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Abstract

:

Phytoplankton growth rates and zooplankton grazing rates were estimated on 16 occasions over a period of 17 months in University Lake, a highly eutrophic lake on the campus of Louisiana State University. Phytoplankton growth rates and chlorophyll a concentrations averaged 1.0 ± 0.2 d−1 and 240 ± 120 mg m−3, respectively. Chlorophyll a concentrations were at or above the inflection point of the Holling type I curve that described the relationship between zooplankton grazing rates and chlorophyll a concentrations. In most cases, it was necessary to dilute lake water by more than a factor of 4 before zooplankton grazing rates became sensitive to chlorophyll a concentrations. Chlorophyll a concentrations were positively correlated with temperature and were roughly fourfold higher at 30 °C than at 15 °C. An analysis of the temperature dependence of the growth rates and grazing rates in this study and 87 other paired estimates of limnetic phytoplankton growth rates and zooplankton grazing rates revealed virtually identical temperature dependences of growth rates and grazing rates that were very similar to the temperature dependence predicted by the metabolic theory of ecology. Phytoplankton growth rates exceeded zooplankton grazing rates by 0.13 ± 0.05 d−1 at all temperatures over a temperature range of 8.5–31.5 °C. The Q10 for both phytoplankton growth rates and zooplankton grazing rates was 1.5 over that temperature range.
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1. Introduction


In 1972, Eppley published a now-classic paper [1] in which he concluded, based on analysis of an extensive dataset of growth rates of approximately 130 species or clones of freshwater and marine algae in culture, that at temperatures below 40 °C, the maximum growth rates of phytoplankton increase exponentially with temperature. Eppley [1] estimated the Q10 for the maximum growth rate to be 1.88. Subsequent studies of phytoplankton growth rates as a function of temperature by Goldman and Carpenter [2] and Bissinger et al. [3] were consistent with a Q10 of 1.88. However, Kremer et al. [4] have recently concluded, based on an extensive analysis of laboratory cultures of diatoms, dinoflagellates, green algae, and cyanobacteria, that the Q10 for phytoplankton growth is 1.53 rather than 1.88. Kremer et al.’s [4] analysis was based on application of the so-called metabolic theory of ecology (MTE), and when they reanalyzed the Eppley [1] data accounting for “functional group and mass”, they concluded that the temperature dependence implied by those data was very similar to the results of their MTE analysis.



The studies of Eppley [1], Goldman and Carpenter [2], Bissinger et al. [3], and Kremer et al. [4] were all based on studies of laboratory cultures. No similar studies of the temperature dependence of the growth rates of natural phytoplankton populations have been carried out. In the work reported here, we measured the growth rates of the phytoplankton in a shallow, naturally eutrophic lake in which the temperature varies from roughly 14 to 31 °C [5]. Because of the highly eutrophic status of the lake, we assumed that phytoplankton growth rates were not limited by nutrient concentrations, and we hypothesized that the Q10 of the growth rates would be either 1.53 or 1.88. The methodology we used allowed us to estimate both phytoplankton growth rates and zooplankton grazing rates, and we extended the analysis by including 87 paired estimates of phytoplankton growth rates and zooplankton grazing rates in other lakes.




2. Materials and Methods


The studies were carried out in University Lake on the campus of Louisiana State University (Figure 1). The lake has an area of ~80 ha, an average depth of 0.86 m, and a hydraulic retention time of ~50 days [5]. Concentrations of ammonium, nitrate, phosphate, and chlorophyll a (chl a) in the lake average ~4 µM, 0.2 µM, 0.5 µM, and 75 µg L−1, respectively. Diagnostic pigment analyses have indicated that more than 80% of the chl a in the lake is accounted for by Chlorophyceae and Cyanophyceae [5].



We used the dilution technique originally developed by Landry and Hassett [6] to estimate phytoplankton growth rates and zooplankton grazing rates in the lake. The technique has traditionally assumed that zooplankton grazing rates are directly proportional to the concentration of phytoplankton, and based on that assumption, dilution of a natural sample of water by filtrate of that same water would be expected to reduce zooplankton grazing rates in a proportional manner. A graph of the net exponential rate of increase of the phytoplankton (i.e.,    1 p    d p   d t    ) versus the fraction (f) of unfiltered water should therefore be linear with a value equal to the phytoplankton growth rate (μ) at f = 0 and a negative slope, the magnitude of which is the zooplankton grazing rate (g) in the undiluted water. Both μ and g have units of inverse time.



