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Abstract 
The zooplankter genus Daphnia have been one of the most popular model organism for 

studies on population dynamics for a long time. Most models constructed as a part of these 

studies use a Type II Hollings functional response and whether the Type III response type 

occurs in Daphnia sp. or not has been the subject of debate. Recent studies, however, reveal 

evidence of a Type III response and challenge this opinion.  This study explains and 

illustrates the theoretical instability of a system modelled with the type II response and the 

more stable nature of a type III system through the use of both simulations and graphs. 

Furthermore, both a short term experiment in which Daphnia magna were fed 

Monoraphidium minutum so that the functional response could be studied and a long term 

experiment with the purpose of constructing a model that describes the population dynamics 

were performed. The functional response experiment indicated the possibility of a type III 

functional response, but due to large variation within low food density treatments it cannot 

be clearly distinguished from a type II response. The general trend, however, seems to 

indicate that if there is a type III response, it is not stabilizing. Unfortunately, the long term-

dynamics experiment suffered from too much unexplainable D. magna mortality to conclude 

anything besides the fact that enrichment seems to increase the maximum number Daphnia 

of individuals the system may sustain. Future studies should consider the improvements 

suggested of the experimental design to help prevent similar problems. 
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1. Introduction 

Traditional illustrations of the three types of Holling functional responses plot predator 
feeding rate over prey density in a way that gives either a linear (Type I), upwards convex 
(Type II) or sigmoidal (type III) functional response ( Figure 1; Holling 1959). While this sort 
of illustration has its uses, the ever present variation within empirical data may make the task 
of distinguishing the three functional response types from each other extremely difficult 
when they are illustrated like this. 
 
The quick, parthenogenetic reproductive nature and small size of the zooplankter genus 
Daphnia have, in combination with their phytoplankton prey, made them one of the most 
popular go-to organisms for the studies of predator-prey dynamics (Jeschke et al. 2004). The 
common opinion of the scientific community have long been that Daphnia express a 
saturating Holling type II functional response (e.g. Porter et al 1982, Murdoch et al. 1998, see 
also: Sarnelle & Wilson 2008), yet in recent years, evidence of a type III response have 
started to surface (Chow-Frazer & Sprules 1992, Sarnelle & Wilson 2008, Morozov 2010). 
The Hollings models are usually the preferred model for food web dynamics as they are 
relatively simple from a mathematical perspective whereas they, from a biological 
perspective, contain no trait that makes them more or less preferable to other models of 
similar shape (Gross et al. 2004). One important feature of type II response, however, is how 
nutrient enrichment should result in sustained predator-prey cycles, yet these are rarely 
observed in Daphnia, and when they are, the amplitude is lower than that predicted by 
theory (explored further in 2.2; Murdoch et al. 2003). The stabilizing, sigmoidal, type III 
response could serve to explain this pattern as it tends to dampen these cycles (Holling 1959), 
making the functional response type a thing of potential importance for population 
dynamics.  
 
This study is made up of three parts. (1) A model study that serves to illustrate the 
implications of type II and III functional response in grazers for the stability of a nutrient-
producer-grazer system. (2) A short term experiment that aimed to describe the shape of the 
functional response of Daphnia magna feeding on the phytoplankton Monoraphidium 
minutum. (3) A long term flow-through experiment using a Daphnia-phytoplankton system 
with the purpose of investigating whether or not nutrient enrichment leads to instability.  
 

2.  Model expectations 
 
2.1. How to empirically distinguish the three functional response types. 
A way to partially circumvent the problem of the similar functional response curves is to plot 
the per capita death rate of the prey over their density (see e.g. Chow-Frazer & Sprules 1992, 
Sarnelle & Wilson 2008). Using this method, the three functional response types have 
different shapes at lower prey densities, with Type I being mostly constant at low food 
densities, Type II showing a drop and Type III an increase before they all start to decrease at 
a similar rate (Figure 2).  
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Figure 1. An illustration of the pattern showed by different functional response types when 
feeding rate is plotted against prey density. Type I was fitted by eye. Parameter values for 
type II are a=0.9, h =0.1: parameter values for type III are a =0.4, h =0.2. See eqs. 1b and 
2b for mathematical descriptions of type II and type III responses and Table 1 for 
parameter definitions. 
 

