








than most of the other green algae species comprising the Newman Lake phytoplankton
community. Most other greens at Newman have cell volumes in the 10,000 to 100,000
pm? range. This is significant, as prevalence of smaller algae in the phytoplankton
assemblage is typically associated with lower lake trophic status. Again, this observation
is consistent with the overall water quality trends detailed in the accompanying paper.

For the upcoming year, it is recommended that the alum supply be targeted for
use during spring turnover. Because of potential for an additional bloom of algae growth
after fall turnover, this should remain the second priority. We recommend that the
summer application be ceased unless there is a second mixing after initial stratification,
but this has only occurred a few times in all the years of record. For the new alum
scheme, it is recommended that alum be applied at approximately the maximum daily
rate starting at spring turnover until first sign of stratification. Variable duration of
mixing precludes accurate prediction of the exact allocation, but we recommend that the
available alum should be used as necessary with only about 10 to 25% holdback for
potential use in fall.

This plan would be a slight modification of the past alum application
prioritization, which roughly allocated the annual supply into thirds for each of the spring
turnover, fall turnover, and summer stratification periods. The change recognizes some
budget-driven decrease in alum supply. Observations and measurements also indicate that
the oxygenation system to be increasingly effective at maintaining adequate
sediment/water interface oxygen concentrations, so that summer hypolimnetic
phosphorus accumulation is reduced, necessitating less alum requirement during
stratification. With lower summer accumulation, fall turnover will inject less phosphorus
into the photic zone, so that fall alum dosing should have less of a stoichiometric burden
for phosphorus reduction.

With the suggested alum application scheme, as in past years, it is very important
that the hypolimnetic oxygenation system be operated for the full time of stratification
and at the maximum oxygen delivery rate. As summarized in the accompanying paper,
oxygen delivery rates are critical to internal load control. To make sure that the system
remains operational through stratification, maintenance should be performed in the off-
season to the extent possible. In-water inspections, which were done more frequently in
the past should be resumed, and should be conducted as soon as practical in the spring.
Early detection of problems with the cone or manifold would allow for repairs to be
accomplished as early as possible, or to be scheduled with minimal impact on summer
oxygen input. For 2012, it is suggested that the District consider underwater inspections
in both spring and fall. Then, beginning in 2013, subsequent annual inspections should be
shifted to the end of the season, so that any necessary maintenance and repairs might be
accomplished in late fall, or at least as early as possible in early spring of the following
year.

To help identify external loading trends and potential sources, it is recommended
that the District reimpliment of volunteer monitoring efforts. These would be similar to
those utilized in previous years, but of more limited extent and volunteer time
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ABSTRACT

Since the mid-20" century, oxygen status at the sediment/water interface (SWI) has been
implicated in regulating lake internal phosphorus loading (e.g. Mortimer 1941, 1942). In
deeper lakes, summer hypolimnetic oxygen depletion may thus play a critical role in
phosphorus cycling and lake trophic status. Hypolimnetic aeration (HA) has been utilized
Jor over four decades to prevent development of anoxia, decrease internal phosphorus
load, and enhance fisheries. Most recently, interest has shifted to hypolimnetic
oxygenation (HO), for potential performance and economic advantages. In Newman
Lake, hypolimnetic oxygenation was initiated in 1992, when the first lake application of
downflow contact bubble oxygenation (Speece Cone technology) was installed.
Oxygenation at Newman has reduced growing season Niirnberg Anoxic Factors (AF)
Jrom a range of about 30 to 60 days to less than 10 days. We propose that differences in
predicted versus observed AF based on phosphorus may be utilized to assess lake
restoration performance. Newman Lake has demonstrated importance of operating the
system at full capacity, as lower oxygen delivery rates do not produce proportional
hypolimnetic oxygen concentrations, as well as other insights into HO system sizing and
design.

Hypolimnetic aeration or oxygenation (HA and HO, respectively) systems have been
employed to manage summer internal phosphorus load and/or to restore fish habitat in
stratified lakes for over five decades (for example, Mercier and Perret 1949, Bernhardt
1967, Speece 1971, Fast et al. 1973; see reviews in Verner 1984, McQueen and Lean
1986, Beutel and Horne 1999, Cooke et al. 2005, Singleton and Little 2006). The concept
of reducing phosphorus load by artificially raising oxygen levels flows from the
pioneering work of Mortimer (1941, 1942) in which solubility and distribution of
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phosphate-containing iron and manganese compounds were found to be related to
biologically mediated redox. Numerous in situ and laboratory studies have noted strong
correlation between oxygen status at the sediment/water interface (SWI) and phosphorus
mobility or release rates (see Beutel et al. 2008a, 2008b, 2007, Beutel 2006 and
references therein). In dimictic, eutrophic lakes with significant accumulations of -
sediment organic matter, hypolimnetic hypoxia or anoxia may develop, which enhances
release of phosphorus from sediments. Sequestration of phosphorus in the sediments by
overcoming hypolimnetic oxygen depletion, especially at the SWI, without degrading the
thermal stratification is a principal water quality justification for artificial aeration or
oxygenation.

While there have been recent questions regarding the universality of the phosphorus-
oxygen sediment release “paradigm” (Hupner and Lewandowski 2008), there are
numerous examples of successful projects in which internal phosphorus and nitrogen
loading has been reduced by aeration or oxidation (Beutel and Horne 1999, Cooke et al.
2005, Beutel 2006). Actually, limitations of hypolimnetic aeration or oxidation for
internal phosphorus control, such as inadequate sediment iron (Lean et al. 1986),
continued high external load (Gachner 1987), failure to achieve oxic SWI (Gachner
1987), high levels of sediment sulfur (Gachner and Muller 2003), system under-sizing or
failure to account for induced demand (Gachner and Wehrli 1998, Ashley 1985, Moore et
al. 1996) have generally been well-elucidated. If these limitations are avoided, the
conclusions of Cooke et al. (2005) that hypolimnetic aeration (or oxygenation can be
expected to increase hypolimnetic dissolved oxygen (DO), improve cold-water fish
habitat, and reduce hypolimnetic phosphorus accumulation and internal cycling are still
compelling.

Study Area and Oxygenation System

Newman Lake is a relatively shallow, dimictic lake (z,,, = 5.6 m, z,,, = 9 m) located in
northeastern Washington, approximately 25 km east of Spokane. Typically, stable
thermal stratification develops in April, May or June and persists through late August or
early September. Osgood Index of Mixing (OI;,) for Newman Lake is 2.5 m/km,
indicating increased potential for hypolimnetic water to be mixed into the summer
epilimnion and influence same-year primary productivity (Osgood 1988). Details of the
lake, watershed, and history of restoration activities are provided in Part I of this series
(Moore and Christensen 2009), while aspects of microfloc alum injection in Newman are
detailed in Part II (Moore et al. 2009).

Initial Phase I restoration feasibility studies in the early 1970s and from 1985 to 1986
estimated total gross annual phosphorus load exceeded 3000 kg, of which over 80% was
likely attributable to internal sources (Funk et al. 1976, Funk and Moore 1988, Moore

and Christensen 2009) (see Nurnberg 1998, Nurnberg and LaZerte 2001, and Nurnberg
2009 for discussions of phosphorus budget and loading terminology). Restoration
implementation activities included whole-lake alum treatment (September 1988), _
hypolimnetic oxygenation (installed June 1992), microfloc alum injection (installed April
1997), and various non-point source nutrient reduction projects and actions throughout
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the watershed to reduce external load (Funk et al. 1998, Moore and Christensen 2009,
Moore et al. 2009). -

Multiple approaches for internal load control were pursued because internal loading made
a large contribution to the total annual gross phosphorus budget. HA was originally
proposed, and peak stratified season oxygen demand was estimated at about 912 kg/day
(Funk and Moore 1988). Initial design computations called for a series of four 56 kW (75
hp) full-lift Bernhardt aerators, each with capacity to deliver about 367 kg-O,/day (total
capacities at 224 kW and 1468 kg-O,/day) (Ashley 1990). However, the design was not
deemed feasible due to unacceptable risks and environmental tradeoffs, including high
maintenance costs to avoid damage from winter ice, deterioration of aesthetic lake VieEWS,
loss of recreational opportunities around the aerator cluster, and potential hypolimnetic
warming leading to summer destratification or early fall turnover.

A search for alternatives led to selection of downflow contact bubble aeration (DCBA)
with oxygen, a technology proposed by Speece (1971) and known as the “Speece Cone”
system. In the Speece Cone system, counter-current flows of water and oxygen are
created by pumping low DO water from the hypolimnion and oxygen gas into the top of
an inverted cone located within the hypolimnion (Figure 1). As water flows downward,
buoyant gas bubbles are swept into the cone interior, providing opportunity for gas
transfer to the dissolved phase. High DO water is discharged through a side port at the
bottom of the cone. Prior to 1992, a Speece cone had been field tested at the Logan
Martin reservoir dam in Alabama (Ashley et al. 2008), but Newman Lake was the first in
situ application of a Speece Cone for lake restoration. Newman Lake is one of the largest
and shallowest lakes in which HO has been attempted, and the system was also the first
to employ a submerged pump for this application (Ashley et al. 2008). Other innovations
at Newman Lake include first use of a discharge manifold with outlet ports to reduce
discharge velocities and sediment scouring and first use of on-site pressure swing
adsorption (PSA) for on-site oxygen generation (Lawrence 1990, Moore et al. 1996,
Ashley et al. 2008).

The Speece cone installed at Newman Lake is 5.5 m high, 2.8 m maximum diameter, and
was designed to deliver 1360 kg-O,/day (~3000 Ibs-O,/day) (Moore and Christensen
2009). It was installed at a depth of about 8.5 m (Figure 1). Oxygen is generated onshore
with two PSA units (AirSep Corp. Buffalo, NY). After drying, the oxygen stream is
pumped using two 37 kW (50 hp) compressors through buried delivery lines to the cone.
Water intake for the cone is located about 1.5 m off of the bottom and is pumped to the
cone with a 45 kW (60 hp) submerged, axial flow pump. Oxygenated discharge from the
cone is returned to the hypolimnion at approximately the same depth as the intake
through fifty 10.1 cm (4 in) exit ports evenly spaced along a 30.5 m (100 ft) long, 0.6 m
diameter (2 ft) manifold pipe. As originally envisioned, oxygen delivery rates would be
managed by altering pumping hours for each compressor.