Some dilution experiments, however, have produced relationships between the net exponential rate of increase of phytoplankton and f that are distinctly nonlinear [7,8,9], and in these cases, nonlinear models of the relationship between per capita zooplankton grazing rates and phytoplankton concentrations, such as Holling type I or II models [10,11], have been used [7,12]. The simplest nonlinear formulation is a piecewise linear or Holling type I function. In that case, the zooplankton per capita grazing rate is a linear function of the phytoplankton concentration, in accordance with Landry and Hassett [6], for phytoplankton concentrations below the breakpoint in the piecewise linear model. As a result of the hypereutrophic condition of University Lake, we hypothesized that dilution experiments would reveal that the relationship between phytoplankton concentrations and zooplankton grazing rates in the lake was highly nonlinear.



A total of 16 dilution experiments were conducted with water from University Lake from 15 October 2018 to 16 March 2020. One liter of water was collected by submerging a one-liter, pre-cleaned polyethylene bottle just below the surface of the water adjacent to a dock near the outlet from the lake to Bayou Duplantier (Figure 1). The temperature of the water was measured at the time of sampling to the nearest 0.1 °C with a thermometer that had been calibrated at 0 °C and 100 °C. The sample bottle was returned to the laboratory within 10 minutes for processing.



In the laboratory, triplicate 10-mL samples for initial chl a analysis were filtered onto 25 mm Whatman GF/F filters with a nominal pore size of 0.7 µm. The filters were wrapped in aluminum foil and stored in a freezer for subsequent analysis.



For dilution experiments, 450 mL of whole lake water was filtered through a glass fiber filter with a nominal porosity of 1.6 µm at a vacuum pressure of 100–200 mm Hg. Concentrations of chlorophyll a (chl a) in the filtrate were not significantly different from zero (t-test, p = 0.29). The filtrate was combined with unfiltered lake water via serial dilutions. Triplicate 25-mL volumes of unfiltered lake water and lake water diluted by 2, 4, 8, 16, 32, and on four occasions 64-fold were prepared for incubation and transferred to 60 mL borosilicate glass incubation bottles. Because chl a concentrations in the lake were never less than 40 mg L−1, the chl a concentrations in the bottles diluted 32-fold were at least 1.25 mg L−1 and were therefore at least ~15 times the chl a concentrations in the surface waters of an oligotrophic ocean site such as Station ALOHA (https://hahana.soest.hawaii.edu/hot/hot_jgofs.html; accessed 2 June 2021). Thus, we felt that the 60-mL bottles contained a representative sample of the phytoplankton in the lake. However, we cannot rule out the possibility that the abundance of uncommon organisms (e.g., large grazers) in the incubation bottles was not representative of their abundance in the lake. The 18 bottles were placed end-to-end in three rows of a temperature-controlled water bath mounted on a rocker table so that the water in each bottle could slosh back and forth as the table rocked. One of the triplicate bottles corresponding to each of the six treatments was placed in each of the three rows. The temperature of the water bath was identical to the temperature of the lake water at the time the sample was collected. The cultures were illuminated on a light:dark cycle of 14 hours of light followed by 10 hours of dark. The irradiance on the bottles varied between 38 (bottles furthest from the light bank) to 182 (bottles closest to the light bank) µmol photons m−2 s−1 of visible light (400–700 nm wavelength) from a bank of cool-white fluorescent lamps. Based on the average chl a concentration in the lake (~240 mg m−3, Table A1 in Appendix A) and a mean spectral extinction coefficient of 0.014 m2 mg−1 chl a [13], the ratio of these irradiances corresponded to a depth interval of about half the mean depth of University Lake. The averages of the chl a concentrations in the three incubation bottles corresponding to each treatment were used to estimate phytoplankton growth rates and zooplankton grazing rates.



The incubations were terminated after 24 h by filtering the contents of each bottle through 0.7-µm Whatman GF/F filters. The filters, including the three taken for the initial chl a concentration, were then extracted in methanol overnight. Filter debris was removed from the extracts via filtration (Whatman GF/F), and the absorbances of the extracts were measured at 664 nm (chl a) and 750 nm (background) with a Cary-50 UV-Visible spectrophotometer (Agilent Technologies, Santa Clara, CA, USA). Paired comparisons in which filter debris was removed via filtration versus grinding with a mortar and pestle followed by centrifugation produced chl a concentrations that were not significantly different (p = 0.55). The concentrations of chl a were determined assuming a chl a specific absorption coefficient at 664 nm of 74.75 g−1 cm−1 [14]. The chl a concentrations in the three replicates of each treatment were averaged, and the ratio of the final to the initial chl a concentration in each treatment was the criterion used to calculate growth rates and grazing rates.



