 59.2 (23.8) 

East Arm 

Site 4 Site S Site 6 Mean 
#/L µg/L #/L µg/L #/L µg/L #/L µg/L 

4.8 64.6 1.4 10.9 o.s 2.5 2.2 (1.31) 26.0 (19.S) 
0.3 0.7 1.2 2.5 9.0 16.S 3.5 (2.76) 6.6 (4.99) 
0.8 0.4 0.8 0.4 2.6 1.1 1.4 (0.60) 0.8 (0.43) 
0.0 0.0 0.0 0.0 0.2 0.3 0.1 (0.07) 0.1 (0.10) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
S.9 65.7 3.4 13.8 12.3 21.0 7.2 (2.65) 33.5 (16.2) 

o.s 3.7 1.2 6.3 2.1 s.o 1.3 (0.46} 5.0 (0.7S) 
I.I 2.9 0.4 1.9 I.S 5.S 1.0 (0.32) 3.4 (1.07) 
8.1 0.9 20.3 1.2 17.6 J.O I 5.3 (3. 70) l.O (0.09) 
9.7 7.S 21.9 9.4 21.2 11.S 17.6 (3.96} 9.5 (1.16) 

0.6 0.8 0.6 0.9 0.7 LO 0.6 (0.03) 0.9 (0.06) 
8.4 0.9 6.3 0.7 8.2 0.9 7.6 (0.67) 0.8 (0.07) 

13.7 I.I 18.5 I.S 19.8 1.6 17.3 ( 1.86) 1.4 (0.1 S) 
S2.4 S.2 109.1 I0.9 26.8 2.7 62.8 (24.3) 6.3 (2.43) 
2.1 1.6 1.0 0.7 6.4 4.8 3.2 (l.6S) 2.4 (1.24) 
9.5 2.0 3.9 0.8 1.2 0.3 4.9 (2.44) 1.0 (0.50) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 {0.00) 
0.4 0.1 0.0 0.0 1.2 0.4 0.5 (0.35) 0.2 (0.12) 

87.1 ll.7 139.4 IS.5 64.3 11.7 96.9 (22.2) 13.0 (1.27) 

102.7 84.9 164.7 38.7 97.8 44.2 )21.7 (21.S) SS.9 (14.6) 
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Appendix 12. cont. Zooplankton genera and copepod groups (#/L, ,ug/L). (SE) of duplicate tows. 

West Ann 

Site I Site 2 Site 3 Mean 
Date Group #/L µg/L #/L pg/L #/L µg/L #/L µg/L 

8/7/37 Cladocerans 
Daphnia spp. 7.4 &0.0 3.4 26.S 2.1 6.8 4.3 (1.59) 37.8 (21.9) 
Ceriodaphnia spp. 0.6 0.7 1.9 2.7 3.2 S.4 1.9 (0.75) 2.9 (1.36) 
Bosmina spp. 0.9 0.4 S.4 3.3 8.2 5.8 4.8 (2.13) 3.2 (1.56) 
Diaphanosoma spp. 0.2 0.2 2.1 1.9 2.9 3.3 J.7 (0.78) 1.8 (0.90) 
Alona spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
Chydorus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
TOTAL 9.1 81.3 12.8 34.4 16.3 21.3 12.7 (2.08) 45.7 (18.2) 

Copepods 
Cyclopoid (Adult) 1.0 7.6 1.4 7.8 J.S 1.9 1.3 (0.15) 5.8 (1.93) 
Calanoid (Adult) 2.6 1.1 3.S 19.6 4.6 11.9 3.6 (0.58) 13.1 (3.48) 
Sub-Adults 14.4 1.6 24.S 2.S 36.3 3.9 2S.l (6.33) 2.7 (0.67) 
TOTAL 18.0 16.9 29.4 29.9 42.4 17.7 29.9 (7.05) 21.5 (4.21) 

Rotifcrs 
Asplanchna spp. 3.0 4.S 6.1 9.1 20.2 30.3 9.8 (S.29) 14.6 (7.95) 
Keratella spp. 16.0 1.8 48.0 S.3 Sl.7 S.1 38.6 (11.3) 4.3 (1.24) 
Conochilus spp. 19.7 l.6 41.0 3.3 100.1 8.0 S3.6 (24.0) 4.3 (1.91) 
Ptygura spp. 69.0 6.9 69.8 7.0 48.8 4.9 62.S (6.87) 6.3 (0.68) 
Polyarthra spp. 4.6 3.4 7.7 S.7 0.0 0.0 4.1 (2.24) 3.0 (1.66) 
Gastropus spp. IS.2 3.2 10.6 2.2 8.6 1.8 I LS (1.95) 2.4 (0.42) 
K elliconia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
Trichocerca spp. 0.6 0.2 1.3 o.s 1.6 0.6 1.2 (0.30) 0.4 (0.12) 
TOTAL 128.1 21.6 184.S 33.1 231.0 Sl.3 181.2 (29.8) 3S.3 (8.6S) 