 
Figure 2. An illustration of the pattern showed by different functional response types when 
per capita mortality of prey is plotted against prey density. The figure is using the exact 
same parameter values for each functional response type as in Figure 1. 
 
2.2. The effects of different functional response types on predator-prey 
dynamics 
To provide an illustration of how the long-term dynamics of a predator-prey system generally 
behave when modelled with different functional response types this study investigates a 
model system based on three differential equations. The system describes a limiting nutrient, 
a producer (prey) and a grazer (predator) in a system where nutrient availability, grazer 
pressure and wash-out rate together determine the change in the producer population in 
each step. The models express producers and grazers as biomass (not numbers), i.e. carbon 
per given volume of water. Producer growth is modelled with the Monod equation and thusly, 
they have maximum growth rate and a half-saturation constant. In this case, phosphorous 
(P) will be the limiting nutrient and algal uptake is assumed to be proportional to algal 
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production times a fixed nutrient quota per algal biomass (from Andersen 1997). At all times, 
fresh medium with a pre-defined nutrient concentration and rate is supplied to the system, 
replacing a constant proportion of the volume per day. The models assume a well-mixed 
system and as such, ambient nutrients and phytoplankton biomass are also washed out at 
this dilution rate. Grazers are assumed to have a constant specific loss-rate (due to e.g. 
mortality and respiration) and are not subjected to wash-out. 
 
All the loss of producer biomass to predators is described by either a type II (see equation 1a 
and b) or type III response (see equation 2a and b) which, in combination with the 
multiplication of a conversion efficiency, serves to describe the predator production. For 
parameter explanation, units and values used in simulations, see Table 1. 
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Table 1.Variables and parameters for the population dynamics models, their respective 
units and parameter values 
Variable/ 
Parameter 

Description Value Units 

P Producer density variable mg C L-1 
H Grazer density variable mg C L-1 
S Concentration of free nutrients in system variable µg P L-1 
Rm Maximum specific growth-rate of producer 1 day-1 
S0 Nutrient content in inflow medium 1 or 2 µg P L-1 
f Exchange rate in medium  0.15 day-1 
qP Nutrient content of producer biomass 0.025 mg P mgC-1 
K Half-saturation constant of specific producer 

growth 
5 µg P L-1 

a Clearance rate of grazer on producer 0.095 L mg C-1 day-1 
h Handling time  0.5 days 
c Conversion efficiency of producer into grazer 

biomass 
1 unitless 

mH Loss-rate of grazers 0.15 day-1 
 
Using the mathematical software GNU Octave (v. 3.2.4; Octave 2013) these two sets of 
differential equations were plotted at the same parameter values (Table 1) and with varying 
S0. Theory predicts that at lower nutrient levels, a grazer-producer system using a type II 
response should be more unstable with nutrient enrichment when started at disequilibrium 
whereas one using type III should remain stable (Hollings 1959, Murdoch 2003). The results 
of the simulation conform to these predictions as sustained population cycles establish in the 
type II response system whereas the populations quickly reach equilibrium densities in the 
type III system (Figure 3).  This is, however, not always the case. Classic graphical analysis of 
a predator-prey system makes use of so called zero net growth isoclines (ZNGI) when trying 
to find the critical points under which a system is stable (e.g. Noy-Meir 1975). Simply put, a 
ZNGI shows all combinations of predator and prey densities for which either the predator or 
the prey does not show any net population growth, i.e. eqs. 1a/2a or 1b/2b are zero. These are 
most easily illustrated in two dimensional systems while  
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Figure 3.Simulation output illustrating the effects of enrichment (increasing input concentration S0) on a system where the grazer has a type 
II (left panels) or a type III (right panels) functional response. The different nutrient inputs are noted in the figure, remaining parameter 
values can be found in Table 1. Initial values at the start are: nutrients 1 mg P/L, producers 1.56mg C/L and grazer 1mg C/L.  
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the above contains three. However, with only a few assumptions, the level of free nutrients in 
the system (S) can easily be simplified to allow a two dimensional illustration. If the 
conversion efficiency (c) is set to 1, the nutrient contents per biomass of grazers and 
producers are the same (=qp) and mh=f, then the sum of all the nutrients (i.e. dissolved 
nutrients as well as nutrients bound up in biomass) will approach constancy and be equal to 
the incoming nutrient concentration S0, i.e. 
 