In none of the 16 dilution experiments was the logarithm of the ratio of the final to initial chl a concentration a linear function of the fraction of unfiltered lake water. In most cases, it was necessary to dilute the water by more than a factor of 4 before the ratio began to change systematically. We tried fitting Holling type I (piecewise linear) and Holling type II (rectangular hyperbola) grazing rate functions to the data and found that the Holling type I consistently gave a better fit to the data. Because the grazing rate of the zooplankton depended on the phytoplankton concentration, we integrated the differential equations describing the rate of change of the chl a concentrations with the Holling type I model in one-hour time steps from time 0 to time 24 hours using a simple Euler integration as follows:


If P0 > 2K, P = P0 + (µ × P0 − Gmax/D)Δt



(1)






If P0 < 2K, P = P0 + [µ × P0 − Gmax/D × P0/(2K)]Δt



(2)




where D is the dilution factor (i.e., 1, 2, 4, 8, 16, 32, or 64), Gmax is the maximum grazing rate of the zooplankton in the absence of dilution (µg chl a L−1 h−1), K is the chl a concentration at which the grazing rate equals one-half Gmax/D (µg chl a L−1), µ is the phytoplankton growth rate (h−1), P0 is the chl a concentration at the start of the one-hour time interval (µg chl a L−1), and Δt equals 1 hr. Values of µ, Gmax, and K were chosen to give the best fit in a least-squares sense to the ratios of the final to initial chl a concentrations.




3. Results


Figure 2 shows the final/initial ratios of chl a concentrations as a function of the fraction of diluted lake water for the experiment conducted on 6–7 November 2018. Note that it was necessary to dilute the lake water in this case by a factor of 16 before chl a concentrations started to increase. This result was qualitatively typical of the 16 dilution experiments (Table A1, Appendix A). The mean and median of the coefficients of determination (R2) between the experimental final/initial chl a ratios and those predicted by integrating the Holling type I model were 0.89 and 0.90, respectively. The temperature of the water was positively correlated with both chl a concentrations (Spearman r = 0.49, p = 0.05) and K values (Spearman r = 0.54, p = 0.03). Net phytoplankton growth rates (i.e., natural logarithms of final/initial chl a concentrations) in undiluted lake water were not significantly different from zero (t-test, p = 0.10).



To explore the temperature dependence of phytoplankton growth rates and zooplankton grazing rates in limnetic systems, we combined the results of our 16 experiments with 87 paired estimates of phytoplankton growth rates and zooplankton grazing rates reported by Boyer et al. [15], Lavrentyev et al. [16], Tadonleke and Sime-Ngando [17], Adrian et al. [18], Griniene et al. [19], Staniewski et al. [20], Sterner et al. [21], Tijdens et al. [22], Twiss et al. [23], Weisse et al. [24], Davis et al. [25], and Collos et al. [26]. The principal difference between these earlier studies and ours was that the biomass of phytoplankton in University Lake was far above the range of concentrations within which the relationship between zooplankton grazing and phytoplankton biomass is linear. We binned the data into roughly equal temperature intervals (Figure 3) and found that there were highly significant correlations between the mean temperatures and mean growth rates and between the mean temperatures and mean grazing rates (Figure 3, Spearman r = 1.0, p = 0.0028 in both cases).



A nonparametric sign test of the 87 + 16 = 103 paired µ and g rates revealed that phytoplankton growth rates consistently exceeded zooplankton grazing rates (p = 0.00145). The average difference was 0.13 ± 0.05 d−1. Because phytoplankton can be removed from a system by mechanisms other than zooplankton grazing (e.g., viral lysis, sinking, apoptosis), it seems logical that phytoplankton growth rates would tend to exceed zooplankton grazing rates if overall gains and losses are in balance.



We fit ordinary least squares regression lines to the logarithms of the mean growth rates and mean grazing rates in Figure 3. The slopes of the regression lines were 0.0393 and 0.0433 °C−1. Neither slope was significantly different from the slope of 0.0425 °C−1 associated with a Q10 of 1.53 (t-test, p<0.05), but both slopes were significantly different from the slope of 0.063 °C−1 associated with a Q10 of 1.88 (t-test, p > 0.90). The estimated Q10 values for the growth rates and grazing rates were 1.48 and 1.54, respectively.