Since the Newman Lake HO installation, a much larger, 8,000 kg-O,/day Speece cone
system was installed in 1993 Comanche Reservoir in California (Beutel and Horne 1999),
and two 6800 kg-O,/day cones were installed in Savannah Harbor, Georgia in 2007



































































































Table 5. Profiles of pH in Newman Lake, 2011. All values as the negative log of the hydrogen ion activity.

Depth (m)
0

AW -

Depth (m)
0

N AU AW -

Depth (m)

AW =

U]

55

North Station
May-03 May-18 Jun-08
7.2 7.4
7.0 73
6.9 7.1
6.9 7.0
6.8 7.0
6.8 6.8
6.7 -
Mid Station
May-03
6.7 7.6
6.6 72
6.6 6.9
6.6 6.7
6.5 6.7
6.5 6.6
6.5 6.6
6.4 6.5
6.5 6.4
6.4 -
South Station
May-03 May-18
7.6 79 .
7.0 7.5
6.9 7.1
6.8 6.9
6.7 6.8
6.7 6.8
6.7 -

6.9
6.3
6.1
5.8
5:5
52

Jun-24
6.0
6.2
6.1
6.2
6.1
5.5

May-18 Jun-08  Jun-24

6.5
6.6
6.5
5.9
5.4
5.2
5.1
4.9
4.1

Jun-08  Jun-24

6.2
6.4
6.1
5.9
5.7
5.9

6.7
6.4
6.5
6.1
5.5
5.3
5.1
5.1
5.0

6.2
6.3
6.3
6.1
5.7
54

Jul-06
6.1
6.2
6.3
6.1
5.6
53

Jul-06
6.4
6.6
6.3
6.3
6.0
55
4.9
4.9

Jul-06
6.2
6.0
6.0
58
54

Jul-18
6.8
6.8
6.8
6.4
5.7

54

52

Aug-01 Aug-25 Sep-08

6.2
6.4
6.4
5.8
53

5.0

5.0

6.2
6.2
5.9
5.5
5.1
5.0

6.4
6.5
6.0
5.7
5.6
5.5
5.4
5.4

Sep-22
6.6
6.7
6.6
6.5
6.5

6.5

6.1

Jul-18  Aug-01 Aug-25 Sep-08 Sep-22

7.0
7.0
6.3
6.0
5.9
5.4
5.1
5.1

5.0

5.0

Jul-18  Aug-01 Aug-25 Sep-08

6.7
6.8
6.8
6.3
5.7
5.3

6.5
6.5
6.5
6.0
5.6
53
5.1
5.0
5.0

6.1
6.1
6.0
5.9
5.1

6.6
6.4
6.4
6.1
6.0
5.7
53
5.2
5.1

5.9
59
5.8
5.5
5.2
5.0

6.0
6.3
6.3
6.1
5.9
5.7
5.6
55
5.4
5.4
5.4

6.4
6.5
6.3
6.2
5.7
5.3
5.2
3.2

7.0
6.8
6.7
6.6
6.5
6.4
6.4
6.3
6.2

Sep-22
6.5
6.5
6.5
6.4
6.4
6.2

Oct-06
6.8
6.7
6.6
6.5
6.3
6.2
6.2

Oct-06
6.8
6.6
6.5
6.3
6.3
6.2
6.2
6.2
6.2

Oct-06
6.9
6.9
6.8
6.6
6.5
6.4






Table 7. Total dissolved solids in Newman Lake, 2011. All values derived from conductivity and expressed in mg/L.

Depth (m)
0

1
2
3
4
4.5
5

5.5
6

Depth (m)
0

N AR RN -

Depth (m)
0

1
2
3
4
4.5
5

5.5
6

North Station
May-03 May-18
0.0285  0.0297
0.0285 0.0298
0.0285  0.0297
0.0288  0.0293
0.0285  0.0292
0.0284 0.0255

0.0271 -
Mid Station -
May-03 May-18
0.0290  0.0301
0.0290  0.0302
0.0291  0.0301
0.0291  0.0304
0.0292  0.0303
0.0291  0.0298
0.0290  0.0301
0.0292  0.0300
0.0292  0.0304
0.0291 -
South Station
May-03 May-18
0.0287  0.0302
0.0290  0.0303
0.0289  0.0303
0.0289  0.0301
0.0287  0.0302
0.0289  0.0303
0.0288 -

Jun-08
0.0285
0.0285
0.0286
0.0285
0.0285
0.0288

Jun-08
0.0287
0.0289
0.0286
0.0283
0.0285
0.0285
0.0285
0.0286

0.0284

Jun-08
0.0285
0.0284
0.0284
0.0282
0.0285
0.0282

Jun-24
0.0287
0.0289
0.0288
0.0288
0.0288
0.0286

Jun-24
0.0288
0.0289
0.0289
0.0287
0.0288
0.0289
0.0289
0.0289

0.0290

Jun-24
0.0275
0.0289
0.0289
0.0287
0.0287
0.0288

Jul-06
0.0295
0.0293
0.0288
0.0291
0.0290

0.0292

Jul-06
0.0293
0.0294
0.0294
0.0291
0.0292
0.0292
0.0303
0.0303

Jul-06
0.0295
0.0294
0.0291
0.0289
0.0291

Jul-18
0.0297
0.0297
0.0295
0.0295
0.0298

0.0301

0.0309

Jul-18
0.0297
0.0296
0.0294
0.0298
0.0299
0.0303
0.0303
0.0307

0.0313

0.0317

Jul-18
0.0297
0.0299
0.0298
0.0295
0.0297

0.0302

Aug-01
0.0303
0.0302
0.0302
0.0302
0.0306

0.0316

0.0342

Aug-01
0.0304
0.0303
0.0305
0.0300
0.0306
0.0313
0.0310
0.0317

0.0318

-

Aug-01
0.0305
0.0308
0.0304
0.0298
0.0307

Aug-25
0.0315
0.0310
0.0309
0.0308
0.0313
0.0309

Aug-25
0.0313
0.0314
0.0311
0.0312 -
0.0311
0.0312
0.0312
0.0313
0.0314

Aug-25
0.0314
0.0313
0.0309
0.0313
0.0313
0.0316

Sep-08
0.0311
0.0311
0.0314
0.0313
0.0312

0.0313
0.0309
0.0307

Sep-08
0.0313
0.0313
0.0315
0.0309
0.0309
0.0315
0.0312
0.0312

0.0313
0.0311
0.0316

Sep-08
0.0312
0.0312
0.0312
0.0310
0.0312

0.0313
0.0312
0.0312

Sep-22
0.0310
0.0309
0.0308
0.0309
0.0309

0.0309

0.0307

Sep-22
0.0310
0.0310
0.0310
0.0311
0.0312
0.0311
0.0311

0.0312

0.0311

Sep-22
0.0311
0.0310
0.0310
0.0311
0.0310

0.0310

Oct-06
0.0308
0.0309
0.0308
0.0308
0.0309
0.0308
0.0308

Oct-06
0.0311
0.0312
0.0310
0.0311
0.0311
0.0310
0.0308
0.0310

0.0310

QOct-06
0.0308
0.0308
0.0308
0.0308
0.0308
0.0308



Table 8. Chlorophyll-a concentrations in Newman Lake, 2011. All values in mg/L.

North Station
Depth (m)  May-03 May-18 Jun-08 Jun-24  Jul-06  Jul-18 Aug-01 Aug-25 Sep-08 Sep-22  Oct-06
0 - 4.2 4.1 6.6 3.3 7.8 7.1 3.7 9.0 8.0 44.8 .
1 - 8.0 7.3 5.0 8.7 11.9 9.6 11.8 19.0 8.0 459
2 - 13.8 8.0 8.6 15.3 19.0 12.2 19.6 26.2 8.0 55.0
3 - 12.1 8.0 8.7 20.6 31.8 23.5 19.3 29.6 40.2 55.2
4 - 8.0 10.6 12.2 24.7 48.5 20.7 14.4 33.8 44.5 56.5
4.5 - - - - - - - 14.0 - - 50.0
5 - 6.6 8.0 14.0 27.7 59.5 14.6 - 32.8 52.2 -
55 - - - - - - 70.6 - 36.6 - 1.3
6 - - - - - 62.9 - - - 0.4 -
Mid Station
Depth (m)  May-03 May-18 Jun-08 Jun-24  Jul-06  Jul-18 Aug-01 Aug-25 Sep-08 Sep-22 Oct-06
0 - 8.0 5.1 3.5 3.1 6.2 5.6 45 - 10.0 454
1 - 13.1 7.8 6.2 6.0 11.6 8.0 11.4 - 21.0 42.2
2 - 11.0 8.0 8.4 11.8 154 11.8 12,5 - 38.6 48.6
3 - 8.0 8.0 13.1 16.3 31.1 8.0 15.4 - 8.0 425
4 - 8.0 8.0 15.9 414 39.9 27.6 17.7 - 8.0 51.5
5 - 8.8 8.0 14.2 23.4 41.1 15.0 13.5 - 8.0 46.9
6 - 6.5 8.0 13.7 18.9 30.9 7.9 9.3 - 8.0 48.9
7 - 71 8.0 14.6 17.2 25.7 8.0 9.1 - 8.0 64.3
7.5 - - - - - - - 8.3 - - -
8 - 6.4 21.5 17.6 - 279 15.4 - - 8.0 59.4
9 - - - - - 0.2 - - - - -
South Station
Depth (m)  May-03 May-18 Jun-08 Jun-24  Jul-06 Jul-18 Aug-01 Aug-25 Sep-08 Sep-22  Oct-06
0 - 3.7 44 33 - 8.5 45 51 - 11.5 423
1 - 8.3 6.9 42 5.3 11.6 83 9.7 13.8 8.0 513
2 - 75 6.1 8.5 12.9 14.0 8.0 14.2 26.4 8.0 553
3 - 6.0 13.0 19.1 20.4 279 8.0 13.2 29.6 8.0 44.0
4 - 6.0 8.0 15.9 27.3 60.2 8.0 12.6 37.6 48.1 55.0
4.5 - - - - - - - - - - 60.5
5 - 271.1 15.3 17.9 - 429 - - 938 32.8 8.0 -
5.5 - - - - - - - - 455 - -