            

  
    

And 
                 (3) 
 
To calculate the producers ZNGIs for the cases of type II and type III functional response, 
eqs. 1a (type II) and 2a (type III) are set to zero and eq. 3 is inserted into either one. 
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Similarly, if eqs. 1b and 2b are set to zero, one can simplify them for the grazers to: 

 
  

     
           (5a) 

And 

 
   

                 (5b) 

And then solve them numerically for at what density of producers the ZNGI of the grazer 
falls. Note that in the case of the grazer, the ZNGI will not shift, but remain the same as eqs. 
5a and 5b will only equal zero at a specific value of P each when using a pre-determined set of 
parameters.      
 
Using the parameter values given in Table 1 and a range of producer densities P eqs. 4a and 
4b were solved numerically to yield the producer ZNGIs for the systems with a type II and 
type III functional response, respectively. Similarly, eqs. 5a and 5b were solved to yield the 
respective grazer ZNGI (Figure 4).  
 



6 
 

 
Figure 4. . ZNGI of a producer (P) and a grazer (H) in a simple producer-grazer system 
described by eqs. 1a-b (type II response) and 2a-b (type III response). The system is stable if 
the ZNGI of the grazer intersects the ZNGI of the producer has a negative slope and 
unstable if it intersects at a positive slope (Begon et al. 2005). Parameter values are as in 
Table 1, with S0=2. 
 
The ZNGI of the grazer will always be a fixed value and is therefore plotted as a vertical line 
somewhere in the graph (Begon et al. pp 234-238). Depending on where on the graph this 
line intersects the prey isocline, the stability of the system will vary. Should the intersection 
of ZNGI’s end up within an area where the slope of the producer isocline has a negative slope, 
the system will be stable. However, in an area with a positive slope the system will become 
unstable (e.g. Noy-Meir 1975, Begon et al. 2005). As can be seen in Figure 4, with a type II 
functional response, the parameters given in Table 1 with S0=2 generates a pair of ZNGI’s 
that intersect where the ZNGI of the producer has a positive slope whereas with a type III 
response, the intersection occurs at a negative slope. Theory would then predict that at the 
given parameter values, the model using a type II response would be unstable whereas the 
one using a type III response would be stable, and this is indeed the case (see Figure 3). 
Keeping this in mind, the reason for the unstable nature of the type II response at low levels 
of enrichment becomes quite obvious. As the ZNGI of the prey produced from the type II 
response (see Figure 4) is of a downwards open hump shape with a positive slope at the 
lowest prey densities, the system will be unstable along the low end of the enrichment 
gradient. The prey ZNGI resulting from a type III functional response, however, albeit 
containing a positive slope at intermediate levels that reaches across a longer span on 
enrichment than that with a type II response,  has two negative slopes, making it stabilizing 
at the lower as well as the higher enrichment levels.   
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3. Experimental methods 
 
3.1. Functional response 
For this experiment, adult D. magna were gathered from on-going laboratory cultures with 
pipettes and kept in algal-free medium for 48 hours to clear their guts from food. 
Furthermore, 500mL of modified 3xL16 medium (further explained in section 3.2) 
containing 10 different concentrations of phytoplankton were prepared by diluting M. 
minutum growing in 160µg P per L medium with clean medium containing 10 µg P per L. The 
targeted concentrations emphasised very low food densities and ranged from 0.001-0.5 mg C 
L-1 and are summarised in Table 2. Starting samples were taken from each of the 10 batches 
to get the actual concentrations (also summarized in Table 2). 
 
Table 2. The targeted and actual concentrations of phytoplankton in the functional response 
experiment. 
Target 
concentration 
in: 

mg C L-1 cells mL-1 Actual 
concentration 
in: 

mg C L-1 cells mL-1 
0.001 200 0.002 492 

0.0025 500 0.003 615 
 0.005 1,000  0.005 984 
 0.0075 1,500  0.008 1,508 
 0.01 2,000  0.012 2,354 
 0.025 5,000  0.025 5,062 
 0.05 10,000  0.051 10,277 
 0.1 20,000  0.109 21,723 
 0.25 50,000  0.253 50,631 
 0.5 100000  0.546 109108 
 