TOTAL ISS.2 119.8 226.7 97.4 289.7 90.3 223.9 (38.9) 102.S (8.89) 

East Ann 
Site 4 Site S Site 6 Mean 

#/L µg/L #/L µg/L #/L µg/L #/L µg/L 

5.8 85.2 3.2 25.0 0.6 1.3 3.2 (I.SO) 37.2 (25.0) 
0.2 0.3 0.8 1.3 21.6 39.6 7.S (7.04) 13.7 (12.9) 
0.3 0.1 2.8 2.2 6.3 4.8 3.1 (1.74) 2.4 (1.36) 
0.2 0.3 0.6 0.7 3.6 4.0 I.S (1.07) 1.7 (1.17) 
0.0 0.0 0.1 0.2 0.0 0.0 0.0 (0.03) 0.1 (0.07) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
6.5 85.9 7.S 29.4 32.1 49.7 I S.4 (8.37) 55.0 (16.S) 

0.7 S.5 1.4 2.6 s.s 6.1 2.S (I.SO) 4.9 (1.22) 
2.4 6.9 3.0 10.3 S.8 9.4 3.7 (1.05) 8.9 (1.02) 

JO.I I.I 17.S 2.1 27.3 3.0 18.3 (4.98) 2.1 (0.55) 
13.2 13.S 21.9 JS.O 38.6 19.1 24.6 (7.45) 1S.9 (J.67) 

1.2 1.7 1.2 1.9 2.0 3.0 I.S (0.27) 2.2 (0.40) 
24.l 2.7 47.S 5.2 56.0 6.2 42.S (9.54) 4.7 (1.04) 
4.9 0.4 13.0 1.0 10.3 0.8 9.4 (2.38) 0.7 (0.18) 

60.l 6.0 114.2 11.4 66.7 6.1 &0.3 (17.0) 8.0 (l.70) 
7.6 S.6 8.S 6.3 17.3 12.8 I J.l (3.09) 8.2 (2.29) 
4.2 0.9 10.3 2.2 1.7 0.4 5.4 (2.55) 1.2 (0.54) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
0.7 0.3 0.9 0.3 0.0 0.0 o.s (0.27) 0.2 (O.IO) 

102.8 17.6 195.6 28.3 154.0 29.9 I S0.8 (26.8) 25.3 (3.86) 

122.S 117.0 22S.O 72.7 224.7 98.7 190.7 (34.1) 96.1 (12.9) 
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Appendix 12, cont. Zooplan.ktoo genera and copepod groups (#/L. µg/L}. (SE) from site means. 

West Arm 

Site I Site 2 Site 3 Mean 
Date Group #/L µg/L #/L µg/L #/L µg/L #/L µg/L 

9/3/87 Cladocerans 
Daphnia spp. 4.7 2S.3 I.I 3.7 0.4 2.4 2.1 (1.33) 10.S (7.43) 
Ceriodaphnia spp. 1.0 2.0 3.2 4.3 6.2 9.0 3.S (I.SI) S.l (2.06) 
BOSTnina spp. 0.7 0.3 3.7 3.0 10.0 6.1 4.8 (2.74) 3.1 (l.68) 
Diaphanosoma spp. 0.2 0.2 0.2 0.2 0.3 o.s 0.2 (0.03) 0.3 (0.10) 
Alona spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
Chydorus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (0.00) 
TOTAL 6.6 27.8 8.2 11.2 16.9 18.0 10.6 (3.20) 19.0 (4.82) 

Copepods 
Cyclopoid (Adult) 2.9 9.9 4.6 9.4 4.2 2.6 3.9 (O.SI) 7.3 (2.35) 
Calanoid (Adult) 3.9 IS.8 5.7 13.7 4.7 14.1 4.8 (0.52) 14.S (0.64) 
Sub-Adults 9.6 0.9 13.7 1.4 25.2 2.6 16.2 (4.67) 1.6 (O.SO) 
TOTAL 16.4 26.6 24.0 24.5 34.1 19.3 24.8 (5.13) 23.S (2.17) 