6 - = = = < - - - 61.6 - -
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6/24/2011
CLADOCERA
Daphnia thorata
D. pulex

D. galeata mendotae
Juvenile Daphnia
schodleri
retrocurva
pulicaria
paruvula
ambiqua
laevis

rosea

SECECRSE-R-R]

Total

Alona
Chydorus
Bosmina
Diaphanosoma
Ceriodaphnia
Holopedium
Leptodora
Sida crystallina
Ostracada

Total Cladocera

COPEPODA
Diacyclops
Mesocyclops
Diaptomus
Epsichura
Total

Nauplii

Total Copepoda

ROTIFERA
Keratella cochlearis
Anuraeopsis
Keratella quadrata
Kellicottia longispina
Kellicottia bostonensisos
Asplanchna
Ascomorpha
Polyartha
Lecane
Collotheca
Synchaeta
Testudinella patina
Trichocerca
Filina
Platyias
Conochilus
Conchiloides sp.
Notholca

Total Rotifera

Density Formula

Net diameter

Net Area

Water column depth
Water column volume

Two tows

Mid
Count 1
0

A OO OO OON = O OO0 —~O O

Count 1
8
0

o O O

N
=

Count 1

(=R =R = i = I =}

198

0.29 m
0.07 m2
8.0 m
0.53 m3
528 L
1057 L

Count 2

Count 2

Count 2

Average # Zoo # Zoo/m”3
0 0
0 0
0 0
1 237
0 0
0 0
0 0
0 0
0 0
0 0
0 0
1 237
0 0
1 237
2 473
0 0
0 0
0 0
0 0
0 0
0 0
4 946
Average # Zoo # Zoo/m”3
8 1,892
0 0
0 0
0 0
8 1,892
29 6,860
37 8,753
Average # Zoo # Zoo/m”"3
0 ) 0
0 0
0 0
20 4,731
0 0
8 1,892
69 16,322
7 1,656
0 ) 0
10 2,366
2 473
0 0
82 19,398
0 0
0 0
0 0
0 0
0 0
198 46,838
n=NVs/Vf
where.....

N=Average count
Vs=Volume of sample (mL)
Vi=Volume of lake water filtered (L)




































7/6/2011 South

CLADOCERA Count 1 Count 2 Average # Zoo # Zoo/m”"3
Daphnia thorata 0 0 0 0
D. pulex 0 0 0 0
D. galeata mendotae 0 0 0 0
Juvenile Daphnia 0 0 0 0
D. schodleri 0 0 0 0
D. retrocurva 0 0 0 0
D. pulicaria 0 0 0 0
D. paruvula 0 0 0 0
D. ambiqua 0 0 0 0
D. laevis 0 0 0 0
D. rosea 0 0 0 0
Total 0 0 0 0
Alona 0 0 0 0
Chydorus 0 0 0 0
Bosmina 1 0 /1 237
Diaphanosoma 0 0 0 0
Ceriodaphnia 0 0 0 0
Holopedium 0 0 0 0
Leptodora 0 0 0 0
Sida crystallina 0 0 0 0
Ostracada 0 0 0 0
Total Cladocera 1 0 1 237
COPEPODA Count 1 Count 2 Average # Zoo # Zoo/m”"3
Diacyclops 0 1 1 237
Mesocyclops 0 0 0 0
Diaptomus 0 0 0 0
Epsichura 0 0 0 0
Total 0 1 1 237
" Nauplii 3 8 6 2,602
Total Copepoda 3 9 6 2,839
ROTIFERA Count 1 Count 2 Average # Zoo # Zoo/m”"3
Keratella cochlearis 9 9 9 4258
Anuraeopsis 0 0 0 0
Keratella quadrica 0 0 0 0
Kellicottia longispina 4 6 5 2,366
Kellicottia bostonensisos 0 0 0 0
Asplanchna 9 4 7 3,075
Ascomorpha 13 10 12 5,441
Polyartha 0 0 0 0
Lecane 0 0 0 0
Collotheca 0 0 0 0
Synchaeta 0 0 0 0
Testudinella patina 0 0 0 0
Trichocerca 23 18 21 9,699
Filina 0 0 0 0
Platyias 0 0 0 0
Conochilus 0 0 0 0
Conchiloides sp. 0 0 0 0
Notholca 0 0 0 0
Total Rotifera 49 38 53 24,838
Density Formula
Net diameter 029 m n=NVs/Vf
Net Area 0.07 m2 where.....
Water column depth 4.0 m N=Average count
Water column volume 0.26 m3 Vs=Volume of sample (mL)
264 L Vf=Volume of lake water filtered (L)

Two tows 528 L


















10/16/2011
CLADOCERA
Daphnia thorata
D. pulex

D. galeata mendotae
Juvenile Daphnia
schodleri
retrocurva
pulicaria
paruvula

. ambiqua

. laevis

. rosea

SESECRCRCRCRS

Total

Alona
Chydorus
Bosmina
Diaphanosoma
Ceriodaphnia
Holopedium
Leptodora
Sida crystallina
Ostracada

Total Cladocera

COPEPODA
Diacyclops
Mesocyclops
Diaptomus
Epsichura
Total

Nauplii

Total Copepoda

ROTIFERA
Keratella cochlearis
Anuraeopsis
Keratella quadrata
Kellicottia longispina
Kellicottia bostonensisos
Asplanchna
Ascomorpha
Polyartha
Lecane
Collotheca
Synchaeta
Testudinella patina
Trichocerca
Filina
Platyias
Conochilus
Conchiloides sp.
Notholca

Total Rotifera

Density Formula

Net diameter

Net Area

Water column depth
Water column volume

Two tows

South
Count 1
0

N OO O OO0 - WOMODOODODO—~0OOO0 O

Count 1
7
0

N o o

—
—

Count 1
59
0

Pt

O OO DD OO0 WV —~O X

~
N

0.29 m
0.07 m2
45 m
0.30 m3
297 L
594 L

Count 2

Count 2

T RoONowo ks

Count 2
53
0

Vo

(==l =Nl leRe N lNe R =R RN N

2
(=2}

Average # Zoo # Zoo/m"3
0 0
0 0
0 0
0 0
0 0
2 841
0 0
0 0
0 0
0 0
0 0
2 841
0 0
2 631
1 210
0 0
0 0
0
0 0
0 0
0 0
4 1,682
Average # Zoo # Zoo/m”"3
6 2,313
0 0
2 631
0 0
7 2,944
12 4,836
19 7,780
Average # Zoo # Zoo/m”"3
56 23,550
0 0
0 0
62 26,074
6 2,523
0 0
1 210
7 2,734
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
131 55,091
n=NVs/Vf
where.....

N=Average count
Vs=Volume of sample (mL)
Vf=Volume of lake water filtered (L)



10903100

Ioquaydeg snsny Ay unf

KeIN

000°0S

000°001

000°0ST

1

000002

000°0ST

000°00¢

1107 9YeT uswmMaN je AIsud(q uopjuejdooz [e1o], A[YIUOTAl UBSTAI

000°0S€

cwy/uopjuerdooy



BIOINOY @ njdneN @ wvomomoo B RIGOOPR[D [

B@ow.oo

Ioquoydeg

o8eIoAR SUOTIE]S § PUB ‘PIA ‘N
1102 ‘usmsmaN Je PuojAl pue dnoux) Jolejy Aq 1suaq uop[ue[dooz ueayy

000°ST

000°0S

000°GL

000001

000°ST1

000°0ST

000°SLIT

000°00C

000°52T

cwy/uopuerdooy









BAew e1pdorowoydy = ‘woydy
(pnog) epodiydury = -ydury
(s[reus) epodonsen = “oajsex)
(sany sippeD) exvydoyoL], = M,
(sysnyjo1A) sepruoeyds = susp

0 0
69L L
4% 08L

18 ov1
PO ydag

0 0

9LS‘1 1.8
SLL 4%
8L1 IS1
RO ydag

0 0

69C°1 T10C
€ST 69T
919 TLl
PO ydag

S9
99¢
100°1
896
sny

6vS
96L

91¢
Sny

1L
£SL

6vS
any

0
572
1101
TILT
Amp

TSI
v16
Amp

¢9
669

3%
Amp

L0t
20€°1
VLT
aungp

L6L
LTT1
€9%
unp

(44
€SL

oLl
aung

(se8prwr wojueyy) snioqoey)) = ‘qory)
suom 939.yo03I[O = SO
(orATE] 93pIUN) SBPIWOUOIY)) = "AIY))

0 ST
681 avpri0qovy)
6LY 21wy203110
TLE 2vpruou0LY)
Ke]Al

ynog

0 ST

€9V°1 avpri0qovy)

6SL wY203110

S€9 DPRUOUOLIYD)
Ae]n

PIN

0 oSt
¥19 anprioqony)
663 Y0310
69% ovpruouoL1y)

Len
YIoN

"U/SWSIUBSIO0 Ul 1€ SORISUSP [V TTOT ‘O¥e] A119qIT Wl QIuow AQsonIsusp sSeioe ) RIQILIAUI YUY















Newman Lake Phytoplankton Biovolume (N-top site)

5/3/11
Top

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

"tiny bubbles"
Uroglena
Totals

N
Number

Length

Cell Volume

Reference

Biovolume

716

89

1,000

700

111

350,000

1,767

716

N

o]