For each food density treatment, five cell culture flasks (50mL) were filled approximately half 
full with medium containing the appropriate algal concentrations. Following this, five starved 
Daphnia were added one by one to each bottle in turn, making sure that the difference in 
numbers of Daphnia was never higher than one between the bottle with the highest and the 
lowest amount. Each bottle was then filled to the brim (approximately 67 mL) with medium 
containing the right algal concentration and properly sealed. This procedure was taken to 
decrease the amount of air caught in the bottle (as Daphnia may get caught in the surface 
tension of bubbles). The bottles were then instantly set to rotate at ca. 1-2 rpm in near 
complete darkness at 23 °C. The two lowest treatments (i.e. 0.002 and 0.003 mg C L-1) were 
set to rotate for one hour before sampling whereas the remaining ones were set to two hours. 
During this time, the Daphnia were allowed to graze freely. Control flasks contained no 
Daphnia and were poured (i.e. first half full, then to the brim) and set to rotate in the same 
manner as the treatment flask. 
 
At the end of the experiment the remaining phytoplankton were counted by flow cytometer 
after being filtered through a 65µm mesh net. Knowing the concentration of phytoplankton 
before and after the grazing, the per capita prey mortality of M. minutum per hour was 
calculated using  eq. 6. 

   
  

  
  

 
      (6) 

Where mp is the per capita mortality of M. minutum per hour, t is the time that D. magna 
where allowed to graze in hours, c0 and ct the concentrations of M. minutum at the start and 
the end of the grazing, respectively.  
 
Furthermore, several best-fitting polynomial models were inserted and analysed using 
Akaike’s Information Criterion (AIC; Akaike 1973) for the purpose of comparison. The use of 
AIC has proven to be useful when trying to select a best-fitting model under a large range of 
conditions (e.g. small sample sizes, parametric data; Bedrick & Tsai 1994, Hurvich et al. 
1998). 
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All the algal counting for this entire study was performed using a BD FAC SVerse flow 
cytometer set to high flow rate and 30sec acquisition (approximately a 65µL sample, voltage 
settings in Appendix 1). All samples were filtered through a 65µm mesh net before they were 
counted. Furthermore, all readings were plotted in a manner of light-absorption (PerCP-
Cy5.5-A) over diameter (FSC-A) with a hand-drawn gate (highlighted area of interest) that 
served to isolate the cloud of readings that were of interest (e.g. Figure 5). 
 

 
Figure 5. An example cytometer-reading showing a sample (left) and density plot (right) of 
phytoplankton with a hand drawn gate to isolate the particles of interest (i.e. the 
phytoplankton population). The vertical axis shows the fluorescence and the horizontal 
shows the particle diameter, note that both axes are in logarithmic scale.  
 
 

3.2. Long term-dynamics 
This experiment ran from the 26/2-26/5 2013 and initially made use of eight 4L chemostats 
in a flow-through experiment set at 16°C (see Figure 6). The chemostats contained medium 
in a nutrient gradient ranging from 10 to 80µg P per L (see below) and was inoculated with 
D. magna and M. minutum. Each chemostat had 15% of its volume replaced each day with 
fresh medium in a process that washed out phytoplankton, but not D. magna.  
 
Following the method of Wenzel (2012) a modified 3xL16 medium (Lindström 1991) with 
100μL L-1 of Wright’s solution and both ANIMATE and VIM as in COMBO (Kilham et al. 
1998) was used, only differing from Wenzel (2012) in that pH was adjusted to c. 7.8 instead 
of 8.0. Nutrient levels in the inflowing medium were kept at 10, 20, 40 and 80 µg P per L at a 
constant molar N:P-ratio of 20. In the interest of eliminating varying osmotic pressure as a 
confounding variable, KCl and NaCl were added so that the total ionic concentration was 
equal in all treatments. Furthermore, a small amount of cetyl alcohol was added to each 
chemostat (including controls) to keep Daphnia from getting stuck in the surface film 
(Desmarais 1997). Initially, the experiment ran at 16°C but as the population of D. magna did 
not grow under these conditions, the temperature was raised to 23°C on the 18/4. This did, 
however, not result in the population of D. magna in the 10 and 20 µg P per L treatments 
maintaining a viable population and they were terminated and restarted as 40 µg P per L 
treatments.  
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Figure 6. Illustration of the experimental setup for the population dynamics experiment.  
 