4. Discussion


The temperature dependence of phytoplankton growth rates and zooplankton grazing rates are obviously of interest with respect to the anticipated effects of global warming. Predictions of the effects of temperature on the growth rates of phytoplankton communities based on studies of unialgal cultures are confounded by the fact that there are systematic differences in the growth rates of phytoplankton cells as a function of cell size and between functional groups. Within functional groups, large cells tend to grow more slowly than small cells [27,28,29,30], and between functional groups, the order of growth rates is green algae > diatoms > cyanobacteria > dinoflagellates [4]. Kremer et al. [4] have argued that when allowance is made for differences associated with functional groups and cell size, reassessment of the growth rate data analyzed by Eppley [1] gives an exponent of ~0.048 °C−1 rather than 0.063 °C−1. Metabolic rates are assumed to be more temperature-sensitive for heterotrophs than autotrophs because the activation energy is greater for respiration (0.65 ev) than for photosynthesis (0.32 ev) [31,32], and this expectation has been supported by studies of natural plankton populations [33]. It might therefore be expected that zooplankton grazing rates would be more temperature-sensitive than phytoplankton growth rates, but our analysis indicated that the temperature sensitivities of the two were very similar (Figure 3). A logical explanation for this similarity is that over a timeframe on the order of several weeks, the gains and losses of phytoplankton biomass must approximately balance. The grazing rate of zooplankton estimated with the dilution method is the product of the grazing rate per unit biomass of the zooplankton and the biomass of the zooplankton. The former may be more temperature-sensitive than the growth rate of the phytoplankton, but that temperature sensitivity can be tempered by compensating changes of zooplankton biomass. Our analysis (Figure 3) indicates that the resultant temperature sensitivities of limnetic zooplankton grazing rates and the growth rates of natural communities of phytoplankton are very similar and in accordance with expectations based on the metabolic theory of ecology.



Numerous models of primary production in aquatic systems have assumed a Q10 of 1.88 for phytoplankton growth rates in accordance with Eppley [1] to parameterize satellite observation algorithms and predict the responses of aquatic systems to climate change [34,35,36,37,38,39]. The results of this study of natural freshwater phytoplankton communities and the extensive analysis of studies of unialgal cultures by Kremer et al. [4] suggest that a Q10 of 1.88 is probably too high for phytoplankton growth rates; a Q10 of 1.53 is a more realistic estimate.
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Table A1. Summary of results of 16 dilution experiments conducted in University Lake.






Table A1. Summary of results of 16 dilution experiments conducted in University Lake.





	Date
	Initial Chlorophyll (mg L−1)
	Temp. (°C)
	μ (d−1) 1
	g (d−1) 2
	Gmax

(mg chl a L−1 d−1) 3
	K

(mg chl a L−1) 4
	R2 5





	10/15/18
	372
	26.2
	0.95
	1.10
	408
	21
	0.895



	10/26/18
	156
	20.3
	2.1
	2.00
	312
	8
	0.876



	11/6/18
	148
	22.2
	2.65
	2.59
	384
	3
	0.967



	11/12/18
	137
	16.8
	0.75
	0.70
	96
	1.5
	0.839



	11/18/18
	96.7
	11
	1.5
	1.49
	144
	1
	0.915



	12/3/18
	87
	14
	0.2
	0.28
	24
	5
	0.722



	1/17/19
	65.5
	12.8
	2.6
	2.56
	168
	4.5
	0.958



	2/22/19
	40.1
	20.3
	0.6
	0.60
	24
	1
	0.946



	4/26/19
	2012
	23.6
	0.35
	0.62
	1248
	400
	0.834



	6/27/19
	232
	30.5
	0.35
	0.31
	72
	102
	0.858



	9/10/19
	376
	33
	0.3
	0.38
	144
	67
	0.966



	9/19/19
	337
	30.3
	1.35
	1.42
	480
	69.5
	0.999



	9/22/19
	114
	31.6
	1.85
	1.26
	144
	9.5
	0.989



	11/12/19
	177
	11
	0.4
	0.54
	96
	30.5
	1.0



	2/26/20
	56.1
	15.7
	0.4
	0.43
	24
	8.5
	0.63



	3/16/20
	60.7
	24.2
	0.2
	0.40
	24
	4.5
	0.86







1 phytoplankton growth rate. 2 zooplankton grazing rate in undiluted water (= Gmax ÷ initial chlorophyll concentration). 3 zooplankton grazing rate when chl a concentration exceeds 2K in undiluted water. 4 chlorophyll concentration when zooplankton grazing rate is half Gmax/D. 5 fraction of variance of final/initial chl a concentrations explained by model.
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Table A2. Summary of 87 paired phytoplankton growth rates and zooplankton grazing rates that were combined with results of this study (Table A1) to produce Figure 3.