80

32,652

1,111

850,000

537

1,000

4,000

14,138

255

20

S|=|=[<|o|o |3 || |=]|=[=[3 |||

100,000

(1mm), e

OOOOOOOOOOOKOOOOOOO

21

716

f

—
(&)
w
D

500,000

(1 mm), m

950,000

(1mm), m

5,000

537

40

65,000

90,000

1,200

=33 [=|® [~

o|o|o|o|o|o|o|o|o

Number

Length

Cell Volume

Reference

17,184

Biovolume

7,775

f

0

26,000

f

4,771

f

Number

Length

Cell Volume

Reference

0
0
0

Biovolume

50,000

0

1,000

0

1,272

0

40,000

40,000

38,485

) B Y Y )

0

Number

Length

Cell Volume

Reference

40,000

Biovolume

4,000

0

2,600

200

38,485

3,292

100,000

3,068

100,000

90,000

(=] o] (e} (o] (o] (o) (o] o] [e]

Comments:






5/17/11
Top

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

“tiny bubbles”
Uroglena

Totals

N
Number

Length

Cell Volume

Reference

Biovolume

716

89

1,000

700

111

350,000

1,767

716

80

32,652

1,111

850,000

537

1,000

4,000

14,138

255

20

S|=|=|<|@o|o |3 =0 [—=]]|=3 |=|=]=]—=

100,000

(1mm), e

716

k=2l
®

500,000

(1. mm), m

950,000

(1mm), m

5,000

o
=

537

40

65,000

90,000

1,200

-3 |3|g|® |

ooooogoogooooooooooooooooooo

Number

Length

Cell Volume

Reference

10,728

Biovolume

7,775

f

0

26,000

f

4,771

f

0
0
0

Number

Length

Cell Volume

Reference

Biovolume

50,000

f

0

1,000

0

1,272

6,360

40,000

f
f
v
f

0

38,485

0

Number

Length

Cell Volume

Reference

6,360

Biovolume

4,000

0

2,600

0

200

800

38,485

3,292

100,000

3,068

100,000

90,000

o] (o] (o] (o] (o] (o]

800

Comments:


















NO SAMPLE

716111

Top

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
‘Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

“tiny bubbles"
Uroglena
Totals

N
Number

Length

Cell Volume

Reference

Biovolume

716

89

1,000

700

111

350,000

1,767

716

80

32,652

1,111

850,000

537

1,000

4,000

14,138

255

20

3—h—n<(D(‘D3—h(D === [T | =[] =]

100,000

(1mm), e

716

500,000

(1. mm), m

950,000

(1mm), m

5,000

537

40

65,000

90,000

1,200

|33 |g]|® |~

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Number

Length

Cell Volume

Reference

Biovolume

7,775

f

0

26,000

f

4,771

f

Number

Length

Cell Volume

Reference

0
0
0

Biovolume

50,000

1,000

1,272

40,000

38,485

| < |||

Number

Length

Cell Volume

Reference

olo|o|o|o|lo

Biovolume

4,000

2,600

200

38,485

3,292

100,000

3,068

- 100,000

90,000

(=] o] (e} (o] (o] (o] [o] (o] (o] (o)

Comments:



























9/8/11
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

N
Number  Length Cell Volume _ Reference Biovolume
8 350 W 2,800
5,000 0
3,000 m 0
20 300 f 6,000
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
45 0.17857 60,000 (1mm), v,w 482,143
160 m 0
625 j
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
2 50 w 100
2,540 f 0
491,043
Number  Length  Cell Volume _ Reference Biovolume
177 0.18828 1,130 (1mm), f 37,657
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1Tmm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
37,657
[ 920 | 500 e 460,000 |
1,287,500

Number = Number of cells or colonies per mL

Length = Mean length or diameter of filaments or colonies (mm)
Cell Volume = Volume of cell or colony (um?®)

Biovolume = BioVolume (um?®)/mL

w=Wetzel, 1975

f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,

v=vollenweider, 1974

e=estimate

Estimates: :

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume
calculated using equation for prolate spheriod in Hillebrand (1999)



9/22/11
Top

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

"tiny bubbles”
Uroglena

Totals

N
Number _ Length  Cell Volume  Reference Biovolume
716 0
89 f 0
4 1,000 f 4,000
700 f 0
14 111 f 1,554
350,000 m 0
1,767 f 0
38 716 f 27,208
80 f 0
32,652 e 0
1,111 f 0
850,000 m 0
10 537 e 5,370
1,000 e 0
4,000 v 0
14,138 f 0
4 255 f 1,020
20 m 0
100,000 (1mm), e 0
12 716 f 8,592
500,000 (1. mm), m 0
950,000 (Imm), m 0
18 5,000 f 90,000
537 e 0
58 40 w 2,320
65,000 m 0
90,000 m 0
1,200 f 0
140,064
Number _ Length _ Cell Volume  Reference Biovolume
7,775 f 0
26,000 f 0
4,771 f 0
0
Number _ Length  Cell Volume  Reference Biovolume
50,000 f 0
1,000 f 0
1,272 f 0
40,000 v 0
38,485 f 0
0
Number  Length  Cell Volume  Reference Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 (1mm), e 0
3,068 f 0
146 0.02 100,000 (1mm), e 292,000
2 90,000 A% 180,000
472,000

Comments:






10/6/11
Top

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

“tiny bubbles"
Uroglena

Totals

N
Number _ Length  Cell Volume  Reference Biovolume
716 0
89 f 0
2 1,000 f 2,000
700 f 0
3 111 f 333
350,000 m 0
1,767 f 0
11 716 f 7,876
80 f 0
32,652 e 0
1,111 f 0
850,000 m 0
1 537 e 537
1,000 e 0
4,000 v 0
1 14,138 f 14,138
1 255 f 255
20 m 0
100,000 (1mm), e 0
38 716 f 27,208
500,000 (1. mm), m 0
950,000 (1Imm), m 0
9 5,000 f 45,000
537 e 0
37 40 w 1,480
65,000 m 0
90,000 m 0
1,200 f 0
98,827
Number  Length  Cell Volume  Reference Biovolume
1 7,775 f 7,715
26,000 f 0
4,771 f 0
7,775
Number __Length  Cell Volume  Reference Biovolume
50,000 f 0
1,000 f 0
1 1,272 f 1,272
40,000 v 0
38,485 f 0
1,272
Number _ Length  Cell Volume  Reference Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 (1mm), e 0
3,068 f 0
100,000 (1mm), e 0
1 90,000 W,V 90,000
90,000

Comments:












5117111
Mid

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina

_ Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small g
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon -
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas
Sm brn colonies
Synura

“"tiny bubbles"
Uroglena
Totals

N
Number

Length  Cell Volume

Reference

Biovolume

716

89

1,000

700

111

350,000

0.31 1,767

716

=|AlO|Oo|o|o|o|o

~N|o
[e2] {ee]

80

32,652

1,111

850,000

537

1,000

4,000

14,138

255

20

S| =< |@|@[3[=|® =] =] =T | =] =] =] =

100,000

3
3
ES

O|o|o|o|o|o|o|o|o|o|o

716

—

e
N

500,000

(1 mm), m

950,000

3
3

), m

5,000

537

40

65,000

90,000

1,200

—-|3|3|g|o|—

o|o|o|o|o|o|o|o|o

Number

Length  Cell Volume

Reference

6:

N
~
D

Biovolume

7,775

f

0

26,000

f

4,771

f

Number

Length  Cell Volume

Reference

0
0
0

Biovolume

50,000

0

1,000

0

1,272

3,816

40,000

0

38,485

| < | =n| =]

0

Number

Length  Cell Volume

Reference

3,816

Biovolume

4,000

0

2,600

0

1

200

2,200

38,485

3,292

100,000

3,068

100,000

90,000

Oo|o|o|o|o|o

N
N
(=4
o

Comments:



























711811
Mid

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

“w=Wetzel, 1975
f=Funk, 1974

N
Number Length Cell Volume Reference Biovolume
12 350 w 4,200
5,000 0
3,000 m 0
16 300 f 4,800
225 f 0
3,506 f 0
300 e 0
2 225 450
200,000 [(1mm), vW 0
2 300 f 600
1,500 m 0
22 0.095455 60,000 (1mm), v 126,000
160 m 0
625 i 0
7,872 f 0
2,000 V,W 0
870 j 0
90,000 m 0
12 50 w 600
2,540 f 0
136,650
Number Length Cell Volume Reference Biovolume
24 0.15129 1,130 (1mm), f 4,103
1,130 (1mm), e 0
163 f 0
40 (Tmm),w 0
382 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
4,103
| 1,988 | 500 e | 994,000 |
1,881,959

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?)

BioVolume (um?®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated

using equation for prolate spheriod in Hillebrand (1999)





















9122111

Mid N
Chlorophyta Number Length  Cell Volume Reference Biovolume Comments:
Crucigenia 4 716 2,864
Coelastrum 89 f 0
Cosmarium 8 1,000 f 8,000
Desmidium 700 f 0
Dictyosphaerium 2 111 f 222
Euastrum 350,000 m 0
Eudorina 1,767 f 0
Gloeocystis 8 716 f 5,728
Golenkinia 80 f 0
Gonium 32,652 e 0
Mougeotia 1,111 f 0
Micrasterias 850,000 m 0
One-celled small grn 26 537 e 13,962
Oocystis 1,000 e 0
Pandorina 4,000 v 0
Pediastrum 4 14,138 f 56,552
Scenedesmus 255 f 0
Selenastrum 20 m 0
Sm grn colonies 100,000 | (1mm), e |. 0
Sphaerocystis 22 716 f 15,752
Spirogyra 500,000 | (1 mm), m 0
Spondylosium 950,000 | (1mm), m 0
Staurastrum 20 5,000 f 100,000
Synechocystis : 537 e 0
Tetraodon 36 40 w 1,440
Quadrigula 65,000 m 0
Volvox 90,000 m 0
Xanthidium 1,200 f 0
Totals 201,656
Euglenophyta Number Length  Cell Volume Reference Biovolume
Euglena 2 7,775 f | 15,550
Phacus 26,000 f 0
Trachelomonas 4,771 f 0
Totals 15,550
Pyrrhophyta Number Length  Cell Volume Reference Biovolume
Ceratium 2 50,000 f 100,000
Closterium 1,000 f 0
Elakatothrix 1,272 f 0
Peridinium 40,000 v 0
Glenodinium 38,485 f 0
Totals 100,000
Chrysophyta Number Length  Cell Volume Reference Biovolume
Chrysosphaerella 4,000 m 0
Cryptomonas 2,600 f 0
Dinobryon 200 f 0
Gymnodinium 38,485 f 0
Mallomonas 3,292 f 0
Sm brn colonies 100,000 | (1mm), e 0
Synura 3,068 0
"tiny bubbles" 44 0.02 100,000 | (1mm), e 88,000
Uroglena 90,000 W,V 0

Totals 88,000



9/22/11

Mid
Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

N
Number Length Cell Volume Reference Biovolume
72 350 w 25,200
5,000 0
3,000 m 0
50 300 f 15,000
225 f 0
3,506 f 0
300 e 0
10 225 2,250
200,000 | (1mm), v,w 0
300 f 0
1,500 .m 0
640 0.176429 | 60,000 |(1mm), vw| 6,774,857
160 m 0
625 j 0
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
4 50 w 200
2,540 f 0
6,817,507
Number Length Cell Volume Reference Biovolume
542 0.0592 1,130 (1mm), f 36,258
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 | (1mm), w 0
30,000 (1Tmm), v 0
540 e 0
36,258
[ 2538 ] ’ | 500 ] e | 1,269,000 |
8,527,971

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (1m?)