Rotifers 
Asplanchna spp. 0.7 I.I 0.7 I.I 0.3 o.s 0.6 (0.13) 0.9 (0.20) 
Keratella spp. 8.9 LO 44.2 4.9 73.8 8.1 42.3 (18.8) 4.7 (2.05) 
Conochilus spp. 42.3 3.4 6.2 0.5 3Q.6 2.5 26.4 (10.6) 2.1 (0.86) 
Ptygura spp. 18.4 1.8 29.8 3.0 39.1 3.9 29.1 (S.99) 2.9 (0.61) 
Polyarthra spp. 5.9 4.4 10.8 1.6 10.1 7.S 8.9 (1.53) 4.S (l.70) 
Gastropus spp. 0.7 0.1 o.s 0.1 0.0 0.0 0.4 (0.21) 0.1 (0.03) 
Kellicottia spp. 0.0 0.0 0.0 0.0 0.6 0.1 0.2 (0.20) 0.0 (0.03) 
Trichocerca spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.0) 0.0 (0.0) 
TOTAL 76.9 11.8 92.2 11.2 JS4.S 22.6 107.9 (23. 7) 15.2 (3.70) 

TOTAL 99.9 66.2 124.4 46.9 205.5 S9.9 )43.3 (31.9) S7.7 (S.68) 

East Ann 

Site 4 Site S Site 6 Mean 
#/L pg/L #/L µg/L #/L µg/L #/L µg/L 

2.7 20.7 11.9 47.0 7.6 44.8 7.4 (2.66) 37.S (8.42) 
0.4 0.6 o.s 0.9 3.6 8.0 1.5 (I.OS) 3.2 (2.42) 
0.7 0.4 1.s I.I 5.S 3.6 2.6 (1.48) 1.7 (0.97) 
0.0 0.0 0.1 0.3 0.2 0.3 0.1 (0.06) 0.2 (0.10) 
0.0 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 0.0 0.0 (0.00) 0.0 (0.00) 
3.8 21.7 14.0 49.3 16.9 S6.7 11.6 (3.97) 42.6 (10.6) 

4.1 13.8 4.2 7.7 10.S 20.6 6.3 (2.12) 14.0 (3.73) 
l.S 3.0 3.4 I0.6 S.8 24.3 3.6 (1.24) 12.6 (6.23) 
9.7 1.2 9.7 0.9 18.3 2.0 12.6 (2.87) 1.4 (0.33) 

IS.3 18.0 17.3 19.2 34.6 46.9 22.4 (6.13) 28.0 (9.44) 

0.4 o.s 0.0 0.0 o.s 0.7 0.3 (O.IS) 0.4 (0.21) 
7.7 0.9 10.0 I.I 21.8 2.4 13.2 (4.37) I.S (0.47) 

47.6 3.8 13.4 I.I 3.S ' 0.3 21.S (13.4) 1.5 (0.47) 
23.8 2.4 51.2 S.1 48.2 4.8 41.1 (8.68) 4.1 (0.8S) 
0.7 o.s 7.8 5.8 16.S 12.2 8.3 (4.57) 6.2 (3.38) 
0.0 0.0 0.4 0.1 2.4 o.s 0.9 (0.74) 0.2 (0.15) 
l.l 0.1 0.0 0.0 0.0 0.0 0.4 (0.37) 0.0 (0.03) 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 (0.00) 0.0 (O.ClO) 

81.3 8.2 82.8 13.2 92.9 20.9 8S.7 (3.64) 14.1 (3.69) 

100.4 47.9 114.I 81.7 144.4 124.S 119.6 (13.0) 84.7 (22.2) 



Appendix 13. Aver1p size estimates (,1g) ror dadocerans and copepod1 for each sample on a site-spec:iflc buta. 
(SE) of site estimates. 

West East West East 

Date Site I Site 2 Site 3 Site 4 Site S Site 6 i x 
Cadoc:eral - Daphnta spp. 