As the period before the increase in temperature did not seem to sustain D. magna at any 
nutrient level within the experiment, a pause in the gathering of data was taken after the 3/4 
ranging to the 16/4 in the original 40 µg P per L treatment and to the 26/4 in the 80 µg P per 
L treatment. Data on the numbers of M. minutum and D. magna where taken again when the 
chemostats showed sign of being able to sustain a viable population of D. magna (i.e. 
increase in numbers).    
 
Each chemostat was set approximately 20cm from a light-source consisting of a fluorescent 
Philips TL-D 90 De Luxe, 36 W lamp at 115-130 micromol photons per square meter per 
second and exposed to a 16:8 hours of light/darkness cycle. Stirring with a magnetic stirrer 
was performed two times for 15mins day-1 at 100 rpm during the dark hours as this is the 
time when Daphnia spend the most time feeding in the upper part of the water column 
(Haney & Hall 1975), thus minimizing the risk of crushing any individuals in the process. 
 
D. magna were counted once per week, a process during which corpses and shed carapace 
where removed from the chemostat to avoid nutrient accumulation. Two times per week, a 
13mL sample of medium was removed from each chemostat and filtered through a 65µm 
mesh net to be used for algal counting through the use of a flowcytometer. Unlike the 
counting done after the functional response experiment, the gate used in the particle 
counting had to be adjusted several times for each treatment as the phytoplankton changed 
their size:chloroplast ratio depending on nutrient level and grazing pressure. Furthermore, a 
50mL sample was taken for lugol preservation once per week for the first four weeks, and 
120mL were removed once per week for nutrient sampling (as part of another study). 
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4. Results 
 
4.1. Functional Response experiment 
The per capita death rate at different algal densities is shown in Figure 7. For comparison, 
three trendlines (linear, quadratic and cubic) have been inserted. The general trend is a 
decrease in per capita mortality with increasing algal density with the cubic trendline (7) 
offering the best fit with an AIC of -159.69 
                                     (7) 
where x is the log initial cells ml-1. It is worth noting that there is a large variance within the 
low density replicates. 
 

 
Figure 7. Per capita death-rate of M. minutum per D. magna*hour plotted against M. 
minutum density log(cells per ml). The given equations and AIC are for the three trendlines 
that are either linear (lowest one at start), quadratic (middle one at start) or cubic (top one 
at start). 
 
4.2. Long term experiment 
The dynamics of the M. minutum and D. magna populations in the three 40 and the 80 µg P 
per L are summarized in Figure 8.  A general pattern is that, despite low densities of M. 
minutum that later went to extinction, the populations of D. magna could either grow or 
remain at numbers >50 individuals per litre. Furthermore, as M. minutum never seemed to 
regrow even as numbers of D. magna decreased, there were no clear signs of population 
cycles.

Quadratic: y = 0.0152x2 - 0.1446x + 0.3679, AIC: -157.661 

Linear: y = -0.0283x + 0.155, AIC: -157.269 

Cubic: y = -0.0216x3 + 0.2643x2 - 1.0807x + 1.5125, AIC: -159.6921 
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Figure 8. Densities of M. minutum and D. magna over time in the three 40- and the one 80µg P per L treatments. Note that 40(1) and 80 µg P 

per L treatments starts earlier than the two other 40 µg P per L treatments do. The gaps in the time series for the two longer experiments are 

explained in section 3.2.
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5. Discussion 
 
The negative cubic equation that was chosen as the best fit model for the functional response 
data indicates a Type II response as it yields an upwards concave, monotonous decrease in 
per capita grazing death-rate of M. minutum with increased own density (see 2.1 and Figure 
2). There is, however, quite a large variance in the lowest food density treatment compared to 
the others, with one data point having the lowest per capita mortality in the experiment. As 
the remaining four replicates from the lowest treatment yielded four of the five highest per 
capita mortalities within the entire study, the high variance that seems to come with lower 
food densities (Figure 7) should definitely be noted. 
It is also worth mentioning that when moving from high to low food density treatments the 
eight first treatments take on the hump shape that is associated with type III functional 
response. If the two lowest treatments are removed from the graph, the new pattern that 
arises (Figure 9) is best described by either a negative quadratic (8) or a positive cubic (9) 
equation with AIC values of -160.25 and -160.17 respectively.  
                                 (8) 
                                     (9) 
The AIC of the two models is too similar to clearly distinguish which has the better fit (see 
Akaike 1973, Bedrick & Tsai 1994). The shape of the best fitting curves however, now indicate 
an increase in per capita mortality of M. minutum with an increasing food density up to a 
point where it starts to decrease again, an indication towards a type III functional response 
(see Figure 2). The maximum of the cubic model does however occur at such a low density 
(approximately 0.01mg C/L) that it is unlikely to have a stabilizing effect as such low food 
densities would be unable to support a population of D. magna. Although the maximum of 
the quadratic curve is not plotted, it would occur at a lower density than the cubic model, 
making it unable to sustain a population as well. 
 