BioVolume (um?®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated
using equation for prolate spheriod in Hillebrand (1999)












5/3/211
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

Number of cells or colonies per mL

N
Number  Length  Cell Volume  Reference Biovolume
] 350 w 0
5,000 0
3,000 m 0
4 300 f 1,200
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
353 0.2 60,000 (1mm), v,w 4,490,160
160 m 0
1 625 i 625
7,872 f 0
2,000 V,W 0
870 i 0
14 90,000 m 1,260,000
11 50 w 550
2,540 f 0
5,752,535
Number  Length Cell Volume _ Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
1 0.03 100,000 (1mm), w 3,000
30,000 (1mm), v 0
540 e 0
3,000
22 500 e [ 11,000 |
6,051,790

Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?®)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=uul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated
using equation for prolate spheriod in Hillebrand (1999)













6/8/11
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

N
Number Length Cell Volume Reference Biovolume
3 350 w 1,050
5,000 0
3,000 m 0
13 300 f 3,900
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
59 0.281 60,000 (1mm), vyw| 994,740
160 m 0
5 625 i 3,125
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
2 50 w 100
4 2,540 f 10,160
1,013,075
Number Length Cell Volume _Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1Tmm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
[ 500 e 0
1,299,611

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

Fuul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated

using equation for prolate spheriod in Hillebrand (1999)



















7118111

Bot N
Bacillariophyta * Number Length Cell Volume _Reference Biovolume
Asterionella 6 350 w 2,100
Cavinula 5,000 0
Craticula 3,000 m 0
Cyclotella 20 300 f 6,000
Cymbella 225 f 0
Diatoma 3,506 f 0
Ellerbeckia 300 e 0
Epithemia 4,000 m 0
Eunotia 2 225 450
Fragilaria 200,000 (1mm), vw 0
Gomphonema 300 £ 0
Gyrosigma 1,500 m 0
Melosira (Aulacoseira) 108 0.2688 60,000 (1mm), vw| 1,741,824
Meridion 160 m 0
Navicula 625 j 0
Pinnularia 7,872 f 0
Stephanodiscus 2,000 V,W 0
Surirella 870 i 0
Stauroneis 90,000 m 0
Synedra 4 50 w 200
Tabellaria 10 2,540 f 25,400
Totals 1,775,974
Cyanophyta Number Length Cell Volume _Reference _Biovolume
Anabaena 30 0.037 1,130 (1mm), f 1,254
Anacystis 1,130 (1mm), e 0
Aphanizomenon 163 f 0
Aphanocapsa 40 (1mm),w 0
Gleotrichia 382 f 0
Gomphosphaeria 2,000 w 0
Merismopeida 80 (1mm),w 0
Microcystis 100,000 (1mm), w 0
Oscillatoria 30,000 (1Tmm), v 0
Single cell with sheath 600 e 0
Totals 1,254
threads [ 2,020 ] | 500 [ e [ 1,010,000 |
All Phyla Totals 2,959,066
Number = Number of cells or colonies per mL
Length = Mean length or diameter of filaments or colonies (mm)
Cell Volume = Volume of cell or colony (um®)
Biovolume = BioVolume (um®)/mL

w=Wetzel, 1975

f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,

v=vollenweider, 1974

e=estimate

Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated
using equation for prolate spheriod in Hillebrand (1999)









8/2511
Bot

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small g
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm gm colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

“tiny bubbles"
Uroglena

Totals

N
Number Length _ Cell Volume Reference  Biovolume
716 0
89 f 0
2 1,000 f 2,000
2 0.02 700 f 28
2 111 f 222
350,000 m 0
4 1,767 f 7,068
8 716 f 5,728
80 f 0
32,652 e 0
1,111 f 0
850,000 - m 0
10 537 e 5,370
1,000 e 0
4,000 \ 0
2 14,138 f 28,276
255 f 0
20 m 0
100,000 [ (1mm), e 0
8 716 f 5,728
500,000 | (1 mm), m 0
950,000 | (1mm), m 0
12 5,000 f 60,000
537 e 0
14 40 w 560
65,000 m 0
90,000 m 0
1,200 f 0
114,980
Number Length  Cell Volume Reference  Biovolume
7,775 f 0
26,000 f 0
4,771 f 0
0
Number Length _ Cell Volume Reference  Biovolume
50,000 f 0
1,000 f 0
1,272 f 0
40,000 v 0
38,485 f 0
0
Number Length _ Cell Volume Reference  Biovolume
4,000 m 0
2,600 f 0
10 200 f 2,000
38,485 f 0
3,292 f 0
100,000 | (1mm), e 0
3,068 f 0
100,000 | (1mm), e 0
6 90,000 W,V 540,000
542,000

Comments:









9/8/11

Bot N
Bacillariophyta Number Length  Cell Volume Reference Biovolume
Asterionella 55 350 \ 19,250
Cavinula 5,000 0
Craticula 3,000 m 0
Cyclotella 42 300 f 12,600
Cymbella 225 f 0
Diatoma 3,506 f 0
Ellerbeckia 300 e 0
Epithemia 4,000 m 0
Eunotia 225 0
Fragilaria 200,000 | (1mm), v,w 0
Gomphonema 300 f 0
Gyrosigma 1,500 m 0
Melosira (Aulacoseira) 625 0.24 60,000 | (1mm), v,w| 9,000,000
Meridion 160 m 0
Navicula 5 625 i 3,125
Pinnularia 7,872 f 0
Stephanodiscus 2,000 V,W 0
Surirella 870 i 0
Stauroneis 3 90,000 m 270,000
Synedra 10 50 w 500
Tabellaria 2 2,540 f 5,080
Totals 9,310,555
Cyanophyta Number Length _ Cell Volume Reference Biovolume
Anabaena 94 0.0804167 1,130 (1mm), f 8,542
Anacystis 1,130 (1mm), e 0
Aphanizomenon 163 f 0
Aphanocapsa 40 (1mm),w 0
Gleotrichia 382 f 0
Gomphosphaeria 2,000 w 0
Merismopeida 80 (1mm),w 0
Microcystis 100,000 [ (1mm), w 0
Oscillatoria 30,000 (1mm), v 0
Single cell with sheath 540 e 0
Totals 8,542
threads [ 585 ] [ 500 ] e [ 292,500 |
All Phyla Totals 9,743,794
Number = Number of cells or colonies per mL
Length = Mean length or diameter of filaments or colonies (mm)
Cell Volume = Volume of cell or colony (um?)
Biovolume = BioVolume (um®)/mL

w=Wetzel, 1975

f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,

v=vollenweider, 1974

e=estimate

Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated
using equation for prolate spheriod in Hillebrand (1999)






9/22/11
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

N
Number Length  Cell Volume Reference  Biovolume
64 350 w 22,400
5,000 0
3,000 m 0
106 300 f 31,800
2 225 f 450
3,506 f 0
300 e 0
4,000 m 0
28 225 6,300
14 0.02375 | 200,000 |(1mm), v,w 66,500
4 300 f 1,200
1,500 m 0
1,494 10.2335484| 60,000 f(1mm), vw| 20,935,277
160 m 0
6 625 i 3,750
7,872 f 0
1 2,000 v,W 2,000
: 870 i 0
18 90,000 m 1,620,000
10 50 w 500
10 2,540 f 25,400
22,715,577
Number Length  Cell Volume Reference _ Biovolume
190 0.0377778 1,130 (1mm), f 8,111
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 | (1mm), w 0
30,000 (1mm), v 0
540 e 0
8,111
[ 3770 ] 500 | e [ 1,885,000 |
24,798,828

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um®)
BioVolume (um?®)/mL

m=measured (Hillebrand, 1999)

jFuul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated
using equation for prolate spheriod in Hillebrand (1999)




10/6/11
Bot

Chlorophyta
Crucigenia
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

"tiny bubbles"
Uroglena

Totals

N
Number Length  Cell Volume Reference Biovolume
716 0
89 f 0
3 1,000 f 3,000
2 0.01 700 f 14
7 111 f 777
350,000 m 0
1,767 f 0
17 716 f 12,172
80 f 0
32,652 e 0
1,111 f 0
850,000 m 0
4 537 e 2,148
1,000 e 0
4,000 v 0
3 14,138 f 42,414
255 f 0
20 m 0
100,000 | (1mm), e 0
18 716 12,888
500,000 | (1 mm), m 0
950,000 | (1mm), m 0
11 5,000 f 55,000
537 e 0
33 40 w 1,320
65,000 m 0
90,000 m 0
1,200 f 0
129,733
Number Length  Cell Volume Reference  Biovolume
7,775 f 0
26,000 f 0
4,771 f 0
0
Number Length _ Cell Volume Reference  Biovolume
50,000 f 0
1,000 f 0
1,272 f 0
40,000 v 0
38,485 f 0
0
Number Length  Cell Volume Reference  Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 | (1mm), e 0
3,068 f 0
100,000 | (1mm), e 0
1 90,000 w,V 90,000
90,000