Pre· Treatment 

5/'lS/17 l.21 4.36 SAi 5.16 J.S, 3.45 4.35 4.28 
(0.61) (0.79) 

li/12/87 4.54 3.45 3.35 6.90 5.33 3.07 3.71 5.10 
(0.38) (1.11) 

6/29/17 ll.1.2 1.1.68 6.28 10.0l 7.70 2.92 10.59 6.83 

i 
(2.16) (2.09) 

us 6.83 S.01 1.59 5.51 3.1S 6.24 5.42 
(2.99) (2.94) (0.17) (1.lS) {1.20) (0.16) (1.27) (O.ll) 

Post· Treatment 

7/21/17 9.50 7.36 1.09 13.48 7.IO S.51 8.32 8.93 
(0.63) (2.37) 

8/7/87 10.77 7.74 3.21 14.79 7.75 2.03 7.24 8.19 
(l.20) (3.69) 

9/3/87 5.35 3.34 5.31 7.62 3.96 S.87 4.69 S.82 

i 
(0.61) (1.06) 

8.54 6.15 5.56 11.96 6.50 4.47 6.15 7.6S 
(l.64) (1.41) (1.41) (l.20) (1.17) (1.22) (0.87) (1.31) 

0vera11 x 7.71 15.49 S.29 9.78 15.01 3.81 6.50 6.53 
(1.57) (1.46) (0.7S) (1.50) (0.11) (0.63) (o.7S) (0.82) 

Cerioclaphlia 1pp. 
Pre· Treatment 

S/'lS/17 1.17 2.25 3.53 3.17 1.71 3.35 
(0.54) (0.18) 

6/12/87 I.SO 2.22 1.40 2.52 l.09 1.51 1.11 2.06 
(0.26) (0.l7) 

6/29/17 1.43 2.14 1.46 l.40 1.12 l.30 l.68 2.17 

x (0.23) (0.18) 
1.47 1.84 l.70 2.ll I.ff l.35 1.70 2.43 

(0.04) (0.34) (0..27) (0.36) (0.14) (0.46) (0.1S) (0.23) 

Post· Treatment 

7/21/17 1.03 1.32 Ul 2.17 2.09 1.84 1.32 2.03 
(0.17) (0.10) 

8/7/17 1.32 1.40 1.69 1.56 I.SI t.13 1.47 1.66 
(0.11) (0.09) 

9/3/17 2.07 1.37 1.46 1.59 u, 2..l4 1.63 1.89 

i 
(0.22) (0.19) 

U1 1.36 1.59 1.77 1.84 1.97 1.48 1.36 
(0.31) (O.Ol) (0.07) (0.20) (0.15) (0.14) (0.10) (0.09) 

Ovenll i 1.47 1.60 1.65 2.30 I.II 2.16 1.58 2.13 
(0.17) (0.16) (0.13) (0.30) (0.10) (0.23) (0.09) (0.13) 

BoSllllaa spp. 
Pre-Treatment 

5/'lS/87 0.64 0.78 1.33 1.22 0.76 0.99 0.92 0.99 
(0.21) (0.13) 

6/12/87 0.70 1.27 0.90 0.73 0.92 0.52 0.96 0.72 
{0.17) (0.12) 

6./'29/87 o.n 1..27 0.62 0.79 0.77 O.&O 0.92 0.79 

i 
(0.19) (0.01) 

0.74 1.11 8.9S 0.91 0.12 0.77 0.93 0.83 
(0.07) (0.16) (0.21) (0.1S) (O.DS) (0.14) (0.10) (0.06) 

Post- Treatment 

7/21/87 0.71 0.64 0.60 0.56 0.49 0.65 0.65 0.57 
(0.03) (O.OS) 

8/7/87 O.Sl 0.61 0.70 0.41 0.81 0.76 0.61 0.66 
(O.OS) (0.13) 

9/3/17 0.47 0.82 0.61 O.Sl 0.71 0.66 0.63 0.63 

i 
(0.10) (O.OS} 

0.51 0.69 0.64 o.so 0.67 0.69 0.63 0.62 
(0.07) (0.07) (0.03) (O.OS) (0.09) (0.04) (0.03) (0.04) 

Overall X 4.31 6.76 4.60 4.53 S.13 4.55 
(2 • .U) (1.17) (1.63) (1.25) 
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Appendix Jl, aNIIII. Avenipi size estimates (111) for dadoceranr and copepods for each sample on a site-spednc: basis. 
{SE) for site estimates. 

West East West East 

Date Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 i x 
OaclGcenals - D1apbanosom1 spp. 

