
Calculating particle size 
distributions
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Particle size dependent 
processes?

Methods to measure particle size 
directly

Optical proxies for particle size



Size distributions in the ocean

Sheldon et al., 1972:

• To first order, there are roughly equal 
amounts of material in particles of all 
sizes ranging logarithmically “from 1 μ to 
about 106 μ, i.e. from bacteria to 
whales”

• Consistent with n(D)~D-4

Figures: Sheldon et al., 1972. L&O, 17(3): 327-340.



Size distributions in the ocean
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FIG. 13. The relationship between rate of production and particle size. The numbers near to the 
Rhincalanus patches indicate the temperature at which the growth took place. The uppermost of the 
two Clupea areas represents C. sprattus. The lower area represents both the Atlantic (C. harengus) 
and Pacific (C. paZla.si) herring. For other explanations see text. Data from Altman and Dittmcr 
( 1964), Conover and LaIli ( 1972), C 1 inarsson ( 1945 ), Eppley and Sloan ( 1966), Ford ( 1933 ), Garrod 
and Gambell ( 1965 ), Heir& ( 1966)) J o h nson ( 1970), Lebour ( 1925 ), Marshall and Orr ( 1955 ), 
MacLaren ( 1965, 1969)) Mullin and Brooks ( 1970 ), Prakash ( 1967), Smayda ( 1966)) and Williams 
(1964). 

with other data in this paper; the equiva- 
lent spherical diameter of a fish varies 
with its shape but is about a fifth to a 
third the actual length. For a crustacean 
the spherical diameter is about half the 
actual length. Growth rate varies with 
tcmpcraturc but this effect is small rela- 
tive to the scale WC USC (see Rhincalunus, 
Fig. 13). Howcvcr, the cool-water species 
tend to fall on the upper part of Fig. 13, 
indicating that at any one size, rate of: 
production is highest in warm water. 

Although for a balanced system the form 
of Fig. 12 predicts, qualitatively, the form 
of Fig. 13, and vice versa, the quantitative 
relationships seem to depend on subtle in- 
teractions bctwccn the growth rates and 

metabolic cfficiencics of predators and 
prey. There is a need for further work to 
develop a sound theoretical framework, 
but the validity of our hypothesis can bc 
roughly established from Fig. 13. In two 
well-known predator-prey links, Chpea to 
Cdanus and Calanus to diatoms, rates of 
production vary by roughly an order of 
magnitude for each step. If the ecologic 
efficiency is about 10% then the standing 
stocks must bc similar. 
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Sheldon et al., 1972:

• To first order, there are roughly equal 
amounts of material in particles of all 
sizes ranging logarithmically “from 1 μ to 
about 106 μ, i.e. from bacteria to 
whales”

• Consistent with n(D)~D-4

• Has important ecological implications:  
growth rates must be inversely related to 
particle size, if this canonical value holds 
everywhere



Particle size spectra at Monterey Bay 1749 
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Fig. 4. Particle size spectra for the different imaging instruments as a function of size compared 
with the minimum detectable size spectra, nmin. Continuous lines represent reported spectral values; 
dotted lines represent nmin. Data represent more depths than the three emphasized in this paper. 
Sample volumes were not always constant between depths. Diameters are those reported for the 

instruments, with no attempt to convert to a common basis. 

Things to consider when interpreting 
particle size distribution data

• What is the instrument’s sample 
volume, and how many “rare” 
particles are there in that volume?

• What is the method’s lower size 
detection limit?  Does this 
manifest as a roll-off of particle 
counts or a rapid increase?

Figure:  Jackson et al., 1997.  Deep-Sea Res. I. 
44(11): 1739-1767.



underestimation of rare, large particles or net particle disaggregation dur-
ing handling. Furthermore, we observed good agreement in all measured
parameters between instruments, sediment trap deployments, and
between discrete and profiling LISST samples. The exception to this is
the sediment traps at 300m, where the IFCB data yield lower ξ values than
the LISST data; however, this may be an artifact of the small sample size at
this depth (n≤ 10 particles/ml).

3.2. Linear Scaling of Sinking Speed With Size

Figure 3 summarizes our main findings. For material suspended in the
water column, the PSD has a relatively steady exponent of ξ ≈ 3.2 from
the shallowest depths to ∼125 m and then appears to decrease to a value
closer to ξ≈ 2.8 from 125–150 m. In contrast, the PSD of sinking material
is much lower, with ξ ≈ 2–2.3 across all depths sampled. This implies a
w∼dα scaling of roughly α ≈ 1, though the exact α value depends of course
on which data ξ is defined from for sinking and suspended PSDs. Across
all plausible combinations from the values in Figure 3, α is within the
range 1.05± 0.2. This approximately linear sinking speed‐diameter scal-
ing is far from the frequently utilized value of α=2 for ideal solid
constant‐density spheres.