Comments:















51711
Top

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals
threads
All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number Length Cell Volume  Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
i [ 500 e 0
197,620

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)
BioVolume (pm?)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)



















718111
Top
Cyanophyta
. Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals
threads
All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M

Number Length Cell Volume  Reference Biovolume

1,130 (1mm), f 0

1,130 (1mm), e 0

163 f 0

40 (1mm),w 0

382 f 0

2,000 w 0

80 (1mm),w 0

100,000 (1mm), w 0

30,000 (1mm), v 0

600 e 0

0
[ 847 ] | 500 | e [ 423,500
683,598

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?®)

BioVolume (pm?)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1985), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)

































10/6/11
Top

Chlorophyta
Ankistrodesmus
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
QOocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm gm colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Tetraodon
Quadrigula
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm bm colonies
Synura

"tiny bubbles"
Uroglena

Totals

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

M
Number  Length Cell Volume  Reference Biovolume
250 w 0
89 f 0
2 1,000 f 2,000
700 f 0
16 111 f 1,776
350,000 m 0
2 1,767 f 3,534
19 716 f 13,604
80 f 0
32,652 e 0
1,111 f 0
850,000 m 0
13 537 e 6,981
1,000 e 0
4,000 \ 0
2 14,138 f 28,276
4 255 f 1,020
20 m 0
100,000 (imm), e 0
21 716 15,036
500,000 (1 mm), m 0
950,000 (1mm), m 0
9 5,000 f 45,000
537 e 0
40 w 0
65,000 m 0
90,000 m 0
1,200 f 0
117,227
Number  Length Cell Volume  Reference Biovolume
2 7,075 f 15,550
26,000 f 0
4,771 f 0
15,550
Number  Length Cell Volume  Reference Biovolume
50,000 ¥ 0
. 1,000 f 0
1 1,272 f 1,272
40,000 v 0
38,485 f 0
1,272
Number  Length Cell Volume Reference Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 (Imm), e 0
3,068 0
100,000 (1mm), e 0
90,000 W,V 0
0
Number  Length Cell Volume  Reference Biovolume
59 350 \ 20,650
5,000 0
3,000 m 0
36 300 f 10,800
225 f 0
3,506 f 0
300 e 0
4,000 m 0
7 225 1,575
3 0.0233 | 200,000 (1Tmm), v,w 14,000
300 f 0
1,500 m 0
905 0.218 60,000 (1mm), v,w 11,837,400
160 m 0
7 625 j 4,375
7,872 f 0
2 2,000 V,W 4,000
870 i 0
90,000 m 0
9 50 w 450
4 2,540 f 10,160
11,903,410

Comments:















57711
Mid

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas
Sm brn colonies
Synura
"tiny bubbles"
Uroglena
Totals

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number Length  Cell Volume  Reference Biovolume
4,000 m 0
2,600 f 0
36 200 f 7,200
38,485 f 0
3,292 f 0
100,000 (1mm), e 0
3,068 f 0
100,000 - (1mm), e 0
90,000 W,V 0
7,200
Number Length  Cell Volume  Reference Biovolume
20 350 w 7,000
5,000 0
3,000 m 0
3 300 f 900
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
23 0.273 60,000 (1mm), v,w 376,740
160 m 0
625 i 0
7,872 f 0
2,000 v,W 0
870 j 0
1 90,000 m 90,000
50 w 0
2,540 f 0
474,640
Number Length _ Cell Volume Reference Biovolume
1,130 (1mm), f 0
1,130 (1Tmm), e 0
163 f 0
40 (1mm),w 0
382 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
500 e 0
492,100

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)
BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

jFuul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)



















716111
Mid

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas
Sm brn colonies
Synura
"tiny bubbles"
Uroglena
Totals

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)
BioVolume (um®/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)

M
Number Length _ Cell Volume Reference Biovolume
4,000 m 0
2,600 f 0
25 200 f 5,000
38,485 f 0
1 3,292 f 3,292
100,000 (1mm), e 0
3,068 f 0
100,000 (1mm), e 0
90,000 W,V 0
8,292
Number Length  Cell Volume Reference Biovolume
15 350 w 5,250
5,000 0
3,000 m 0
12 300 f 3,600
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
15 0.153 60,000 (1mm), v,w 137,700
160 m 0
625 j 0
7,872 f 0
2,000 V,W 0
870 i 0
2 90,000 m 180,000
2 50 w 100
4 2,540 f 10,160
336,810
Number Length  Cell Volume Reference Biovolume
15 0.105 1,130 (1mm), f 1,780
1,130 (1mm), e 0
163 0
40 (1mm),w 0
382 0
2,000 w 0
80 (1mm),w 0
2 0.025 100,000 (1mm), w 5,000
30,000 (1mm), v 0
600 e 0
6,780
[ 500 e | 0 |
434,749


















8/25/11
Mid

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas
Sm brn colonies
Synura
“tiny bubbles"
Uroglena
Totals

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

" All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number  Length  Cell Volume Reference Biovolume
4,000 m 0
2,600 f 0
12 200 f 2,400
38,485 f 0
3,292 f 0
100,000 (1mm), e 0
3,068 f 0
100,000 (1mm), e 0
90,000 W,V 0
2,400
Number  Length  Cell Volume Reference Biovolume
74 350 w 25,900
5,000 0
3,000 m 0
56 300 f 16,800
225 f 0
3,506 f 0
300 e 0
4,000 m 0
4 225 900
200,000 | (1mm), v,\w 0
300 f 0
1,500 m 0
86 0.141786 60,000 (1lmm), vyw| 731,614
160 m 0
625 i 0
7,872 f 0
2,000 V,W 0
870 i 0
10 90,000° m 900,000
50 w 0
2,540 f 0
1,675,214
Number _ Length  Cell Volume Reference Biovolume
328 [0.098788 1,130 (1mm), f 36,615
1,130 (1mm), e 0
163 0
40 (Imm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
2 0.04 100,000 (1Tmm), w 8,000
30,000 (1mm), v 0
540 e 0
44,615
[ 1,000 | 500 e 500,000

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?®)
BioVolume (um?®)/mL

m=measured (Hillebrand, 1999)

jFuul,
v=vollenweider, 1974
e=estimate
Estimates:

2,323,851

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)












9/22/11
Mid

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas
Sm brn colonies
Synura
“tiny bubbles"
Uroglena
Totals

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number Length Cell Volume  Reference Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 (1mm), e 0
3,068 f 0
190 0.02 100,000 (1mm), e 380,000
2 90,000 W,V 180,000
560,000
Number Length Cell Volume  Reference Biovolume
46 350 w 16,100
5,000 0
3,000 m 0
26 300 f 7,800
2 225 f 450
3,506 f 0
300 e 0
4,000 m 0
6 225 1,350
4 0.025 200,000 (1mm), v,w 20,000
300 f 0
1,500 m 0
768 | 0.1624 60,000 (1mm), v,w 7,484,509
160 m 0
625 i 0
7,872 f 0
2 2,000 v,W 4,000
4 870 i 3,480
4 90,000 m 360,000
6 50 w 300
2 2,540 f 5,080
7,903,069
Number Length Cell Volume Reference Biovolume
358 | 0.0697 1,130 (1mm), f 28,178
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
28,178
[2,192 ] | 500 e 1,096,000
10,265,461

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?)
BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)







10/6/11

Mid
Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas
Sm brn colonies
Synura
"tiny bubbles"
Uroglena
Totals

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

.w=Wetze|, 1975
f=Funk, 1974

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um?)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

M
Number Length  Cell Volume Reference _Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 (1mm), e 0
3,068 f 0
100,000 (1Tmm), e 0
4 90,000 W,V 360,000
360,000
Number Length Cell Volume Reference Biovolume
49 350 w 17,150
5,000 0
3,000 m 0
57. 300 f 17,100
225 f 0
3,506 f 0
300 e 0
4,000 m 0
17 225 3,825
4 0 200,000 [ (1mm), vw| 16,000
4 300 f 1,200
1,500 m 0
886 0 60,000 (1mm), vw| 7,237,938
160 m 0
1 625 i 625
7,872 f 0
3 2,000 V,W 6,000
6 870 j 5,220
1 90,000 m 90,000
4 50 w 200
3 2,540 f 7,620
7,402,878
Number Length Cell Volume _Reference _ Biovolume
141 0 1,130 (1mm), f 18,625
1,130 (1mm), e 0
163 0
40 (1mm),w 0
382 0
2,000 w 0
80 (1mm),w 0
100,000 (1Tmm), w 0
30,000 (1mm), v 0
540 e 0
18,625
[ 1,800 ] 500 e 900,000 |
8,858,950

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)



Newman Lake Phytoplankton Biovolume ( M-bot site)

5/3/11

Bottom
Chlorophyta
Crucigenia
Ankistrodesmus
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Quadrigula
Tetraodon
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

"tiny bubbles"
Uroglena

Totals

M
Number Length  Cell Volume Reference Biovolume
716 0
250 w 0
89 f 0
1 1,000 f 1,000
700 f 0
111 f 0
350,000 m 0
1,767 f 0
1 716 f 716
80 f 0
32,652 e 0
1,111 f 0
850,000 m 0
537 e 0
1,000 e 0
4,000 v 0
14,138 f 0
255 f 0
20 m 0
100,000 | (1mm), e 0
13 716 f 9,308
500,000 | (1 mm), m 0
950,000 [ (1mm), m 0
5,000 f 0
537 e 0
65,000 m 0
40 w 0
90,000 m 0
1,200 f 0
11,024
Number Length _ Cell Volume Reference Biovolume
7,775 f 0
26,000 f 0
4,771 f 0
0
Number Length Cell Volume Reference Bioveolume
50,000 f 0
1,000 f 0
3 1,272 f 3,816
40,000 v 0
38,485 f 0
3,816
Number Length _ Cell Volume Reference _Biovolume
4,000 m 0
2,600 f 0
200 f 0
38,485 f 0
3,292 f 0
100,000 | (1mm), e 0
3,068 f 0
100,000 | (1mm), e 0
90,000 W,V 0
0

Comments:



5/3/11

Bottom
Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number Length _ Cell Volume Reference Biovolume
75 350 w 26,250
5,000 0
3,000 m 0
4 300 f 1,200
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
1 0.03 200,000 | (1mm), v,w 6,000
300 f 0
1,500 m 0
133 0.2886957| 60,000 |(1mm), vw| 2,303,791
160 m 0
625 i 0
7,872 f 0
2,000 V,W 0
1 870 i 870
3 90,000 ‘m 270,000
8 50 w 400
2,540 f 0
2,608,511
Number Length _ Cell Volume Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 | (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
[ 500 | e | 0
2,623,351

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony
BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estirhates:

(um?)