Pre• Treatment 

5/25/17 2.12 2.12 

6/1.2/17 1.04 3.04 1..22 1.90 1J16 0.96 1.77 1.31 
(0.64) (0.30) 

6/29/17 3.25 2.71 2..23 2.115 2.ns 2.73 2.45 

i 
(0.29) (0.40) 

2.15 2.81 1.73 2.38 1.56 1.54 2.2.S I.Bl 
{1.11) (o.t'T) (0.Sl) (0.48) (0.50) (0.58) (0.38) (O.l9) 

Post· Treatment 

7/21/17 1.03 0.99 1.41 1.33 1.14 1.33 
(0.13) 

1/7/17 0.9S 0.91 1.17 1.10 1.30 1.13 1.01 1.38 
(0.08) (0.17) 

9/3/87 1.44 t.09 1.56 1.11 1.24 1.36 1..53 

i 
(0.14} (0.29) 

1.14 1.00 1.31 1.70 1.56 1.23 l.17 1.42 
(0.15) (0.05) (0.11) (0..26) (0.06) (0.08) (0.ll) 

Overall X 1.54 1.15 1.52 2.1$ 1.56 1.36 J.60 1.61 
(0.44) (0.46) (0.19) (O.lS) (O.l3) (O.lO) (O.ll) (0.16) 

Alon spp. 
Pre· Treatment 

5/25/17 1.16 6.93 1.16 6.93 

6/12/17 6.76 ,uo l.07 6.16 2.84 
(1.77) 

6/29/17 S.60 .5.60 

i 4.31 4.60 4.53 4.31 4.55 
(2.45) (l.77) (2.45) (1.25) 

Post-Treatment 

7/21/17 6.76 6.16 

1/7/87 

9/3/17 

i 6.76 6.76 

Overall X 4.31 6.76 4.60 4.53 S.13 4.55 
(2.45) (1.77} (l.63) (1.25) 

Oaydons spp. 
Pre· Treatment 

S/2.5/117 0.31 0.44 0.34 0.27 0..27 0.38 0.29 
(0.07) (0.02) 

6/1.2,1117 2.02 0.83 0.27 0.28 0.35 1.43 0.30 
(0.60} (0.03) 

6/29/81 

i 1.17 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) 

Post· Treatment 

7/ll/17 

11/7/87 

9/3/17 

i 

Overall X 1.17 0.64 0.31 0.21 0.31 0.90 0.30 
(0.16) (0.20) (0.04) {0.01) (0.04) (0.39} {0.02) 
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Appelldtx 13, COiii. Average size estimates (1,1g) tor dadocerans and copepods lor each sample on a site-specific basis. 
(SE) for site estimates. 

Wen East West East 

Date Site 1 Site 2 Site 3 Site 4 Site S Site 6 x x 
Calanokl Copepodl 

Pre-Treatment 

S/'lS/17 4.10 6.!19 l.ll 3.12 6.11 3.55 6.44 4.52 
(l.ll) (1.19) 

6/12/17 5.12 us S.21 3.96 us S.l9 6.16 4.57 
(1.00) (8.39. 

6/29/87 1.79 3.99 4.IS uo 4.69 4.79 3.31 3.89 
(0.76) (D.15) 

i 3.67 6.38 5.16 1.09 S.34 4.54 5.30 4.33 
(0.99) (1.24) (1.ll) (O.Sl) (0.77} {O.Sl) (0.71) (0.4$) 

Post· Treatment 

7/21/17 3.61 4.10 3.17 172 4.63 3.69 3.63 3.61 
(0.27) (O.SS) 

8/7/87 2.91 5.61 2.51 2.16 3.49 1.62 3.72 2.66 
(D.9.S) (0.55) 

9/3/87 4.09 2.41 2.91 l.9S 3.12 4.15 3.16 3.07 

x (0.49) (0.64) 
3.56 4.04 l.91 l.51 3.75 3.15 3.50 3.14 

(D.32) (0.92) (0.17) (0.21) (Q.4.S) (0.71) (o.33) (0.33) 

0vera11 x 3.62 S.ll 4.39 180 4.54 3.85 4.40 3.73 
(0.46) (0.87) (0.86) (0.29) (0.54) (O.Sl) (0.44) (0.31) 

Cyclapa6d Copepods 
Pre-Treatment 

$/'lS/87 2.02 2.55 5.911 2.91 6.10 3.13 3.Sl 4.21 
(1.23) (o.9S) 

6/12,117 11.48 7.51 4.48 uo 6.80 S.80 7.85 S.01 
(2.03) (1.27) 