Table A2. Summary of 87 paired phytoplankton growth rates and zooplankton grazing rates that were combined with results of this study (Table A1) to produce Figure 3.





	Temperature (°C)
	Phytoplankton Growth Rate (d−1)
	Zooplankton Grazing Rate (d−1)
	Reference





	22
	1.23
	1.79
	[18]



	9
	1.28
	1.62
	[18]



	11
	0.7
	0.1
	[15]



	11
	0.4
	−0.3
	[15]



	10
	0.9
	0.2
	[15]



	19
	1.2
	0.3
	[15]



	16
	0
	−0.1
	[15]



	15
	−1.3
	−1.5
	[15]



	16
	−0.7
	−1.3
	[15]



	21
	−0.2
	−1.1
	[15]



	20
	0.8
	0.4
	[15]



	22
	0.9
	0
	[15]



	25
	0.4
	0.3
	[15]



	22
	1
	0.5
	[15]



	20
	1.1
	0.8
	[15]



	16
	0.9
	0.6
	[15]



	13
	0.9
	0.7
	[15]



	6
	−0.8
	−0.9
	[15]



	18.6
	1.33
	−1.83
	[19]



	18.6
	0.19
	−0.35
	[19]



	21
	−0.1
	0.03
	[16]



	21
	0
	0
	[16]



	17
	−0.05
	0.3
	[16]



	21
	0.34
	0.07
	[16]



	21
	0.96
	1.34
	[16]



	17
	0.87
	0.51
	[16]



	21
	0.26
	0.21
	[16]



	21
	0.1
	0.17
	[16]



	17
	1.42
	0.27
	[16]



	21
	0.43
	0.33
	[16]



	21
	0.16
	0.4
	[16]



	17
	0.6
	0
	[16]



	21
	0.32
	0
	[16]



	21
	0.16
	0.11
	[16]



	17
	0.91
	0.27
	[16]



	21
	0.5
	0.25
	[16]



	21
	0.18
	0.1
	[16]



	17
	1.34
	0.69
	[16]



	21
	0.51
	0.53
	[16]



	21
	0.32
	0.45
	[16]



	17
	0.29
	1.13
	[16]



	19.2
	0.19
	0.32
	[20]



	19.2
	1.87
	2.79
	[20]



	19.2
	1.51
	1.65
	[20]



	19.2
	1.7
	1.01
	[20]



	15
	0.09
	0.07
	[21]



	20
	0.37
	0.26
	[21]



	20.2
	0.78
	0.87
	[21]



	15
	0.24
	1.01
	[21]



	20
	1.22
	1.34
	[21]



	20.2
	1.66
	1.92
	[21]



	20.7
	0.38
	0.27
	[17]



	18.6
	0.73
	0.62
	[17]



	22.1
	1.15
	0.66
	[17]



	21.4
	0.69
	0.42
	[17]



	23.2
	0.43
	0.21
	[17]



	24
	0.37
	0.28
	[17]



	21.3
	0.52
	0.42
	[17]



	19.6
	0.23
	0.16
	[17]



	20.7
	0.5
	0.04
	[17]



	18.6
	0.34
	0.06
	[17]



	22.1
	0.19
	0.02
	[17]



	21.4
	0.3
	0.04
	[17]



	23.2
	0.25
	0.059
	[17]



	24
	0.18
	0.07
	[17]



	21.3
	0.44
	0.04
	[17]



	19.6
	0.23
	0.03
	[17]



	18
	0.58
	0.52
	[22]



	18
	2.32
	2.29
	[22]



	21
	1.07
	1.93
	[23]



	21
	0.74
	0.88
	[23]



	21
	0.33
	0.28
	[23]



	21
	0.5
	1.6
	[23]



	21
	0.31
	0.67
	[23]



	21
	0.68
	0.18
	[23]