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)







5M17/11

Bottom
Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number  Length _ Cell Volume  Reference Biovolume
42 350 w 14,700
5,000 0
3,000 m 0
74 300 f 2,100
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
89 0 60,000 (1mm), v,w 1,548,600
160 m 0
625 i 0
7,872 f 0
2,000 V,W 0
870 j 0
1 90,000 m 90,000
6 50 w 300
16 2,540 f 40,640
1,696,340
Number __ Length _ Cell Volume  Reference Biovolume
1,130 (1Imm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
[ 500 e 0
1,718,522

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)













6/24/11

Bottom
Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

M
Number  Length  Cell Volume  Reference Biovolume
4 350 w 1,400
5,000 0
3,000 m 0
12 300 f 3,600
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
) 1,500 m 0
178 0.263 60,000 (1mm), v,w 2,808,840
160 m 0
1 625 i 625
7,872 f 0
2,000 v,W 0
870 i 0
90,000 m 0
5 50 w 250
4 2,540 f 10,160
2,824,875
Number  Length Cell Volume = Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (Imm),w . 0
382 f 0
2,000 w 0
80 (1mm),w 0
1 0.03 100,000 (1mm), w 3,000
30,000 (1mm), v 0
540 e 0
3,000
12 | 500 e 6,000
2,873,137

Number of cells or colonies per mL —
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)
BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)




716111

Bottom
Chlorophyta
Crucigenia
Ankistrodesmus
Coelastrum
Cosmarium
Desmidium
Dictyosphaerium
Euastrum
Eudorina
Gloeocystis
Golenkinia
Gonium
Mougeotia
Micrasterias
One-celled small grn
Oocystis
Pandorina
Pediastrum
Scenedesmus
Selenastrum
Sm grn colonies
Sphaerocystis
Spirogyra
Spondylosium
Staurastrum
Synechocystis
Quadrigula
Tetraodon
Volvox
Xanthidium
Totals

Euglenophyta
Euglena
Phacus
Trachelomonas
Totals

Pyrrhophyta
Ceratium
Closterium
Elakatothrix
Peridinium
Glenodinium
Totals

Chrysophyta
Chrysosphaerella
Cryptomonas
Dinobryon
Gymnodinium
Mallomonas

Sm brn colonies
Synura

"tiny bubbles"
Uroglena

Totals

M
Number

Length

Cell Volume Reference

Biovolume Comments:

716

250

89

1,000

700

111

350,000

1,767

716
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Cell Volume Reference

13,119

Biovolume

7,775 _f

0
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4,771 f

Number

Length

Cell Volume Reference

0
0
0

Biovolume

50,000

1,000

1,272

40,000

| < | =h[=n|=—

38,485

Number

Length

Cell Volume Reference
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Biovolume

4,000 m

2,600
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38,485
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3,292

100,000 | (1mm), e

3,068 f

100,000 | (imm), e

90,000 W,V
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811111

Bottom M
Bacillariophyta Number Length _ Cell Volume Reference Biovolume
Asterionella 3 350 w 1,050
Cavinula 5,000 0
Craticula 3,000 m 0
Cyclotella 7 300 f 2,100
Cymbella 225 f 0
Diatoma 3,506 f 0
Ellerbeckia . 300 e 0
Epithemia 4,000 m 0
Eunotia 225 0
Fragilaria 4 0.025 200,000 |(1mm), vyw| 20,000
Gomphonema 300 % 0
Gyrosigma . 1,500 m 0
Melosira (Aulacoseira) 93 0.2396667| 60,000 |(1mm), v\w| 1,337,340
Meridion 160 m 0
Navicula 625 j 0
Pinnularia 7,872 f 0
Stephanodiscus 2,000 V,W 0
Surirella 870 i 0
Stauroneis 90,000 m 0
Synedra 50 w 0
Tabellaria 2,540 . ¥ 0
Totals 1,360,490
Cyanophyta Number Length _ Cell Volume Reference _Biovolume
Anabaena 12 0.1233333 1,130 (1mm), f 1,672
Anacystis 1,130 (1Imm), e 0
Aphanizomenon 163 f 0
Aphanocapsa 40 (1mm),w 0
Gleotrichia 382 f 0
Gomphosphaeria 2,000 w 0
Merismopeida 80 (1mm),w 0
Microcystis 100,000 | (1mm), w 0
Oscillatoria 30,000 (1mm), v 0
Single cell with sheath 540 e 0
Totals 1,672
threads [ 8 | [ 500 ] e [ 4,000 ]
All Phyla Totals 1,405,669
Number = Number of cells or colonies per mL
Length = Mean length or diameter of filaments or colonies (mm)
Cell Volume = Volume of cell or colony (um®)
Biovolume = BioVolume (um®)/mL

w=Wetzel, 1975

f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,

v=vollenweider, 1974

e=estimate

Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)




































517111
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
350 w 0
5,000 0
3,000 m 0
6 300 f 1,800
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
9 0.304 60,000 (1mm), v,w 164,160
160 m 0
625 j 0
7,872 f 0
2,000 V,W 0
870 j 0
90,000 m 0
2 50 w 100
2,540 f 0
166,060
Number " Length Cell Volume Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
1 | 500 e | 500
210,376

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)







6/8/11
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
9 350 w 3,150
5,000 0
3,000 m 0
17 300 f 5,100
. 225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
22 0.225 60,000 (1mm), vyw 297,000
160 m 0
3 625 i 1,875
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
1 50 w 50
2,540 f 0
307,175
Number Length Cell Volume Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
500 e 0
431,203

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

equation for prolate spheriod in Hillebrand (1999)

Microtaenium 1







6/24/11
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

S
Number Length Cell Volume Reference Biovolume
1 350 w 350
5,000 0
3,000 m 0
12 300 f 3,600
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
18 0.288 60,000 (1mm), v,w 311,040
160 m 0
625 i 0
7,872 f 0
3 2,000 V,W 6,000
870 j 0
90,000 m 0
2 50 w 100
2 2,540 f 5,080
326,170
Number Length Cell Volume Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
3 0.037 100,000 (1mm), w 11,100
30,000 (1mm), v 0
540 e 0
11,100
90 [ 500 e 45,000
422,291

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)

BioVolume (um®/mL

equation for prolate spheriod in Hillebrand (1999)







716/11
Top
Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
- Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

S
Number Length Cell Volume Reference Biovolume
350 w 0
5,000 0
3,000 m 0
7 300 f 2,100
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
6 0.11167 60,000 (1mm), v,w 40,200
160 m 0
625 j 0
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
50 w 0
10 2,540 f 25,400
67,700
Number Length Cell Volume Reference Biovolume
3 0.01667 1,130 (1mm), f 57
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 W 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
57
326 500 e 163,000
232,513

‘Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um®)
BioVolume (um?)/mL

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)






7118111
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume ="

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
16 350 w 5,600
5,000 0
3,000 m 0
24 300 f 7,200
. 225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000- (1mm), v,w 0
300 f 0
1,500 m 0
16 0.3275 60,000 (1mm), v,w 314,400
160 m 0
625 j 0
7,872 f 0
16 2,000 V,W 32,000
870 j 0
90,000 m 0
50 w 0
2,540 f 0
359,200
Number Length Cell Volume Reference Biovolume
10 0.164 1,130 (1mm), f 1,853
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
1,853
[ 1110 ] | 500 | e | 555,000
1,247,975

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)
BioVolume (um®/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)


















9/8/11
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Toftals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

S
Number Length.  Cell Volume Reference Biovolume
12 350 w 4,200
5,000 0
3,000 m 0
22 300 f 6,600
225 f 0]
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
86 0 60,000 (1mm), v,w 1,482,166
160 m 0
625 j 0
7,872 f 0
1 2,000 V,W 2,000
870 j 0
2 90,000 m 180,000
10 50 w 500
2,540 f 0
1,675,466
Number Length Cell Volume Reference Biovolume
221 0 1,130 (1mm), f 36,251
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
36,251
[ 1,010 ] 500 e [ 505,000
- 2,352,351

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)

BioVolume (um®)/mL

equation for prolate spheriod in Hillebrand (1999)







9/22/11
Top

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscitlatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
30 350 w 10,500
5,000 0
3,000 m 0
46 300 f 13,800
225 f, 0
3,506 f 0
300 e 0
4,000 m 0
4 225 900
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
301 0.28 60,000 (1mm), v,w 5,056,800
160 m 0
625 j 0
7,872 f 0
4 2,000 V,W 8,000
870 j 0
90,000 m 0
16 50 w 800
2,540 f 0
5,090,800
Number Length Cell Volume Reference Biovolume
671 0.08677 1,130 (1mm), f 65,795
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0]
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
] 65,795
[ 3182 ] 500 e 1,591,000
8,429,187

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um®)

BioVolume (um?®/mL

equation for prolate spheriod in Hillebrand (1999)













51311
Mid

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume  Reference  Biovolume
80 350 w 28,000
5,000 0
3,000 m 0
4 300 f 1,200
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), vw 0
300 f 0
1,500 m 0
92 0.3808333 60,000 (1mm), vw| 2,102,200
' 160 m 0
625 i 0
7,872 f 0
2 2,000 V,W 4,000
870 j 0
90,000 m 0
2 50 w 100
2,540 f 0
2,135,500
Number Length Cell Volume - Reference  Biovolume
4 0.07 1,130 (1mm), f 316
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
316
500 e | 0
2,144,408