 
Figure 9. Per capita death-rate of M. minutum per D. magna*hour plotted against M. 
minutum density log(cells per ml) after the removal of the two lowest algal density 
treatments. The given equations and AIC are for the three trendlines that are either linear 
(highest one at start), quadratic (middle one at start) or cubic (lowest one at start). 
 
As this it is the part of the food density gradient where the difference between functional 
response types is easiest to distinguish (see 2.1), further investigation on a proper grazing 
time in low food density treatments in functional response experiments with large grazers 

Quadratic: y = -0.00386x2 + 0.0137x + 0.047398, AIC: -160.249 

Cubic: y = 0.0124x3 - 0.1528x2 + 0.6018x - 0.7136, AIC: -160.167 

Linear: y = -0.0172x + 0.1072, AIC: -157.629 
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such as D. magna is of the essence. The current setup allowed Daphnia in the two lowest 
food density treatments to graze for one hour and while this may be the proper amount of 
time, it may be in need of more replicates to help distinguish a clearer pattern.  
 
Unfortunately, for several reasons, the data acquired from the long term-dynamics 
experiment turned out to be unsuited for a meaningful test of long-term dynamics under 
enrichment. The major reason for this is due to unexplainable D. magna mortality and that 
several model assumptions where being violated. The first problem that was encountered was 
the presence of more than one species in the flow cytometer reading of chemostat content 
that later grew to a notable number (>15% of the readings, see Figure 5). This extra species 
was of approximately the same size as the phytoplankton and violated the assumption that 
M. minutum should be the only food source to limit the growth of D. magna. Secondly, As 
time progressed, all chemostats became infected with various new organisms that often 
outgrew the algal population and started to form a biofilm on the walls. The formation of 
biofilm together with the clumping and sedimentation of phytoplankton that occurred shortly 
thereafter violated the assumption of a well-mixed system with a constant wash-out of the 
system as nutrients that were added to the system were no longer washed out at the same 
rate. Although shed carapace and corpses of dead D. magna were only removed once per 
week (see 3.2), the lack of means of mineralization within the system most likely diminished 
the effect they had on the system. Despite all the above mentioned problems and violations, it 
seems however that, as theory would predict, the 80µg P per L treatment was able to sustain 
a much larger population of D. magna compared to the 40µg P per L treatments. 
 
Despite the many problems with the long term-dynamics experiment, several things about 
the setup of the experiment still hold true. P deficiency has previously been proven to limit 
growth in Daphnia (Urabe et al. 1997), making it a suitable limiting nutrient. Furthermore, 
predation on Daphnia is not a requirement for a system to remain stable (Murdoch et al 
1998). Future studies could counter the problem of biofilm formation by changing to a new, 
clean, chemostat when they are emptied for the sake of Daphnia counting. The problem 
could also be countered in an earlier stage by a more efficient cleaning of D. magna before 
inoculating them in the chemostats. For this study, healthy D. magna were picked from a 
stock population and rinsed with algal-free medium and then kept in the same kind of 
medium for 24 hours before they were inoculated with a pipette. 
 
In sum, although D. magna express tendencies towards a type III functional response, the 
large variation within the replicates at low food densities makes the task of distinguishing it 
from a type II response impossible. Neither did the long term-dynamics experiment reveal 
any pattern that could help distinguishing which of the two functional response types is in 
effect. It did however conform to the intuitive idea that enrichment should allow a system to 
sustain a larger population of D. magna. 
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Appendix 1: Voltage settings for Flow Cytometer 
Name Voltage Threshold 
FSC 100 10,000 
SSC 200 5,000 
FITC 400 5,000 
PE 300 5,000 
PerCP-Cy5.5 400 5,000 
PE-Cy7 516 5,000 
APC 474.2 5,000 
APC-Cy7 496 5,000 
V450 452.5 5,000 
V500 411.1 5,000 
 