This α≈1 scaling is instead more consistent with a fractal description of
marine particles; a fractal particle of dimension D will exhibit a
scaling of α = D −1 (Jackson, 1995), here implying a fractal dimension
of D ≈ 2. The fractal dimension of marine particles has been an object of
study for decades, and while there is undoubtedly both ecological and
methodological variation in D, a substantial body of evidence suggests
that marine particles have a fractal dimension of D≈ 2 rather than D≈ 3
(albeit with significant variability between methods, definitions, and sam-

ples) (Alldredge &Gotschalk, 1988; Huang, 1994; Jackson et al., 1995; Jiang & Logan, 1991; Kilps et al., 1994;
Li & Logan, 1995; Li et al., 1998; Logan & Wilkinson, 1990; Ploug et al., 2008). This also includes the sus-
pended PSD versus mass flux comparison by Guidi et al. (2008), which found b = 3.52, wherein b is the
sum of both α and a mass‐to‐diameter scaling it should equal 2D −1, implying D = 2.26. Thus, α ≈ 1 as
we find here is consistent with these studies. A lower α (and/or D) than 2 (3) also implies a relatively more
important role for smaller particles in total sinking fluxes, as has been increasingly recognized (Alonso‐
González et al., 2010; Durkin et al., 2015; Riley et al., 2012).

One can also estimate sinking velocities for an individual size class by dividing the flux in that size class by
the ambient concentration in that size class (McDonnell & Buesseler, 2010). Results from this approach were
in good agreement (≤25%, median 15%) with the power law approximation, except for the largest size bin,
where the power law approximation overestimated settling velocities by ∼50%. Thus, it appears that the lar-
gest size (93–109 μm) bin's velocities may have been overestimated here (though note that as the LISST esti-
mates the entire size distribution via regularized inversion, it is not ideally suited to estimating properties of
individual size bins and therefore to the application of the McDonnell & Buesseler, 2010, approach).
Nonetheless, our main conclusions are not affected by this discrepancy.

3.3. Mean Diameters

Though the power law exponent ξ is a more useful and easily estimated quantity than the moments of a
power law distribution (Newman, 2005), it is still instructive to consider the distributions' means. Table 1
shows various mean diameters from the LISST‐derived sinking PSDs. dn is the arithmetic mean, da is the
area‐weighted mean, and dv is the volume‐weighted mean. As usual for power law distributed data, dn is
close tomin(d). dawhen compared with historical LISST water column data for Station ALOHA (with which
the profiles described here are consistent) shows that as expected, larger particles are comparatively more
responsible for sinking fluxes. An arguably better metric for this is dv, which corresponds to the expected
value of the diameter of a particle containing a randomly chosen parcel of particle volume. We estimate

Figure 3. PSD exponent ξ of sinking and suspended material for different
depths, deployments, and instruments. Error bars in all cases are
standard error of the grand mean. Trap‐derived ξ values are plotted
vertically offset for visual aid; all measurements were made from sediment
traps deployed at the same three depths (75, 150, and 300 m). ∗We have low
confidence in the IFCB‐derived ξ values at 300m as these are based on
small sample sizes, ≤10 particles/ml.
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Particle size distribution slope depends on 
where and how you look

Figure:  Cael and White, 2020. 10.1029/2020GL087825

• Hawaii Ocean Timeseries Study
• Profiles (suspended) and sediment 

trap (sinking) particle observations 
with LISST and IFCB

• Sinking particles have flatter slopes 
(more larger particles) than 
suspended particles

• No real depth trend in sinking 
particles

• Suspended particles increased in size 
below euphotic zone

N(D) = N(D0)*(D/D0)-x



Processing and interpreting particle size data
Goals:
1. Work through a simple example of binning IFCB particle size data 

into size classes, visualizing uncertainty, and fitting a power-law 
model to the data

2. Demonstrate a (relatively) straightforward use of Matlab scripting 
to carry out the above steps

3. Regular and “live” versions of the Matlab scripts and data file are in 
class drive, feel free to download and follow along or use for an 
example later.  All files must be together in one folder to work 
properly.