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?®)
BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated

using equation for prolate spheriod in Hillebrand (1999)







5117111
Mid

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
37 350 w 12,950
5,000 0
3,000 m 0
12 300 f 3,600
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
52 0.24375 60,000 (1mm), vw 760,500
160 m 0
625 i 0
7,872 f 0
2,000 V,W 0
870 i 0
2 90,000 m 180,000
3 50 w 150
2,540 f 0
957,200
Number Length Cell Volume Reference Biovolume
- 1,130 (Amm), f 0
1,130 (1mm), e 0
163 f 0
40 (Imm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
[ 500 e 0
995,746

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um®)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated

using equation for prolate spheriod in Hillebrand (1999)













6/24/11
Mid

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number  Length Cell Volume Reference Biovolume
350 w 0
5,000 0
3,000 m 0
4 300 f 1,200
225 f 0
3,506 f 0
300 e 0
4,000 m 0
225 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
9 0.131 60,000 (1mm), v,w 70,740
160 m 0
3 625 i 1,875
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
50 w 0
5 2,540 f 12,700
86,515
Number  Length Cell Volume Reference Biovolume
5 0.054 1,130 (1mm), f 305
1,130 (1mm), e 0
163 f 0
40 (1Tmm),w 0
382 f 0
2,000 w 0
80 (1Tmm),w 0
1 0.02 100,000 (1mm), w 2,000
30,000 (1mm), v 0
540 e 0
2,305
[ 92 ] 500 e 46,000 |
144,861

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

equation for prolate spheriod in Hillebrand (1999)










































10/6/11
Mid

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
10 350 w 3,500
5,000 0
3,000 m 0
300 f 0
2 225 f 450
3,506 f 0
300 e 0
4,000 m 0
4 225 900
200,000 (1mm), v,w 0
4 300 f 1,200
1,500 m 0
792 0.1748 60,000 (1mm), v,w 8,306,496
160 m 0
4 625 j 2,500
7,872 f 0
2 2,000 Vv,W 4,000
4 870 j 3,480
2 90,000 m 180,000
10 50 w 500
16 2,540 f 40,640
8,543,666
Number Length Cell Volume Reference Biovolume
270 0.10545455 1,130 (1mm), f 32,174
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
2 0.33 100,000 (1Tmm), w 66,000
30,000 (Tmm), v 0
600 e 0
98,174
3,872 | 500 e 1,936,000
10,739,860

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um®)

BioVolume (wm?®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

equation for prolate spheriod in Hillebrand (1999)







513111
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

m=measured (Hlllebrand 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated
using equation for prolate spheriod in Hillebrand (1999)

S
Number Length  Cell Volume Reference Biovolume
256 350 w 89,600
5,000 0
-3,000 m 0
10 300 f 3,000
225 f 0
3,506 f 0
300 e 0
4,000 m 0
14 250 3,500
6 0.021667 200,000 (1mm), v,w 26,000
300 f 0
1,500 m 0
388 0.192143 60,000 (1mm), v,w 4,473,086
160 m 0
9 625 i 5,625
7,872 f 0
2,000 V,W 0
1 870 i 870
90,000 m 0
5 50 w 250
12 2,540 f 30,480
4,632,411
Number Length  Cell Volume  Reference Biovolume
2 0.025 1,130 (1mm), f 57
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 . e 0
57
483 | 500 e 241,500
4,898,727

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um®)

BioVolume (um?®)/mL







517111
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Eunotia
Epithemia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena

Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria

Single cell with sheath
Totals '
threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number  Length Cell Volume Reference Biovolume
33 350 w 11,550
5,000 0
3,000 m 0
8 300 f 2,400
225 f 0
3,506 f 0
300 e 0
4,000 m 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
79 0.225 60,000 (1mm), v,w 1,066,500
160 m 0
3 625 j 1,875
7,872 f 0
2,000 V,W 0
870 i 0
90,000 m 0
9 50 w 450
1 2,540 f 2,540
1,085,315
Number  Length Cell Volume Reference Biovolume
1,130 (1mm), f 0
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
0
500 e | 0
1,121,364

Number of cells or colonies per mL
Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um®)/mL

m=measured (Hillebrand, 1999)

=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

equation for prolate spheriod in Hillebrand (1999)



















716/11
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

S
Number Length Cell Volume  Reference Biovolume
350 w 0
5,000 0
3,000 m 0
11 300 f 3,300
225 f 0
3,506 f 0
300 e 0
4,000 m 0
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
5 0.062 60,000 (1mm), v,w 18,600
160 m 0
625 j 0
7,872 f 0
2 2,000 v,W 4,000
870 j 0
90,000 m 0
10 50 w 500
2,540 f 0
26,400
Number Length Cell Volume  Reference Biovolume
4 0.085 1,130 (1mm), f 384
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1Tmm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
384
280 | | 500 | e | 140,000
180,364

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)
Volume of cell or colony (um®)

BioVolume (um?)/mL

equation for prolate spheriod in Hillebrand (1999)













8/1/11
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia .

- Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion -
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Rivularia

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length  Cell Volume Reference Biovolume
25 350 w 8,750
5,000 0
3,000 m 0
11 300 f 3,300
225 f 0
3,506 f 0
300 e 0
4,000 m 0
6 225 900
200,000 (1mm), v,w 0
300 f 0
1,500 m 0
92 0 60,000 (1mm), v,w 1,232,064
160 m 0
1 625 j 625
7,872 f 0
2,000 V,W 0
870 j 0
90,000 m 0
- 50 w 0
2 2,540 f 5,080
1,250,719
Number Length  Cell Volume Reference Biovolume
157 0.18633 1,130 (1mm), f 33,057
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
4 0.35 100,000 (1mm), w 140,000
30,000 (1mm), v 0
540 e 0
173,057
[ 2800 | 500 e 1,400,000
2,895,160
2

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um?®)/mL

equation for prolate spheriod in Hillebrand (1999)













9/8/11
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
100 350 W 35,000
5,000 0
3,000 m 0
86 300 f 25,800
22 225 f 4,950
3,606 f 0
300 e 0
4,000 m 0
112 225 900
200,000 (1mm), v,w 0
4 300 f 1,200
1,500 m 0
2,856 0 60,000 (1mm), v,w 41,071,123
160 m =0
18 625 j 11,250
7,872 f 0
2,000 V,W 0
14 870 i 12,180
32 90,000 m 2,880,000
18 50 w 900
2,540 f 0
- 44,043,303
Number Length Cell Volume Reference Biovolume
170 0 1,130 (1mm), f 13,447
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1Tmm),w 0
100,000 (1mm), w 0
30,000 (1mm), v 0
540 e 0
13,447
[ 1,406 | 500 ] e 703,000
45,705,548

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um®)

BioVolume (um?®)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using

equation for prolate spheriod in Hillebrand (1999)







9/22/11
Bot

Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria

Single cell with sheath
Totals

threads

All Phyla Totals -

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

S
Number Length Cell Volume  Reference Biovolume
68 350 W 23,800
5,000 0
3,000 m 0
78 300 f 23,400
2 225 f 450
3,506 f 0
300 e 0
4,000 m 0
28 225 900
200,000 (1mm), v,w 0
2 300 f 600
1,500 m 0
1,080 0 60,000 (1mm), v,w 13,697,379
160 m 0
2 625 i 1,250
7,872 f 0
2,000 V,W 0
870 j 0
6 90,000 m 540,000
14 50 w 700
2,540 f 0
14,288,479
Number Length  Cell Volume  Reference Biovolume
514 0 1,130 (1mm), f 15,132
1,130 (1mm), e 0
163 f 0
40 (1mm),w .0
382 f 0
2,000 w 0
80 (1mm),w 0
2 0 100,000 (1mm), w 80,000
30,000 (1mm), v 0
540 e 0
95,132
[ 4,644 500 e 2,322,000 |
17,261,437

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um®)/mL

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in-Hillebrand (1999)






10/6/11

Bot
Bacillariophyta
Asterionella
Cavinula
Craticula
Cyclotella
Cymbella
Diatoma
Ellerbeckia
Epithemia
Eunotia
Fragilaria
Gomphonema
Gyrosigma
Melosira (Aulacoseira)
Meridion
Navicula
Pinnularia
Stephanodiscus
Surirella
Stauroneis
Synedra
Tabellaria
Totals

Cyanophyta
Anabaena
Anacystis
Aphanizomenon
Aphanocapsa
Gleotrichia
Gomphosphaeria
Merismopeida
Microcystis
Oscillatoria
Single cell with sheath
Totals

threads

All Phyla Totals

Number =
Length =

Cell Volume =
Biovolume =

w=Wetzel, 1975
f=Funk, 1974

S
Number Length Cell Volume Reference Biovolume
42 350 w 14,700
5,000 0
3,000 m 0
300 f 0
1 225 f 225
3,506 f 0
300 e 0
4,000 m 0
1 225 900
200,000 (1mm), v,w 0
2 300 f 600
1,500 m 0
388 0 60,000 (1mm), v,w 6,485,143
160 m 0
625 j 0
7,872 f 0
2,000 v,W 0
2 870 i 1,740
1 90,000 m 90,000
2 50 w 100
1 2,540 f 2,540
6,595,948
Number Length Cell Volume Reference Biovolume
143 1 1,130 (1mm), f 83,530
1,130 (1mm), e 0
163 f 0
40 (1mm),w 0
382 f 0
2,000 w 0
80 (1mm),w 0
100,000 (Imm), w 0
30,000 (1mm), v 0
600 e 0
83,530
[ 3964 | 500 e 1,982,000
9,218,890

Number of cells or colonies per mL

Mean length or diameter of filaments or colonies (mm)

Volume of cell or colony (um?)

BioVolume (um?)/mL

m=measured (Hillebrand, 1999)

j=juul,
v=vollenweider, 1974
e=estimate
Estimates:

Gonium : measurements from Canter-Lund and Lund (1995), Biovolume calculated using
equation for prolate spheriod in Hillebrand (1999)






