6/29/87 5.03 10.42 6.12 S.22 7.30 2.13 7.19 4.81 
(1.65} (1.50) 

i 6.11 6.85 S.52 3.SI 6.73 3.92 6.11 4.74 
(2.79) (2.30) (0.52) (0.13) (0.35) (1.06) (1.07) (0.64) 

Post· Treatment 

7/21/87 6.54 5.43 0.66 1.12 5.33 l.41 4.21 S • .29 
(1.80) (l.65) 

8/7/17 7.89 S.S9 l.ll 7.79 1.87 1.23 4.9S 3.63 
(1.96) (2.09) 

9/3/87 3.46 2.05 0.6l 3.40 1.84 1.96 2.04 2.40 

i 
(0.&2} (0.50) 

5.99 4.36 o.as 6.44 3.01 1.87 3.73 3.77 
{1.33) (l.J.S'} (0.21) (l.S:l) (1.16) (0.34) (G.92) (0.19) 

e>verau x 6.09 S.60 J.19 S.01 4.87 2.19 4.96 4.26 
{1.31) (1.21) (1.07) (1.00) (0.99} (0.61) (0.75) (0.54) 

Sab-Adalt Copepodl 
Pre· Treatment 

5/25/87 0.21 0.16 us G.17 0.23 0.19 0.17 0.20 
(0.02) (0.02) 

6/ll/87 0.11 O.ll 0.11 0.16 0.10 0.14 0.11 0.13 
(0.003) (0.02) 

6/29/87 0.1S 0.12 Q.10 0.14 O.ll 0.11 0.12 O.ll 

x (0.01) (0.01) 
0.16 0.13 O.ll 0.16 o.is 0.1S 0.14 0.15 

(0.03) (0.01) (0.02) (0.01) (0.04) (0.02) (0.01) (0.01) 

Post· Treatment 

7/21/87 o.n 0.07 0.08 o.u 0.06 0.06 0.09 0.08 
(0.01) (0.02) 

8/7/87 0.11 0.10 0.11 0.11 0.12 0.11 O.ll 0.11 
(0.003} (0.01) 

9/3/81 0.09 0.10 0.10 0.12 0.09 0.11 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 

(0.01) (0.01) (0.01) (0.003) (0.02) (0.02) (0.005) {0.0l) 

OVerall X 0.13 O.ll 0.11 0.14 0.12 0.12 0.12 0.13 
(0.02) (0.01) (0.01) (0.01) (0.02) (O.Ol) (0.01) (0.01) 
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A~ndix 14. Age-and-growth data from bluegill otolith analysis. 

Daily Age 
Capture Total Past Swim-up Swim-up Growth (mm/day) 

ID# Ann-Date Length (mm) (SE) Date after Swim-up 

67 E-8/10 13.3 16 (0.00) 7/25 0.46 
s E-8/10 11.7 1S (0.58) 7/26 0.38 
20 E-8/10 12.8 17 (1.20) 7/24 0.40 
38 E-8MO 21.1 34 (0.33) 7/7 0.44 
34 E-8/10 20.S 31 (0.88) 7/10 0.47 
37 E-8/11 18.l 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 18.4 33 (1.53) 7/9 0.38 
49 E-8/11 18.1 34 (0.88) 7'" . } 0.36 
64 E-8/11 20.3 3S (0.00) 7/7 0.41 
IO E-8/ l l 15.5 26 (0.33) 7/16 0.36 
15 E-8/ 1 l 16.l 23 (1.76) 7/19 0.44 
25 E-8/ l l 20.0 33 (0.88) 7/9 0.42 
33 E-8/10 17.3 29 (0.00) 7/12 0.39 
7 E-8/10 17.9 34 (0.67) 7/7 0.35 
14 E-8/10 14.1 17 (1.53) 7/24 0.48 
121 E-7/29 14.4 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) 7/7 0.44 
81 E-7/29 15.S 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) 1/1 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) 7/24 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) 7/7 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.S 32 ( 1.53) 7/9 0.45 
3S W-8/10 22.l 34 (0.58) 7/7 0.47 
51 W-7/29 16.3 22 (1.00) 7/7 0.47 
6 W-7/29 16.3 18 (0.00) 7/11 0.57 
32 W-7/29 14.7 20 (0.67) 7/9 0.43 
62 W-7/29 14.4 20 (0.58) 7/9 0.42 
12 W-7/29 14.4 21 (0.33) 7/8 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 lS.S 21 (0.88) 7/8 0.45 
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