	8.5
	0.312
	0.264
	[24]



	8.5
	0.264
	0.144
	[24]



	8.5
	0.144
	0.264
	[24]



	8.5
	0.48
	0.528
	[24]



	8.5
	0.456
	0.528
	[24]



	28
	0.61
	0.58
	[26]



	28
	1.08
	0.61
	[26]



	24
	0.25
	0.37
	[25]



	24
	0.47
	0.68
	[25]



	24
	0.8
	0.3
	[25]



	24
	0.74
	0.69
	[25]



	24
	0.65
	0.38
	[25]
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Figure 1. Map of University Lake. Water samples for dilution experiments were collected from a dock adjacent to site 1. Tick marks on abscissa and ordinate indicate west latitude and north longitude, respectively. Figure taken from Norris and Laws [5]. Direction of north is directly upward. 
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Figure 2. Results of the dilution experiment with University Lake water conducted on 6–7 November 2018. Triangles are experimental data. The smooth curve is the result of numerically integrating Equations. 1–2 with constants chosen to give the best fit in a least-squares sense to the data. Note that the abscissa is scaled so that the intervals between the diluted fractions are equal. 
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Figure 3. Phytoplankton growth rates (µ, d−1) and zooplankton grazing rates (g, d−1) from this study and from the rates reported by Boyer et al. [15], Lavrentyev et al. [16], Tadonleke and Sime-Ngando [17], Adrian et al. [18], Griniene et al. [19], Staniewski et al. [20], Sterner et al. [21], Tijdens et al. [22], Twiss et al. [23], Weisse et al. [24], Davis et al. [25], and Collos et al. [26]. Data have been binned into six temperature intervals of 5–11, 11–18, 18–22, 22–26, 26–30, and 30–35 °C. Symbols indicate mean values in each interval, and error bars are standard errors of the means. Solid curves are simple exponential functions of temperature fit to the growth rates (black) and grazing rates (red) and correspond to Q10 values of 1.48 and 1.54, respectively. In the experiments conducted in University Lake, g equaled Gmax divided by the initial chl a concentration. 






Figure 3. Phytoplankton growth rates (µ, d−1) and zooplankton grazing rates (g, d−1) from this study and from the rates reported by Boyer et al. [15], Lavrentyev et al. [16], Tadonleke and Sime-Ngando [17], Adrian et al. [18], Griniene et al. [19], Staniewski et al. [20], Sterner et al. [21], Tijdens et al. [22], Twiss et al. [23], Weisse et al. [24], Davis et al. [25], and Collos et al. [26]. Data have been binned into six temperature intervals of 5–11, 11–18, 18–22, 22–26, 26–30, and 30–35 °C. Symbols indicate mean values in each interval, and error bars are standard errors of the means. Solid curves are simple exponential functions of temperature fit to the growth rates (black) and grazing rates (red) and correspond to Q10 values of 1.48 and 1.54, respectively. In the experiments conducted in University Lake, g equaled Gmax divided by the initial chl a concentration.



[image: Water 13 01591 g003]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  water-13-01591


  
    		
      water-13-01591
    


  




  





media/file5.png
Final/Initial Biomass

5.9

4.5

3.5

2.5

11/6/18 Experiment

W

AN
A R R [ T R R T

|

1/2 3/4 7/8 15/16

Fraction Diluted

31/32

63/64






media/file6.jpg
4 Growth Rates.
@ Grazing Rates

14

12f

- 2 9 %
s 3 3
(,.P) @12y Buzess 10 oI

02

30

20 25
Temperature (°C)

15

10





media/file3.png
91°10°30° 91° 10’ 00

91 o 09! 30::
|
Dalrymple Dr.
30°
= vl
ol Il 2
Q ¢
-
D o
c
= .)
Q. —
<)
3 2
O -1
o e
o
S. Campus Dr
30° | -
25’ |— | . a
30”
|






media/file0.png





media/file4.jpg
55
5 11/6/18 Experiment
2 a
15
=
1 a
0 12 34 718 1516 3132 63/64

Fraction Diluted






media/file7.png
1.4

12

O O
o)) oo =

Growth or Grazing Rate (d'1)

O
[N

0.2

Growth Rates
Grazing Rates

10 15 20
Temperature (°C)

25

30

35





media/file2.jpg
91°10'30" 91°10'00™ 91°09'30"
T
Dalrymple Dr.

University Lake






